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and hope they will continue our legacy.



Message from the Authors

Every woman should know that among 4000 women she will meet within 1 year,
one will certainly have cervical cancer and that she might be this one woman, if she
does not participate in regular cervical cancer screening.

During the lifespan while she is at risk (between 20 and 60 years of age), this
chance is increasing to 1:10. Having the HPV disease, not the infection only, dou-
bles the chance. At the same time, if detected on time, cervical cancer is completely
a preventive disease — after removal of the suspect lesion, the woman is cured.

These statistical assumptions make the cervical cancer screening and removal of
suspect lesions one of the most important additions to women’s health and
well-being.

But knowledge is power, and this power could and should be learned to be exe-
cuted. Books are only tools that can help readers to improve themselves. The will is
the essence of the conduct. The new edition is designed to move the will of women
at risk for cervical cancer.
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Foreword to the 2016 Edition

In the Afterword of the 2008 Edition, the authors have emphasized the impact dif-
ferent strategies, new tools and subsequent guidelines — promoted by those who
think it is their duty to recommend such guidelines — have made to the clinical
practice developed to prevent the occurrence, to postpone the development, to facil-
itate therapy and palliation and to reduce suffering of subjects affected by cervical
cancer.

The authors also have responded to the Call to Stop Cervical Cancer promoted
by WHO (IARC) in 2008, whose one challenge, “To develop concerted action
against cancer of the cervix,” is still a very actual one. In 2008, the stance of the
authors was to “keep the tradition until the new option proves its superiority.”

Since, in between two editions, none of the proposed options proved its superior-
ity to the standard Pap test (as measured by clinical outcomes), the authors have
decided to introduce, in this new edition, their experience with MarkPap technology
products, which in lieu of growing application of modern IT technology, telemedi-
cine and mobile health seem to be the methodology of choice to move the ailing
cervical cancer screening towards new horizons.

The following chapters/articles will present these new ideas:

e MarkPap Test — advantages and weaknesses

e Smart biomarker and digital imaging

e ITTHC and mobile opportunity

* Networking with medical image information

e Screen & Treat, WHO recommendation for one day resolution of cervical
lesions, if present

e MEDYKO and one day Screen/Intervention Cycle

Proposal for a New Strategy for LMIC based upon US experience and MarkPap
tools provided for specimen self-collection, specimen preparation, staining, read-
ing, and interpretation, together with recommendation for on-site management of
women with abnormal specimens.



Between Two Editions

It has been 7 years since the book What Every Woman Should Know About Cervical
Cancer has been published. The first edition was published as a compendium of
information about cervical cancer necessary for women to know and to understand
the disease in order to make educated decision and to be equipped with arguments
to advocate about their health. The selected format was a monograph with personal
experience being added to the medical information.

The expectation that this goal will be achieved was supported by the immense
success of the cervical cancer screening campaign in the USA (1945-2005), where
the negative trends of increase of cervical cancer prevalence and mortality were
reversed into positive trends and both mortality and prevalence have been reduced
by 80 % in 60 years of application. This success was undoubtedly related to the suc-
cessful Pap test — the entire procedure including screening, diagnosis, and removal
of lesions that can develop into cervical cancer.

Unfortunately, our book was not followed by proposals for change of health
policy around the world and/or with offerings of new tools to enable the application
of the new strategy. The cervical cancer market has been driven by the actual needs
of local healthcare providers, who have been demanding tools for delivery of acute
healthcare services. Cervical cancer prevention with cervical cancer screening, as it
happened in the USA, needs large social actions like the cervical cancer campaign
led by the American Cancer Society and supported by the US Congress. Without
such support, the local healthcare providers are powerless, and women alone cannot
help themselves.

This is why the current situation in the world is unacceptable for the twenty-first
century.

In 2014, there were 7.33 billion people in the world, 2.5 billion women were at
risk for cervical cancer, and only 20 % were protected by any type of cervical cancer
screening (frequently substandard procedures); much more resources were spent on
diagnosis and treatment for no results than it was invested in prevention for cure.
Saving a woman’s life is not only her problem, it is a problem for the entire society
because women are not only tools for reproduction of population, but they are also
competent, although not yet equivalent, partners for improving the society’s life by
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Xii Between Two Editions

participating in economic and social growth. This aspect will be addressed in more
details in the new edition.

The period between 2008 and 2014 has been characterized by fast-growing
hopes that cervical cancer could be eradicated (due to HPV immunization and HPV
testing) and also the fast balancing of this enthusiasm with the reality check that
cancer is something more than a mere viral disease. Anyhow, during this period,
HPYV testing was improved with methods to assess separate (e.g., oncogenic) strains
(16, 18), and testing for HPV was added to cytology screening, to VIA and to
colposcopy.

Many competent institutions and professional societies in the USA, usually con-
sidered as authority for cervical cancer screening, have responded to this new situ-
ation and have changed, adjusted, or improved their guidelines for cervical cancer
prevention, particularly, for screening for early lesions indicating possible cervical
cancer growth.

Among them, the American Cancer Society (ACS, 2012), American Society for
Cytopathology (ASC, 2014), American Society for Colposcopy and Cervical
Pathology (ASCCP, 2010), American College for Obstetrics and Gynecology
(ACOG, 2009), National Cancer Institute (NCI, 2014), US Preventive Services Task
Force (USPSTEF, 2012), Centers for Disease Control (CDC, 2012), Centers for
Medicare Medicaid Services (CMS, 2014), and the World Health Organization
(WHO Guidelines, 2013) have revisited their prior recommendations and came with
new guidelines. They are presented in the new edition.

We have reviewed the prior and the updated new guidelines, and we found the
following major changes that might have impact on cervical cancer screening prac-
tices and, probably, to the prognosis of future cervical cancer in the USA and,
maybe, the world.

* Classic Pap smear remains as the basic reference and control test.

e Liquid-based Pap tests (ThinPrep, SurePath) have not produced convincing
advantage versus the Pap smear to favor its replacement.

e Testing for HPV is to be reduced to only those strains which are connected to
cervical cancer (16, 18).

e It is largely recommended that the period between testing is expanded from
annual to between 1 and 3 years — many specific recommendations are given to
selected age groups. We prefer annual screening and more sensitive but less
harmful tests (perhaps, biomarker-based pathocytological assays).

* Clinical trials should rely more to the robust endpoints than to the surrogate
endpoints as currently it will improve the value of the results and their
inference.

* We have not found more attention given to modern IT, nor to the improvement of
Papanicolaou staining with or without new biomarkers. This lack of attention
needs to be addressed, because, as we think, both biomarkers and IT are the core
of future cervical cancer screening and preventive medicine applied for cervical
and cancer at large.
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The most important myth generated after the success of Pap test was declared,
and also the major target for those who would like to replace it or to join it partially,
is the exacerbation of the cost of Pap test. The myth that Pap test is expensive must
be analyzed and then rejected. Below is the first attempt in this direction.

The myth that Pap test is expensive is not true. The test itself — smear prepara-
tion, staining, and interpretation — is simple; it may take 1-2 h and the result is ready
for reporting. However, the cost is increased because of the following:

e Specimen collection — medical doctor who must examine the subject and per-
form the pelvic exam

» Expert cytotechnologist and/or pathologist on site to read cytology information
and to classify and report the findings

* Colposcopist (gynecologist) on site to validate (confirm) diagnosis

* Needs a medical doctor on site to receive the results and to decide about further
procedure and management of women with abnormal specimens

All of this cost is eliminated by using MEDYKO™ (see below in Chap. 6).

These topics are addressed elsewhere in our new edition.

Once we completed these conclusions, the question arises on how to present the
actual guidelines. Obviously links or only summaries with references will not have
the impact as full guidelines. We decided to present them as originally published by
their authors and to get permission for including them here by the publisher.
Anyhow, in our new edition, we reserve a full chapter for presentation of the cervi-
cal cancer screening guidelines in effect after 2008 until 2015 (Chap. 4).

Tribute to the Readers and the Followers of Our Work

The book What Every Woman Should Know About Cervical Cancer is our major
publication, but it is not the only one. We were very active in communicating our
ideas and achievements via publications, e-mail, or websites (www.bioscicon.com
and www.markpap.com) and participating at various scientific and business meet-
ings; promoting ideas in brochures, general public articles in proceedings and
daily papers, as well as communicating directly with those who have expressed
interest in our ideas, the strategy, and the tools meant to facilitate the application of
the strategy.

In the period between 2008 and 2015, we have been very active communicating
with scientists, professionals, students, and business and lay people all around the
world. In response to many requests, we decided to expand this book with new
chapters presenting the true information about different technologies — now in prac-
tice for cervical cancer screening — and to give women other options to educate
themselves for a better decision on which way to go and what technology to ask for
themselves and their families and friends.

Since a book is usually the most comprehensive compendium of answers to all
questions, we have added the following new chapters: Chap. 4 “Cervical Cancer
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Screening After 2008,” Chap. 5 “Global Cervical Cancer Screening,” Chap. 6 “New
Strategy and Its Global Application,” Chap. 7 “New Tools,” Sect. 7.1 “MarkPap®
Mlustrated,” Sect. 7.2 “Information Technology Telehealth Center (ITTHC),” Sect.
7.3 “The New Integrative Complex MEDYKO,” Sect. 7.4 “Template for
Telecytopathology,” “Compendium of Guidelines Published Between 2008 and
2014,” “Annex with Published Brochures, PPP,” and “Media with Video Presentations
of the Topics in This Book.”

Between the two editions, one important fact has gained more appreciation: the
value of outreach. The success of Pap test in America was achieved only when the
percentage of screening participants had increased to more than 50 % of women at
risk. At this crucial point, the ever-increasing trends of cervical cancer prevalence
and mortality in the USA have reversed, and the trend continues to decrease while
the outreach stays above 50 %. However, this success was achieved by healthcare
providers, US Federal Government, health insurance, and health industry working
in concert to provide public and professional education, to develop a national strat-
egy, and to provide tools (infrastructure, equipment, personnel, and supply) to
implement mass cervical cancer screening.

This understanding lacks in many developing countries which struggle with cer-
vical cancer-induced problems, and their strategies are failing while the outreach
stays low (at average below 20 %).

Fortunately, in case of cervical cancer screening, there are two robust measuring
endpoints, the prevalence and mortality which cannot be influenced by many sur-
rogate success/failure endpoints, and the true situation is easily obtainable. The gen-
eral excuse that the mass cervical cancer is costly and unaffordable in many
countries is also not true because of the current availability of modern IT and tele-
medicine tools and strategies.

Our new edition is dealing with this problem around the world (examples), and
we hope, with this new text, to initiate reconsideration of the problem by the policy
makers and to inspire them to adjust their policy to new conditions — which are now
more favorable for women’s protection than ever before.
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About the Book and the Authors

During the 2006 Annual Meeting of the American Association for Cancer Research
(AACR) in Washington, D.C., we had the pleasure to meet Dr. Cristina Alves dos
Santos, Senior Publishing Editor, Cancer Research at Springer, NL. Discussing our
work on cervical cancer screening which was presented at the meeting and how we
came to our discovery, Dr. Dos Santos suggested that we consider submitting a
manuscript to Springer for publishing.

In the beginning, we thought it would be interesting to write more about us, our
work together as a husband-wife team, how we came to these discoveries, and how we
proceeded with translational research and brought them from an idea to products.

However, this idea, no matter how attractive it seemed, had to be replaced with
the actuality of the momentum — the necessity to provide women with a reference
book to help them better navigate among new dilemmas and multiple options that
modern medicine was offering.
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Xvi About the Book and the Authors

What happened between the 2006 Annual Meeting of the AACR and our deci-
sion to write the book What Every Woman Should Know About Cervical Cancer? In
2006, the FDA approved the first HPV vaccine (Gardasil by Merck) and raised
everybody’s hopes for successful prevention of cervical cancer. It turned the accent
from cytological screening to HPV testing and to molecular testing — a logical
extension to include detecting viral particles. These molecular biology-related ideas
called for a substantial increase of cervical cancer screening cost, and the funds-
sensitive health insurance companies sounded alarm. The first signs of the worst
solution appeared when Kaiser Permanente, accepting the new technology, recom-
mended extending the periods between two cytological screenings for cervical
cancer.

At that time, we were studying the relation between conventional Pap smear and
the newly recommended liquid-based technologies in order to position our
biomarker-based test to serve women’s need best. One of the striking results from
this study was the conclusion that the frequency of screening (annually) is probably
better related to the success of Pap test (reduction of mortality from cervical cancer
for 85 % in the USA) than the testing technology or false readings that have been a
widely accepted argument against the Pap test. Recommending to extend the inter-
screening periods was an alarming sign signaling to a danger that women could be
again insufficiently protected against cervical cancer. More evidence-based infor-
mation was needed to prevent an unwanted outcome.

We decided to use this opportunity and to write a book with emphasis on health
education, a book that will synthesize the new achievements and will present them
in the context of basic facts and prior advancements. Dr. dos Santos liked this idea,
and when she accepted the proposed synopsis and contents of the book, we started
to work. This is how the book What Every Woman Should Know About Cervical
Cancer was born as a one-stop cervical cancer resource for women. Presenting
medical concepts in plain terms with readily available advices, we thought we could
help women:

1. To increase the awareness of risks and the availability of methods to prevent
cervical cancer

2. To educate them of available cancer control measures: how to detect early cur-
able precancerous disease and stop the cancer before it appears

3. To show them how to seek for appropriate help when cancer is diagnosed

This triad was intended to help women to promote their health, to ask educa-
tional questions from doctors, and to participate actively in their disease treatment,
when needed.

Having experience with cancer patients and motivated by the current open
forums, list-services, and chats on the Internet among women with precancer and
cancer, we decided to devote more space in this book for discussions on the emo-
tional, humane side of the problem of how to cope with the disease (Chap. 3). Since
many women are interested in complementary medicine, we have chosen to include
some carefully selected topics (e.g., relaxation and stress release, eating for optimal
health, etc.). Dr. Olivera Markovic, having experience as a university health profes-
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sor and being acquainted with the needs of health instructors and students, comple-
mented the text to make the book useful for an academic environment. Dr. Nenad
Markovic, an experienced oncologist, enriched the book with critical thinking on
medical aspects of cervical cancer prevention (including HPV vaccination), control
(past, current, and new screening methods), diagnosis (colposcopy, biopsy, histol-
ogy), and therapy (surgical, radiotherapy, and chemotherapy), with emphasis on
controversies and hopes created with the introduction of HPV vaccination. We hope
these additions will be of benefit for medical personnel, students, and doctors.

The anticipated story about the authors had to be limited to their joint but abbre-
viated biography. Drs. Olivera and Nenad Markovic are peers, collaborators, and
husband-wife lifetime partners. This was decided when they met in high school as
best students in their generations and started and finished medical school on the
same day in their hometown, Skopje, Macedonia, former Yugoslavia. They were
supported by their wonderful parents. Mr. Svetomir Markovic, Nenad’s father, was
a renowned educator and professor of mathematics, and his mother Olga devoted
her entire life to the family. Dr. Trajko Saljinski, Olivera’s father, was DVM and
Ph.D. in veterinary microbiology and senior scientific state counsel and director of
the State Institute of Microbiology. He inspired her to love science since she was a
little girl spending a lot of time with him in the laboratory. Her mother Mila, a tal-
ented vocal and instrumental artist and professor, ignited a love for music. Olivera
was enrolled since age 6 in the school of music studying piano for 8 years.

After finishing their medical studies, Olivera and Nenad already married planned
together their further education and specializations (residency and fellowships).
Nenad decided for clinical medicine and specialized internal medicine, hematology,
and oncology. Olivera decided for research and teaching and specialized medical
biochemistry. At that time, they were immediately hired at the University Medical
School in Skopje: Nenad at the University Clinic of Internal Medicine and Olivera
at the Institute of Biochemistry, where they began their academic career as assistant
professors. Nenad had his residency in internal medicine at the University of Skopje,
at the University in Belgrade and later at the University of Lund, GH in Malmo,
Sweden. There, working with Prof. Dr. Jan Waldenstrom, he discovered his affec-
tion for studying cellular structures and their functional meanings — a step that has
influenced his further career. Olivera decided to postpone her specialization becom-
ing a mother of their first child, Svetomir. She then completed the specialization in
medical biochemistry at the University in Skopje and at the University in Belgrade.
Soon after that, their second child, daughter Mila, was born.

At this time, Olivera was awarded the Fogarty International Research Fellowship
at the National Institute of Health, Bethesda, Maryland. The family with two small
children and a nanny arrived in Bethesda, Maryland. Olivera started her fellowship
at the National Institute of Arthritis Metabolism and Digestive Diseases (NIAMDD)
with Dr. N. Raphael Shulman as her mentor. Nenad soon was accepted as a clinical
associate at the Leukemia Service, National Cancer Institute, to work with Dr.
Edward Henderson.

Olivera started with her research on the maturation and differentiation of
megakaryocytic-platelet blood lineage and discovered the importance of the change
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of the megakaryocytic acid phosphatase isoenzyme spectrum along the lineage mat-
uration. This work was later published in Blood together with Dr. Shulman and
attracted a lot of scientific interest. Nenad implemented his experience from Malmo
and was able to define several image analysis principles that are currently in use in
digital image processing. It was an unforgettable time full of hard work, excitement,
and scientific achievements. NIH became a second home to Drs. Markovic. At that
time, they both started their doctoral dissertations.

After returning to Yugoslavia, they continued their graduate education working
with Academic Professor Dr. Stanoje Stefanovic (Nenad) and Academic Professor
Dr. Lubisa Rakic (Olivera). They both later defended their doctoral dissertations at
the University in Belgrade. Nenad also completed the requirements for subspecial-
ties in hematology and oncology. Olivera has already completed her specialization
in medical biochemistry.

Soon, Nenad was awarded the NIH Fogarty International Research Fellowship at
the National Cancer Institute, and the whole family moved again to Bethesda.
Olivera’s mentor, Dr. Shulman, offered her a position as visiting scientist to NIH. At
NIH, Nenad and Olivera had the opportunity to work together on molecular imaging
and quantitation of biologically active substances, primarily enzymes and their
kinetics inside single cells. Together with their American colleagues, they pioneered
in the application of image analysis in biomedicine. This was again a productive
time full of hard work, discoveries, and publications, but also an amazing time
working in the unique atmosphere at NIH meeting new colleagues and friends.

After the second stay at NIH, Olivera and Nenad again returned to the former
Yugoslavia to transfer their knowledge and experience in their home country. Nenad
continued with his practice, introduced the first leukemia protocols in Yugoslavia,
and became head and later director of the University Clinic for Hematology at the
University in Skopje.

Olivera developed a new clinical laboratory service at the University Children
Hospital and became chief of Clinical Laboratories.

They continued their collaboration with NIH through scientific projects and joint
programs involving young people. Nenad became the president of the Association
of Yugoslavian Oncologists. At this position, he organized the National Congress
with international participation and coordinated efforts of multiple specialists who
were involved in providing healthcare in the field of oncology to create a unique
policy that was accepted at the Congress. Later, this policy became a Resolution for
Management of Malignant Diseases declared by the Federal Assembly of
Yugoslavia.

In the follow-up to this Resolution, Drs. Markovic moved to Belgrade and Novi
Sad where Nenad started to work on the implementation of this Resolution. With the
full support of the Yugoslav Government, Nenad began developing a new cancer
institute in Novi Sad, a copy of the NCI in Bethesda. This work was fully supported
by the NCI and the US Government who prepared the feasibility study for this devel-
opment. As a part of the same concept, Olivera developed a new drug and diagnostic
test discovery and research laboratory in the University Clinical Center of the
University of Belgrade. She was promoted head of the Laboratory for Research and
Development at the University Clinical Center in Belgrade.
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They both advanced as university professors and continued their joint research,
published numerous publications, and participated as presenters, moderators, and
organizers on national and international scientific meetings and congresses. To ful-
fill the Resolution’s goals related to education, Nenad created the educational pro-
grams for undergraduate and graduate students which were adopted as the regular
curriculum for medical studies in the School of Medicine, University of Novi Sad.
Professor Dr. Nenad Markovic became the first chair of oncology in the whole of
Yugoslavia. Unfortunately, this development was interrupted by the political disin-
tegration of Yugoslavia (1990-1993), and Drs. Markovic returned to the USA where
they had established their second residency and where their children were
studying.

Between 1983 and 1993, Drs. Markovic were working on both continents being
invited as visiting professors at Penn State University, the University of Pennsylvania,
and Medical College of Pennsylvania (MCP). During that time, Dr. Nenad Markovic
developed the first English medical school at the University in Novi Sad. The medi-
cal school was organized according to the curricula of MCP and the requirement of
the ECFMG. The affiliation was built between the Belgrade and Novi Sad medical
schools and MCP, with joint academic programs and exchange of students and fac-
ulties. The contribution provided by Dr. Walter Cohen, the president of MCP, Dean
Dr. Alton Sutnick, and the chairman of the Department of Pharmacology Dr. Jay
Roberts from the US side was crucial for the success of this affiliation. The school
is still active, but the affiliation with MCP stopped by the same reason as the pro-
gram for developing a national cancer center — political interests were stronger than
the public needs for protection from cancer.

In the 1990s, the whole family moved to the USA and continued their scientific
and academic careers. Their son, Svetomir, finished medical school and graduate
school at MCP and his residency in internal medicine and hematology/oncology at
the Mayo Clinic, Rochester, MN. He continues his brilliant career as a physician
and researcher, partner, and associate professor at the Mayo Clinic. Their daughter
Mila, a talented young lady, graduated from business school and became a business
expert in the health insurance industry. She is living with her family in Toronto,
Canada. Following the tradition of her mother and grandmothers, Mila is also a
devoted parent to our grandson Michael. We are very proud of our children.

Olivera and Nenad continued working together and returned to Washington,
D.C., metro area. Nenad joined the Food and Drug Administration, and Olivera
continued teaching at universities and colleges in the Metro Area (University of
Maryland at College Park, American University, Georgetown University). Besides
basic medical science courses (biology, human anatomy and physiology, biochem-
istry, and pathophysiology), she also enjoyed teaching different health courses
(women’s health, personal and community health, drug use and abuse, and strate-
gies in stress release). Dr. Olivera Markovic is still an active professor.

In the late 1990s, Drs. Markovic became troubled by the reports of Pap test diag-
nostic failures, law suits that followed, and laboratory liability and decided to
respond to the call for improvement of Pap test technology issued by NIH, NCI
Consensus Conference on Cervical Cancer in 1996. They recognized that in their
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research, they have discovered something that might be helpful to ameliorate this
situation, and they decided to explore this option for the benefit of American women
in a short term and for the benefit of all women in the long-term planning. This is
how they began working systematically on the cervical acid phosphatase (CAP).
They found that this isoenzyme molecule is exclusively present in abnormal cervi-
cal precancerous and cancerous cells and that normal cervical epithelial cells are
entirely negative on Pap specimens. They succeeded to visualize this biomarker of
cellular abnormality as an intracellular red insoluble deposit on the bluish
Papanicolaou-stained background. Making the abnormal cells more visible with the
biomarker, they aimed to alleviate the disadvantage of Pap test related to the high
percentage of false-negative results (because of missing abnormal cells). This is
how cervical acid phosphatase-Papanicolaou test, the CAP-PAP test, was born and
patented in the year 2000. In the meantime, Olivera decided to incorporate with
BioSciCon, Inc., the R&D biotech and consulting company, to proceed with this
research. Nenad joined later.

The NIH recognized the potentials of the new test and supported BioSciCon with
SBIR Phase I and Phase II grants. Again, with the support of NIH, their alma mater,
they conducted a translational research on 2000 patients from the general popula-
tion and women at high risk and showed that the MarkPap® test (trademark for
CAP-PAP test) is more accurate, faster, and less expensive. The test was given to a
manufacturer to prepare a kit for in vitro diagnostic procedure, and the entire devel-
opment is now awaiting the FDA approval for marketing in the USA. BioSciCon,
Inc., appeared at the NIH success stories page (http://grants1.nih.gov/grants/fund-
ing/sbir_successes/155.htm).

The new biomarker also opens a new prospective for telemedicine, MarkPap®
Digital (future Tele Pap test). Using an easy-to-use MarkPap Kit, specimens can be
processed in a small laboratory or doctor’s offices by a low-trained technician or a
nurse. Since the abnormal cells are already marked red with the biomarker, the same
person could see those cells in the microscope and immediately transmit their
images to a laboratory with specialists for final evaluation. The result may be
returned within hours. It means that the Pap test could be made available around the
world bypassing the need for developing an expensive infrastructure. Drs. Markovic
are currently working on the development of MarkPap® Digital.

There is one more important barrier for providing the Pap test globally and save
women’s lives. Women do not get screened not only because there is no Pap test
accessible to them or they cannot afford it. They may have other restraints, like
cultural/religious traditions preventing them to visit a gynecologist, or they are sim-
ply afraid of a pelvic exam and feel uncomfortable with it. In the USA, there are
currently 20 million women who know about Pap test and have this test available,
but do not take it. For all of them and the women around the world, our ultimate goal
is to develop a self-sampling test, MarkPap® Self (future HomePap). It is the pres-
ence of the biomarker that opens this prospective, which has been impossible to
accomplish until now. MarkPap® Digital and MarkPap® Self are expected to make
the cervical cancer screening available to all women in the world. HPV vaccination
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and biomarker-based cytological cervical cancer screening, like MarkPap test, open
realistic hopes for the eradication of cervical cancer in the twenty-first century.

In order to accomplish this last task in their lifetime efforts, Dr. Olivera Markovic
recently incorporated with a nonprofit organization, Global Academy for Women’s
Health, Inc. (www.GAWH@markpap.com). The Academy’s mission is the advance-
ment in education and science for women’s health. The book What Every Women
Should Know About Cervical Cancer is the first accomplishment of the Global
Academy for Women’s Health, Inc.

Drs. Markovic currently reside in Rockville, Maryland, USA, and continue with
their research. Until today, they authored more than 200 publications including
books, chapters in books, invited lectures, scientific publications and presentations,
and patents. Their current activity is devoted to the research and development of
their proprietary MarkPap technology, writing and teaching, and hoping that thou-
sands of women around the world will benefit from their hard work and devotion.
This will be their legacy.

Drs. Markovic’s biographies can be found in several bibliographical records,
e.g., Marquis Who’s Who in America, Who’s Who in the World, Who’s Who in
Science and Engineering, Who'’s Who is Healthcare, Who'’s Who of American
Women, and in The International Bibliographical Centre, Cambridge, England.

The New Edition

The new edition covers the period between 2008 and 2015. This period was charac-
terized with substantial changes in concept of cancer prevention, diagnosis, and
treatment.

The mass cervical cancer screening for all 2.5 billion women at risk worldwide
became the most wanted goal, and the new technology employing electronic devices
promised that this goal could be achieved in the near future.

The basic changes and the new ideas are subject of this new edition. Indeed, it is
arevised and updated edition, but because of these new issues, it had to be expanded.

The new book contains a prologue and an epilogue, 7 chapters, many sections,
and articles. It is now enriched by original text of guidelines and images of new
technologies and PowerPoint presentations on how they work. A few videos are
added in the Annex to explain some important topics to large audiences.

Although designed as a monograph — a book presenting the personal opinion of
their authors — this edition has plenty of information presented in their genuine
form, which can be used as reference to the important topics discussed and chal-
lenged in the book.
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Readers Testimonials

I live on the south of Europe, in Belgrade, Serbia. I am not a medical doctor, but I
am witnessing tragic, horrible stories about women suffering from cervical cancer,
some of them very close to me. Serbia is a small country in Europe but, unfortu-
nately, leading in mortality and morbidity from cervical cancer. Every year 1400
women get cervical cancer, and 500 lose the battle against this disease. I also found
that the situation is the same in the wider region. Now, as the campaign for cervical
cancer prevention started, I had a chance to obtain statistical data (not only from
Serbia but for the whole region) that during the last 5 years, majority of women had
not visited gynecologists’ offices and have not had their Pap test done. In general,
about two thirds of women do not have a regular gynecological exam. The purpose
to investigate women’s health situation in my country was the book What Every
Woman Should Know About Cervical Cancer authored by Drs. Olivera and Nenad
Markovic.

Questions started to pile up, e.g., why in the country, with an ancient culture hav-
ing civilized kingdom in middle ages, whose churches and monasteries are under
the UNESCO protection, which had hospitals in the twelfth century with instruc-
tions for a proper diet, and why the health education and health culture are on such
low level. It is also a paradox that Serbia has excellent widely recognized medical
doctors and scientists, but women ask for help when the time between the diagnosis
and the end is so short. Dark and cruel Balkan history cannot be the only lasting
alibi. In my opinion, the level of health culture is due to insufficient health educa-
tion. A very thin connection exists between the elite and sophisticated science and
the still conservative population, which are not open to each other for a variety of
reasons.

Drs. Olivera and Nenad Markovic’s book is a big discovery for me. It shows how
to connect “difficult theories” of the science and “nontheoretical” mind of the
general population. Two brilliant scientists, doctors, and professors have taught us a
lesson that should be remembered. In the beginning, I scheduled doctor’s appoint-
ments for myself and started to remind other women. The acceptance was beyond
every expectation.
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The unique feature of this book is the fact that it communicates equally success-
fully with health professionals and with those who are not, systematizing and broad-
ening the professional material and, at the same time, giving to the general audience
a proper “curable dose” of facts: carefully chosen and precisely defined subjects that
expose problems and provide systematic and clear answers transfer the reader in the
zone of sufficient understanding. This book “caught” me and kept me very inter-
ested to read everything until the last page. The discovery of a biomarker of cervical
abnormality that I named B.M. “Olivera” is spreading in Belgrade because it has a
universal value.

I think that what brings an extraordinary value to this book is putting the problem
of cervical cancer on the existential level in its psychological and social aspects.
With this, the authors have created a universal matrix which unites and organizes all
elements for the fight against cervical cancer. I learned from this book, the way to
transform endless paralytic energy of fear and despair (that every diagnosis of can-
cer is a deadly verdict) into a positive energy of fighting against the disease that
creates hopes.

The problem is particularly delicate with cervical cancer which provokes multi-
ple frustrations, guilt, and shame that leads to running away from the public scene
to isolation and lowliness. The feeling of shame in a conservative environment is
stronger than the feeling of fear. The essence of the book is demystification of cervi-
cal cancer, putting it together with other diseases which can be prevented, curing
and cured IF detected on time.

With demystification of the disease, it comes to the public space where a patient
has now a chance to talk about her problems and the disease and to share her worries
with others. I have participated in this process so many times trying to give a hand
and to help being a careful listener allowing the patient to tell me what she feels
comfortable to tell. The attempt to cheer the patient, making her laugh, is sometimes
successful, but sometimes it is not. However, real stories about real people with
happy ending (particularly about women who the patient is acquainted with), a
pleasant company that redirects the attention from the disease, a gentle hug, a small
gift, a good book, or a flower would return maybe only for a moment a smile on a
patient’s face. In all these situations, I have a feeling that this support has an addi-
tional value: Those who provide support to cervical cancer patients are emissaries
of the core idea of Drs. Markovic’s book to bring encouragement and support. The
book which these authors have given us is a real friend and companion.

Professor Emeritus Prof. Dr. Smilja Tartalja
University of Belgrade
Belgrade, Serbia



Readers Testimonials XXV

Sir Francis Bacon said, “Knowledge is power,” and when talking about cancer,
knowledge brings a power that alleviates fear. After reading What Every Woman
Should Know About Cervical Cancer, 1 came away from the book with a much bet-
ter understanding of cervical cancer and with much less fear of it. As a lay person,
who is also a veteran of breast cancer, I often find that it is difficult to read and
understand medical books even when they are written for the general public.
However, I found What Every Woman Should Know About Cervical Cancer to be
highly readable. It approached the subject of cervical cancer not only from an indi-
vidual woman’s perspective but also from a global perspective of woman’s health.
It was very informative about why early detection is so vital and also presented
ways to increase early detection of cervical cancer. The book arms women with
valuable information in assessing cancer risk and common sense approaches to
understanding our physiology. Of particular interest to me was the in-depth discus-
sion of the widely available Pap test and its importance in screening for cancer,
including the history of Pap testing from its discovery in the second half of the
twentieth century to new technology such as MarkPap technology. Included in this
segment is a frank discussion of the limitations of testing procedures including the
troubling incidences of false-negative rates and ways to reduce those rates. The
book also gives recommendations for women on how to discuss Pap test results
with their doctors, something that every woman can benefit from. The book does
not stop with just the physical side of health, however. In the final section of the
book, there is a wonderful discussion of the mind-body connection and how impor-
tant a positive, healthy mind-body connection is in promoting healing. I found the
chapter on the stages of stress to be very illuminating and relevant not only for
cancer patients but for everyone. This is a book I plan to recommend to my friends
and relatives. I think it is a book that everyone would benefit from reading.

Educator Ms. Lenore Zahedi
Rockville, MD, USA



Afterword to 2008 Edition

The manuscript for the book What Every Woman Should Know About Cervical
Cancer was submitted for publishing on September 30, 2007. The next month, the
2006 Consensus Guidelines for the Management of Women with Abnormal Cervical
Cancer Screening Tests were published in the October issue of the Journal of Lower
Genital Tract Disease and in the October 2007 issue of the American Journal of
Obstetrics and Gynecology.

The major difference between these 2006 Guidelines and the previous 2001
Guidelines, recommended by the same consensus conferences, is (1) the introduc-
tion of HPV DNA testing in the primary screening for cervical cancer and (2)
adjustments made in the management of women with HPV DNA +/- tests. The
adjustments were necessary to limit the fast-mounting cost of cervical cancer
screening caused by the HPV testing. It is important to note that the authors of this
clinical practice guidance document in the preamble stated clearly “these guidelines
should never substitute for clinical judgment” giving back the power of decision to
doctors and ultimately to patients themselves. This statement is a great support to
our book and to our objective to help women understand the value of testing and
medical options and to become educated patients who could contribute to the right
diagnosis and treatment of their own conditions.

In the follow-up, along with the promotion of HPV testing, many limitations
were noted, and the regulatory agencies (FDA, CDC), professional societies (CAP,
ASC, ASCP), and even manufacturers of HPV vaccines and HPV tests indicated
that the annual cytological testing should be considered as the gold standard not as
an unnecessary alternative to the more complicated new testing. The American
Cancer Society (ASC) acknowledged the HPV testing, but did not change their
2003 ACS Guidelines for Early Detection of Cancer, where Pap test (cytological
screening) is the pivotal laboratory instrument to measure women’s risk for cervical
cancer.

The introduction of HPV DNA testing into the primary screening has brought
one big accomplishment; the Pap test is again recognized as the best test for cervical
cancer control worldwide. Together with HPV vaccination (cancer prevention), the
Pap test is becoming our hope for eradication of cervical cancer in the twenty-first
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century. This change of perception has set aside the work of WHO, IARC Cervical
Cancer Screening Group, PAHO, PATH, JHPIEGO, and other members of the
Alliance for Cervical Cancer Prevention who considered Pap test as an unaffordable
luxury for cervical cancer screening in low-resource countries and recommended
alternative methods such as visual inspection with acetic acid (VIA), DNA HPV
testing alone, and/or one-visit screen-and-treat approaches. Now, Pap test (cytologi-
cal cervical cancer screening) is again the first priority, but the new question is what
type of primary screening to be used. All of these options are addressed in our book.

Another major event, already discussed in this book, was the introduction of
HPV vaccines (Merck’s Gardasil and GlaxoSmithKline’s Cervarix). This accom-
plishment has risen hopes that cervical cancer could be prevented by global vaccina-
tion (eliminate the HPV viral strains that can cause cervical cancer by eliminating
them from the population), and a lot of money and effort was given to recruit people
worldwide to accelerate the access of vaccines to the developing world.

The difference, between the day the manuscript for this book was submitted and
the day it is published, was made by an enormous effort given to support those uni-
versal noble hopes. Supported by Melinda and Bill Gates Foundation, PATH has
launched worldwide marketing to raise awareness of the preventability of cervical
cancer deaths among all women in the world (1.7 billion at risk). A Call to Stop
Cervical Cancer, which has been a logo for this campaign, is now beginning to
institutionalize these activities into marketing entities coordinated by PATH. More
information is available at http://www.cervicalcanceraction.org.

We have joined the campaign Call to Stop Cervical Cancer with a wish to con-
tribute to this noble cause providing women with evidence-based information,
which could educate them for making better decision about their own protection
from cervical cancer.

Namely, stopping cervical cancer with vaccination, today, is only a wish until
more effective vaccines are developed. Current vaccines cover only four HPV
strains (out of at least 100) and are intended only for sexually naive girls. Once
infected with HPV, a woman remains infected for life with a weak natural immunity
that clears the clinical signs until reinfection or reduction of immunity occurs. The
current vaccine cannot add to or change this immunity. New vaccines are necessary.
We hope that in the twenty-first century, these technical barriers will be overcome
and there will be vaccines for all types of HPV and vaccines or other immunothera-
pies for noninfected and infected women alike; but, this time has not come yet, and
a caution is needed to prevent general public disappointment (with all negative
repercussions) when vaccinated women will start getting cervical cancers. To pre-
vent this disappointment, all agencies involved in cervical cancer prevention and
control insist on keeping cervical cancer screening programs alive for the next 10,
20, and more years

On the 4th of February, World Cancer Day, the International Agency for Research
on Cancer (IARC) has published the 2007 Annual World Cancer Data Update and
2008 Cancer Challenges. The first, among General Challenges, is “To prevent those
cancers that can be prevented.” Two specific priorities are also related with cervical
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cancer, “To implement what is known to reduce risk” and “To develop concerted
action against cancer of the cervix.”

The call for “concerted action” was long due. Today, we have available tools for
successful cervical cancer control (cytological screening in different versions), and
tools for cervical cancer prevention are in the beginning of promising development
(HPV vaccination), but we lack a substantial progress in cervical cancer therapy —
surgical removal of early lesions that could develop into cancer is still the only
therapy providing cure. This is why IARC is highlighting cervical cancer prevention
and control.

The Call to Stop Cervical Cancer is also dedicated to prevention and control.
The programs for development of new vaccines and programs to increase the aware-
ness of vaccine protection are under way and well organized. Cervical cancer con-
trol is entangled with some confusion because of different options. The major
dilemma is which examining procedure and what type of laboratory technique to
recommend for mass cervical cancer screening worldwide. The stance of this book
is to keep the tradition until the new option proves its superiority. It means regular
annual cervical cancer screening with a biomarker-based cytological test, similar to
the conventional Pap test or liquid-based Pap with HPV testing in addition (if
necessary).

We see our contribution in this direction with the development of Home Test and
MarkPap® Digital, two options available only because of our biomarker previously
discussed in this book. We also believe that the medical device industry and the
healthcare providers will join our vision to do whatever is possible:

* To make the collection of material and primary screening more affordable and
more comfortable for every woman via development of new devices (e.g., Home
Test)

* To improve the accuracy of diagnosis by introducing telecytopathology digital
screening procedures (based on biomarker-based cytology, digital imaging, and
online communication) between field sites where specimen is taken and pro-
cessed and the remote screening sites where digital images of positive specimens
are examined

In addition to the better and new HPV vaccines, we expect these two accomplish-
ments, Home Test and Digital Screening, to become operational new tools for
response to the unmet goals summarized in the Call to Stop Cervical Cancer in the
twenty-first century.
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Introduction 2016

A woman should know that she could change her
destiny, if she wishes and if she has the knowledge
and tools to do so.

This book is about educating women how to gain knowledge which will empower
them to better control their own destiny and the destiny of their children and family
at large.

I am a medical doctor practicing internal medicine, hematology, and oncology
for more than 40 years, who has spent the recent 20 years in the field of cervical
cancer because my wife, Dr. Olivera Markovic, has discovered that female cervical
epithelium contains a bioactive protein (biomarker) which may lead and help them
to conquer the fear from cervical cancer, and we together decided to devote our lives
to bringing this biomarker to benefit all women.

During this period, I’ve seen thousands of women coming to my office for help
because of their concerns, fears, and physical and psychological problems mostly
related to cancer. Very early, I learned that the best way to deal with their problems
is to hear the patient’s complaints, to examine carefully, and to teach them to under-
stand the cause of their concerns and to help them decide the best treatment approach
available. I also found how much profound knowledge of the human soul Hippocrates
of Kos had (ca. 480-375 BC) who wrote, “In practicing his profession, a doctor can
rarely cure, could improve the condition many times, but always must help those
who ask for help.”

Dr. Olivera Markovic is a medical doctor and a Ph.D. in biochemistry, who was
practicing laboratory medicine, but has devoted the last two decades of her profes-
sional career to cancer research. She is also a lifetime educator teaching basic medi-
cal science, science, and health-related courses. During the recent years, she has
taught women’s health and related courses at local colleges and universities in the
greater Washington, D.C., metro area, where she learned how her students were
unprepared for health challenges the adult life is bringing to them and learned how
focused education could be both appreciative and successful.

XXXiX
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When, because of the biomarker, we both dedicated our lives to women'’s health,
we realized that the best way to accomplish new goals is to combine our research in
bringing this biomarker to benefit all women with an appropriate education to help
them understand better the beauty and the risks of being a woman in the modern
world and the opportunities that all women have to protect themselves from cervical
cancer. It is sad and unacceptable that millions of women, mothers, wives, sisters,
daughters, and granddaughters, still die from a preventable disease in the twenty-
first century.

In the period when we were in dilemma what to do first came the 2006
Experimental Biology Meeting in Washington, D.C., where we met the Springer
representative Ms. Christine dos Santos who inspired us to write a book for Springer
who will make it available to all women worldwide.

In the meantime, a major change in the strategy for prevention of cervical cancer
occurred. Two pharmaceutical giants, Merck and GSK, developed vaccines to
immunize women against oncogenic strains of HPV. This achievement has raised
hopes for more effective protection from cervical cancer. However, since there is a
long way to go to reach those hopes (decades), in the meantime, the newest strategy
for cervical cancer prevention placed the emphasis on the motto no women should
be left without cytological screening protection. Today, cytological screening for
cervical cancer (Pap test) is not widely available. Only less than 10 % of 1.7 billion
women at risk have the opportunity to use this test in their developed and resource-
ful countries. The rest, most of them living in low-resource developing countries,
does not have this opportunity. The World Health Organization and many govern-
ments all over the world are aware of the problems and are struggling to find ways
to protect their female population with less expensive screening — but all efforts to
replace the standard Pap test have not yet produced convincing results. The alterna-
tives have not been shown to be at least not worse than the cytological testing.

Nevertheless, the news about vaccination has spread among women who are now
increasingly asking whether, when, and how to immunize themselves and their
daughters against cervical cancer. Because of the inaccessibility of the best cyto-
logical test, the cost of vaccination, uncertainty of long-term protection, ineffective-
ness in all cancers, and many still unresolved questions but great hopes, the public
is alerted, and women are upset which way to go and how. This is a perfect environ-
ment for a book like ours to bring a comprehensive insight to the problems as a basic
knowledge and reference to websites where women will be able to follow the
updated information.

Finally, because of the grave prognosis of cervical cancer, if not detected and
treated on time, and the opportunity for cure if detected, and the early detection of
cervical cancer or precancerosis, the Pap test became one of the most regulated
medical diagnostic tests in the history. In addition to federal regulations (CLIA*88
and amendments), many consensus conferences issued guidelines and guidance for
medical procedures designed for early detection of cervical cancer and for products
to be used in those procedures. All these documents are in public domain and are
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available for review on the Internet. As much as this “openness” is important for
public education, reading this literature without prior knowledge could be a source
of unnecessary misunderstanding, frustration, and pain for readers. Our book will
try to provide women with the basic knowledge, so they will read medical informa-
tion with better understanding and, hopefully, will not regard the current medical
strategies as biblical cannons, but as temporary recommendations made by groups
of experts based on their best knowledge and understanding. Emphasizing the tran-
sition of rules, we would like to open a window that neither bad diagnostic news are
always bad as they look nor the good news should always be accepted as a total
relief — a certain degree of uncertainty must always be present and second opinion
asked. This makes the difference between educated and non-educated patient and
could be of importance for women to better protect themselves in their lifelong
struggle to avoid cervical cancer or to cure it if the first goal was not achieved.

In the period between the two editions of this book, the clinical trials have
become an important medicolegal tool for proving the safety and efficacy of the new
medical devices and became the important criterion to measure the compliance of
the healthcare service delivery.

Most of those clinical trials were designed as FDA Clinical Trial Phase III in
which the new method/device was tested upon a well-establish and validated method
versus a standard control method/device with intention to obtain objective data of
the new device superiority, equivalence, or inferiority to the standard device.
Standard statistical models were established and applied correctly.

The problem, however, rises with the control devices (used as standards).

While Pap test was clearly superior if measured with clinical outcomes (robust
endpoints), many of the new devices have shown superiority in some or more labo-
ratory and/or image parameters (surrogate endpoints) and, consequently, were
approved for addition or even for alternative to Pap test.

This new policy has introduced more confusion than help, and comparison
between screening or therapeutic methods and device supporting those methods
became less clear.

This issue, with an attempt to clarify the truth, is discussed in the new edition.

As declared in the beginning, the new edition is the revised and upgraded first
edition, which has been extended with several new issues; in particular, the empha-
sis was given to the New Strategy for Mass Cervical Cancer Screening Worldwide
and to tools necessary to enable healthcare providers to implement this new
strategy.

For the first time, this book treats the economic factors influencing mass cervical
cancer screening and provides solutions on how to fund the crucial outreach of
above 50 % of women at risk. This addition is important because it erases some of
the myths that are holding wider application of screening methods in low- and
middle-income countries; nonetheless, these countries have most needs for health
assistance. In lieu of this view, our book could be considered as a contribution to the
global efforts to reduce health discrepancies.



Chapter 1
The Female Reproductive System in Health
and Disease

1.1 Basic Anatomy of the Female Reproductive System

Introduction to the structure of individual organs of the female reproductive system:
Ovaries (egg and ovulation, the corpus luteum). Fallopian tubes. Uterus: The upper part,
the body of the uterus (corpus uteri). The lower, narrower part of the uterus is called
cervix of the uterus (cervix uteri). Structure of the uterus. Vagina, vulva and perineum.
Supportive tissues.

1.1.1 The Ovaries

The ovaries are two small oval, almond-shaped glands (4x2x 1 cm) located in the
pelvic portion of the abdomen on either side of the uterus (Fig. 1.1a, b). They are
attached to the uterus and the body wall by ligaments. Ovaries produce eggs, e.g.,
“ova” and secrete female sexual hormones estrogen and progesterone. The ovaries
are covered by a single layer of epithelial cells and beneath this layer ova are pro-
duced. The baby girl is born with about 60,000 ova. Each of these ova has the poten-
tial to mature, but only about 400 of them mature for fertilization during women
lifetime. The process of maturation takes place in a small sack with cells filled with
fluid that is called ovarian follicle. As the ovum matures, the cells in the follicular
wall start secreting estrogen. When the ovum matured, the follicle ruptures and
expels the ovum out of the follicle. This process is called ovulation. The ovum is
then swept into the fallopian tube and starts its journey towards the uterus. After the
ovum has been expelled, the remaining follicle is transformed into yellowish body
called corpus Iuteum. This structure continues to secret the hormone estrogen, and
starts secreting the other female hormone, progesterone. In case the egg is fertilized
it continues hormonal secretion for the next 3 months, when the placenta takes over;
if fertilization does not take place, corpus luteum degenerates (Fig. 1.1a, b) [68, 80,
87, 158].

© Springer Science+Business Media B.V. 2016 1
N. Markovic, O. Markovic, What Every Woman Should Know about
Cervical Cancer, DOI 10.1007/978-94-017-7560-1_1
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Fig. 1.1 Anatomy of the female genital system: (with permission of the McGraw Hill Companies).
(a) Front view; (b) Profile; (c) External view; (d) Female reproductive physiology: The cycle of
ovulation and menstruation (Prints are from the book Human Physiology by Stuart Ira Fox, 6th
edition, McGraw Hill Publisher, 1999)
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1.1.2 Fallopian Tubes

Fallopian tubes (the oviducts) are funnel-shaped 12.5 cm long muscular tubes that
lie in the pelvic portion of the abdominal cavity, reaching from the ovary to the
upper part of the uterus (Fig. 1.1a, b). The ovarian end of the tube contains finger-
like projections that sweep the ovum and the tube then carry it to the uterus. The
lining of the tube is made of ciliated columnar epithelium and secretory cells. The
beating cilia and peristalsis help move the ovum toward the uterus. After sexual
intercourse, sperm swim up from the vagina, through uterus into the tubes and this
is the place where the ovum meets with sperms and where the fertilization takes
place. The secretions are nourishing the egg until it reaches the uterus (Fig. 1.1a, b)
[50, 68, 80, 87, 158].

1.1.3 The Uterus

The uterus (the “womb”) is a pear-shaped muscular organ (7.5' 5.0’ 2.5 cm) located
in the pelvic cavity behind the bladder and in front of the bowel (Fig. 1.1a, b). The
wider upper portion of the uterus is called corpus uteri (the body of the uterus). The
lower, narrower part of the uterus is called cervix uteri (neck of the uterus). It is a
narrow 2—4 cm long cylindrical part of the uterus. The uterine cavity continues as
the cervical canal, which opens into the vagina. The internal ostium (isthmus) of the
cervix is where cervix opens into the uterus, the external ostium is where cervix
opens into the vagina (Fig. 1.1a, b).

The uterus is composed of three layers. The endometrium (inner layer-lining of
the uterus), the myometrium (thick smooth muscular layer) and perimetrium that
covers the exterior of the uterus. The lining of the uterus is a specialized epithelium
which is involved in menstruation.

The endocervical (inside cervix) lining is with cylindrical epithelium. However,
there is a histological transition of the cervical epithelium along the cervical canal.
It is called transitional zone between endocervical and endometrial epithelium
(towards the internal ostium), and between endocervical and vaginal epithelium
(stratified squamous epithelium, towards the external ostium). These transitional
zones are usually the place where the abnormalities start. Cervical mucus is pro-
duced by the secretory cells of the endocervical glands. Cervical epithelium and the
cervix also change during the menstrual cycle.

Supporting tissues, ligaments keep the uterus and the tubes in place. In most
women the uterus is oriented forward at a ninety degree angle to the vagina [14, 50,
68, 80, 87, 158].
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1.1.4 The Vagina

The vagina is a muscular tube, about 7.5 cm long connecting the uterine cavity with
external genitals (Fig. 1.1a, b). The vaginal wall consists of three layers: The inner
lining of stratified squamous epithelium, a thin smooth muscular and the outer layer.
The lining of the vagina is a wrinkled mucus membrane supplied with numerous
blood vessels, where extra blood is pumped when a women is aroused during inter-
course. The folds permit enlargement during childbirth. The vagina also is an outlet
for blood during the menstruation. A fold called hymen is found at the opening in
virgins. Just above each side of the vaginal opening there are two vestibular glands.
They secrete mucus at the opening of the vagina [50, 69, 87].

1.1.5 The Vulva and the Perineum

The external parts of the female reproductive system are vulva which consists of
several female organs (Fig. 1.1c). This includes: a small pad of fat which protects
the pubic bone and twofolds called labia major that protect the inner genitals. Just
inside labia major, there are “small lips”, labia minor, which enclose the opening of
the vagina. At the upper end is clitoris, a very small sensitive organ with numerous
nerve endings, which fills with blood when a woman is sexually aroused. The orifice
of the urethra, coming from the bladder, is located above labia minor. In the back,
near the anus labia minor merge with the labia major. In front they converge to form
a hood-like covering of the clitoris. Before starting sexual activities, virgins have a
fold of membrane called the hymen found near the vaginal canal opening. The
entire pelvis floor is called perineum (Fig. 1.1c¢) [50, 68, 80, 158].

1.2 Basic Physiology of the Female Reproductive System

Female hormones, menstrual cycle, pregnancy and menopause.

1.2.1 Female Hormones

It is very important to understand the normal function (physiology) of the female
genital system in order to understand the diseased states (pathology).

The main female hormones are estrogen and progesterone. They are produced
within the ovaries and will be described in the next section. Estrogen and progester-
one, like all hormones, do not function alone but are under influence of other hor-
mones: They are controlled by the hormones in the anterior pituitary gland
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(follicle-stimulating hormone-FSH and luteinizing hormone-LH) and are regulated
by the hypothalamus. Hypothalamus is a part of the brain serving as a body’s ‘ther-
mostat’ and controlling many other important functions in the body. Gonadotropin
releasing hormone—GnRH is secreted in the hypothalamus and controls the female
hormone balance (activates the FSH an LH) from the anterior pituitary glands. All
these hormones decrease and increase in a regular rhythm during the menstrual
cycle (Fig. 1.1d) [30, 68, 78, 79].

1.2.2 The Menstrual Cycle

The normal menstrual cycle lasts 28 days at average, ranging between 22 and
40 days, counting the day one from the beginning of the menstrual flow. The changes
(different phases) that appear in the uterus corresponding to the phases in the ova-
ries and the changing levels of ovarian hormones are presented on Fig. 1.1d.
Hormones coordinate the ovarian and uterine menstrual cycle preparing the uterine
lining (endometrium) for implantation of the fertilized egg and future embryo. The
first episode of menstrual bleeding that female experience during puberty is called
menarche. Puberty generally begins between 11 and 13 years of age and is com-
pleted by 16 years of age.

Uterine Phases In the absence of fertilization, the first phase of the uterine cycle is
menstrual flow phase, during which menstrual bleeding occurs because of the shed-
ding of the endometrium that is no longer necessary. Then the thin remaining endo-
metrium begins to regenerate from its base and thickens — this is the proliferative
uterine phase. The next uterine phase is the secretory phase, when the endometrium
continues to thicken, become more vascularized and develops glands that secrete
fluids rich in nutrients to protect the fertilized egg. If fertilization and implantation
did not take place, a new menstrual cycle commences (new menstrual flow phase)
marking the day one of the next cycle. Each month the body prepares the uterus to
accept the fertilized egg and all the effort is “vested” if the fertilization did not take
place.

Ovarian Phases Paralleling the uterine cycle is the ovarian cycle. It begins with the
follicular phase. Among several follicles that start to grow in this phase, only one
continues growing, enlarges and matures (Graafian follicle). The maturing follicle
develops an internal fluid-filled cavity and secretes the estrogen. The length of this
phase varies between women, even between cycles, but usually lasts 7-14 days and
parallels the proliferative uterine phase. At the end of this phase, the follicle ruptures
releasing the egg cell — this process is called ovulation and the next ovarian phase is
called ovulatory phase. The follicular tissues that remains in the follicle after ovula-
tion is transformed in a yellowish endocrine structure, the corpus luteum, that
secrets progesterone and estrogen during the next phase called luteal phase of the
ovarian cycle, which parallels the secretory uterine phase. This phase lasts
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13-15 days in the absence of fertilization. Degeneration of the corpus luteum at the
end of the luteal phase reduces the amount of hormones available to the uterus, the
endometrium starts to shed marking again the day one of the next uterine cycle. In
the event of pregnancy, the corpus luteum continues to grow and produces hor-
mones, which together with other hormones prevent the loss of endometrium.

Fluctuation of the Ovarian Hormone Levels There are two phases: Estrogen and
progesterone phase. Estrogen is secreted in increasing amount by the maturing fol-
licle during the ovarian proliferative phase and is stimulating the uterus to prolifer-
ate and thicken (proliferative uterine phase). As it can be seen on Fig. 1.1d, the
follicular phase of the ovarian cycle is coordinated with the proliferative phase of
the uterine cycle and before the ovulation the uterus is already prepared for the pos-
sible embryo. After ovulation, estrogen and progesterone secreted by the corpus
luteum stimulate further development of the uterus and growth of the endometrial
glands secreting nutrient fluid that can sustain an early embryo before it implant into
the uterus. As it can be seen (Fig. 1.1d) the luteal phase of the ovarian cycle corre-
sponds to the secretory phase of the uterine cycle. In the absence of pregnancy, the
rapid drop of ovarian hormones and corpus luteum disintegration corresponds to the
end of secretory uterine phase and the beginning of menstrual flow phase that is the
beginning the next cycle. Cycle after cycle, the maturation and the release of egg
cells from the ovary is integrated with changes of the uterus necessary for preg-
nancy in case the egg is fertilized.

The fluctuations in the levels of other three hormones (FSH, LH, GnRH) control-
ling the female hormones also occur during the cycle. Early in the menstrual cycle
GnRH increases stimulating the release of FSH and LH. LH and FSH secretion
increase rapidly just before the ovulation (FSH and LH surge) and then decrease
after ovulation.

Cervical Changes During the Menstrual Phases.

The cervical mucosa and the cervix also change during the menstrual phases. The
ostium that opens into the vagina progressively widens during the proliferative
phase, reaching maximal width before ovulation, and then returns to a smaller diam-
eter again [30, 68, 78, 79].

1.2.3 Pregnancy

The pregnancy begins with the fertilization of the ovum. The sperms deposited into
the vagina travel towards the uterus and fallopian tubes, where the fertilization (the
union of the sperm and the egg cell) is taking place. This new cell is now called a
zygote. The cell starts to divide immediately and it is pushed by the cilia lining the
fallopian tube and the peristalsis of the tube. After reaching the uterus the little ball
of cells (ovula-blastula) is implanted in the thickened uterine endometrium. After
implantation the zygote becomes embryo. The outer layer of the ball sends projec-
tions (villa) into the uterine wall what is the beginning of the placenta. This is a new



8 1 The Female Reproductive System in Health and Disease

organ that serves for nutrition and excretion of the embryo by means of exchange
between the blood of the mother and the blood of the embryo through the capillaries
of the placental villa. The umbilical cord is soon developed (between the fetus and
placenta) that contains two arteries and one vein carrying the blood to the placenta
and from the placenta to the embryo bypassing its lungs. After the third month of
pregnancy, the developing embryo is called fetus.

The placenta is also an endocrine organ. Soon after implantation the placenta
starts to secrete a hormone human chorionic gonadotropin (hCG). This hormone
stimulates corpus luteum to prolong the secretion of estrogen and progesterone for
3 months when placenta is taking over the production of both estrogen and proges-
terone. Both hormones are essential for the further maintenance of pregnancy.
However, the period during 11th/12th week of pregnancy, when corpus luteum dis-
integrates and the placenta becomes hormonal producer is critical for miscarriage.

During the period of gestation the fetal organ and organ systems are formed and
continue to mature. It normally requires 9 months (three trimesters, 266—-280 days)
from fertilization of the ovum to birth. Usually, the period is divided into three tri-
mesters. The amniotic sac, filled with amniotic fluid surrounds the fetus and protects
from mechanical traumas. At birth, the amniotic sac ruptures (“water brake”) that
mark the beginning of delivery [50, 68, 142].

1.2.4 Menopause

Menopause is the cessation of the menstrual cycle. The period from the onset of
irregular cycles to their complete cessation is called perimenopause. Menopause is
anormal period in women’s lives, which occurs between the ages of 45 and 58. It is
caused by decline of the ovarian function, with gradual decrease of estrogen and
progesterone leading to considerable changes in the woman body. Ova are not pro-
duced anymore and a woman is not anymore capable of becoming pregnant.
Although frequently followed by different unpleasant symptoms (e.g., hot flashes,
irritability, anxiety, or more severe emotional disturbances), it should be considered
as temporary and normal condition. Hormone replacement therapy (HRT) that has
been given to women because of the beneficial effects on cardiovascular system and
osteoporosis as well as decreased hot flashes, is no longer recommended because of
a danger of development of uterine and breast cancers, as well as thrombosis and
embolism. HRT, originally given as estrogen only and later combined with proges-
terone (to lessen the side effects) is still controversial and, if given, must be moni-
tored by the ordering physician. Many women decide not to take HRT and live
fulfilling lives using regular exercise and additional calcium to strengthen the bones
and the cardiovascular system. Some of them reach maximum in their intellectual
and professional lives in this period since, after raising their children, they can
devote their time and energy to themselves. It is also important that women should
not perceive the menopause as the end, rather the new beginning [78, 79, 142].
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1.3 An Overview of the Most Common Women’s Diseases

Introduction to most common gynecological diseases other than cervical pre-carcinomatosis
and cancer, which are elaborated in Chapter 2. Menstrual disorders, infertility, common
vaginal and cervical infections, pelvic inflammatory diseases (PID). Sexually transmitted
diseases: Diseases caused by bacteria (gonorrhea), spirochetes (syphilis), chlamydia infec-
tions, viral infections (Herpes, human pappiloma virus [HPV ], acquired human deficiency
syndrome [HIV and AIDS]) and protozoal infections (trichomonas). Benign and malignant
tumor of the woman’s reproductive system.

Menstrual cycle can be disturbed by many factors. Even stress, psychological
pressure of any kind, a change of health status, change of living habits (travels,
change of work shifts) may influence the menstruation.

1.3.1 Menstrual Disorders
1.3.1.1 Amenorrhea

Amenorrhea means the absence of menstruation. It can be a primary amenorrhea,
when a woman will not begin with menstruation at puberty, or secondary amenor-
rhea if a woman has had normal menstrual cycles and later stops menstruating.
Causes of amenorrhea are connected with many different factors related to pituitary
gland hormones, ovarian and uterine causes. The treatment is directed toward the
etiology of the disease, e.g., pituitary tumors, ovarian tumors or abnormal ovarian
hormone secretion (e.g., polycystic diseases). However, it should not be forgotten
that temporary amenorrhea was seen among normal women — athletes and dancers
during rigorous exercise, stress and under conditions noted in the previous para-
graph. Furthermore, examples of physiological secondary amenorrhea are preg-
nancy and menopause [50, 110, 111].

1.3.1.2 Dysmenorrhea

Dysmenorrhea denotes painful or difficult menstruation. It may vary from a discom-
fort on the first days of their period and then subside when the flow is established,
About 50 % young women may experience a pain that do not interfere with their
normal activities, and about 10 % have cramps that keep them at home. It is rarely
associated with nausea, headache, diarrhea that last 1-2 days. Usually, no treatment
is necessary. It is called primary dysmenorrhea, without a known physical cause.
Dysmenorrhea usually decreases after age 20 and almost disappears after the first
childbirth, because of the dilation of the cervical canal. Primary dysmenorrhea usu-
ally does not require treatment, however non-steroid anti-inflammatory drugs (com-
monly called NSAIDs) like Aleve, Advil may be used, if a woman is not sensitive to
aspirin or other anti-inflammatory drugs.
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Secondary dysmenorrhea is menstrual pain for which an organic cause exists.
Causes may be connected with endometriosis, uterine tumor, fibroids, cervical ste-
nosis (narrowing) or pelvic inflammatory disease (PID, see further). Therapy should
be directed to remove the cause of dysmenorrhea [128].

1.3.1.3 Abnormal Uterine Bleeding

Abnormal uterine bleeding can appear as excessive menstrual flow on regular men-
struation dates or irregular bleeding in between menstruation dates. The first may
cause anemia, and the second may be a sign of non-effective ovulation (non-
ovulatory cycles), hormonal disturbances or more serious disease that needs medi-
cal attention. Any, even discrete, bleeding (spotting) after cessation of menstruation
may be a sign of a serious disease and a woman should seek doctor’s advice [110,
128].

1.3.1.4 Premenstrual Syndrome (PMS)

PMS is a state of irritability, depression and nervousness, mood changes, bloating
or sleeplessness that preceded menstruation. Usually one of those symptoms is
present. Many women experience a tension, but most of them occupied with every-
day duties and responsibilities handle this situation well. It is still a controversial
condition, because the precise definition has not been established, the symptoms
vary between individuals, cannot be easily monitored and the cause is not known.
Hormonal factors (a hormone called prolactin) and serotonin (a chemical messenger
in the brain) are some of the factors that may be involved in PMS. There is no labo-
ratory test for this condition.

Concerning treatment, simply reducing caffeine, alcohol, sugar intake (cookies,
chocolate) may alleviate symptoms, Avoid salty food to decrease your tendency to
bloat. Exercise regularly. Substances called endorphins, natural opiates produced in
your brain during exercise may make you feel better. Vitamins (particularly B6 and
vitamin E) are also recommended. There are attempt to treat PMS with hormones
(progesterone and birth control pills), but regard PMS as a condition, not a disease
and handle it as simple as possible [81].

1.3.2 Other Disorders
1.3.2.1 Infertility
A couple is said to be infertile if pregnancy does not result after 1 year after normal

sexual activity without contraceptives. About 25 % couples experience infertility at
some point of their reproductive lives. The incidence of infertility increases with
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age. Combination of factors leading to infertility is most frequently common,
although about 40 % male partners contribute as a cause.

Infertility may be caused by many different factors such as past infections, endo-
crine disorders, abnormalities of the structure and the function of individual organs,
or psychogenic factors. Each of these disorders can be tested and determined the
actual cause of women infertility. It is, however important to test the male partner
and exclude status, since male infertility is easier to determine (spermogram). There
is an established diagnostic survey with first and second testing cycles. Treatments
of infertility have advanced very much, and with the new in vitro fertilization meth-
ods available, a women who is determined to be a mother, if persistent, will most
likely fulfill this eternal role of motherhood [110].

1.3.3 Common Infections in Women
1.3.3.1 Candida (Yeast) Vaginal Infections

Candidiasis is provoked by a fungus Candida albicans. Candida may be found as a
normal vaginal flora, but in healthy women with acidic vaginal fluid does not cause
problems. Candidiasis is transmitted with sexual contact, but it is not considered as
a typical sexually transmitted disease. It can appear during diabetes, pregnancy,
after prolonged use of broad spectrum antibiotics, or if the immune system is weak-
ened (e.g., by HIV virus, chemotherapy). It is estimated that about 75 % women
have vulvovaginal candidiasis during their lifetime. Symptoms are discomfort, itch-
ing with white curd-like vaginal discharge. Treatment is local (nystatin) and system-
atic, when necessary (fluconazole) [110, 142].

1.3.3.2 Vaginitis and Vaginosis

Bacterial vaginitis is inflammation and infection of the vagina. It is a common gyne-
cological problem caused by variety of pathogens. Causes may include candida
vaginitis, trichomonas vaginitis and HPV vaginal infection (vaginal warts) and dif-
ferent STDs, which are separately described in this book.

Bacterial vaginosis is considered a polymicrobial disease which is not sexually
transmitted. It is an overgrow of normal vaginal bacteria (e.g., Garnerella).
Symptoms include malodorous discharge and discomfort, burning or itching in the
genital area.

Vaginosis may or may not be combined with vulvitis (inflammation of the vulva)
or urethritis (inflammation of the urethra). It is easily healed with local treatment
(vaginal creams and gels) or if it is necessary systemic treatment with metronida-
zole or clindamycin, if necessary [110].
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1.3.3.3 Cervicitis

Acute cervicitis is the inflammation of the cervix. It is caused by local infections
(streptococcal, staphylococcal, enterococcal), a part of sexually transmitted dis-
eases (e.g., infection by Naisseria gonorrhoeae or Chlamydia trachomatis) or her-
pes viruses. Cervicitis may also be a symptom of vaginitis or pelvic inflammatory
disease. Signs and symptoms are vaginal discharge (can be purulent and profuse),
backache, pain during intercourse, bleeding after intercourse, frequent and painful
urination (usually because of the inflammation of the urethra—urethritis), burning or
itching in the genital area. There may be slight elevation of the temperature.
Diagnosis is made by pelvic exam (red edematous cervix) and bacteriological
examination of the swabs taken from the cervix. Your physician may also take Pap
test to rule out pre-carcinomatosis or cancer. Treatment consists of limitation of
pelvic activity and appropriate antibiotic or antiviral therapy.

Chronic cervicitis is usually minimal, asymptomatic and not clinically apparent.
Most frequently an erosion can be found, or cervical ulcer may appear, which are
visible during pelvic exam. In this case there are symptoms as vaginal discharge
(yellowish, white, thick), postcoital bleeding, backache, urgency and frequency of
urination.

In case of chronic cervicitis it is important to exclude dysplasia or malignant
process. Pap test should be performed, and biopsy in any suspicious area. The ther-
apy of chronic cervicitis are antibiotics directed specifically towards the pathogen
that is found on microbiological analysis (cervical culture) [54].

1.3.3.4 Nabothian Cyst

A Nabothian cyst (the name came from anatomist Naboth) looks like a small fluid—
filled lump on the cervix. It appears when the canal of small mucus cervical glands
became obstructed and the mucus can not be drained normally. The Nabothian cyst
is frequently seen during the pelvic exam and usually does not require any treatment
[50, 66].

1.3.3.5 Pelvic Inflammatory Disease (PID)

PID is a polymicrobial infection of the female pelvic organs. It usually involves
vagina, cervix, the body of the uterus, uterine tubes or ovaries. This infection may
extend from the reproductive organs to the pelvic cavity, and may involve the peri-
toneum. It can be caused by many microorganisms, but chlamydia and gonococci
are usually the initial cause. It can also be caused by endogenous organisms, includ-
ing anaerobes. PID is most common in young sexually active women with multiple
partners. Early symptoms are vaginal and cervical purulent discharge and pelvic
pain, with or without chills, fever and/or disturbed menstruation. Untreated PID
may lead to sterility.
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It is a serious disease and timely antibiotic treatment is very important to stop the
spread of PID. With the lack of treatment it is a lifethreatening disease. Hospitalization
may be required for intravenous application of antibiotics. General measures, e.g.,
bed rest and adequate intake of liquids is required. Sometimes even surgery may be
needed [65, 110].

1.3.4 Sexually Transmitted Diseases

This chapter will give an overview of the most frequent sexually transmitted dis-
eases. These are diseases that are transmitted by intimate sexual contact between
individuals and include the major venereal diseases as Chlamydia infection (non-
gonococcal urethritis/vaginitis), gonorrhea, trihomoniasis, genital herpes, genital
warts, syphilis and acquired immunodeficiency syndrome (AIDS). Bacteriological
examination of a vaginal secretion (either direct microscopic examinations or
stained preparations) and bacterial culture reveals the cause of infection. Common
symptoms are discomfort, pain, itching, burning and the inflammation of vagina.
Urethra is also affected with symptoms of disturbed urination — dysuria (burning,
pain, frequent urination and tenesmi). Pelvic exam should be performed to exclude
PID [40, 81].

1.3.4.1 Gonorrhea

Gonorrhea is a sexually transmitted disease caused by a bacterium Neisseria gon-
norhoeae. The organism attaches to the epithelial cells of the vagina and cervix and
to the penile epithelium and urethra in male, producing an inflammation. In males it
is manifested by painful urination and discharge of pus from the urethra. If not
treated may cause serious complications on the reproductive system (sterility) or
affect other organs (heart, joints, kidneys). In female early infection may pass unno-
ticed, later signs of inflammatory process are manifested with vaginal discharge,
discomfort, pain, as well as signs of urethritis with disturbed urination (dysuria).
Gonorrhea frequently causes PID. The cervix typically does not show signs of dys-
plasia (pre-cancer). Children can be infected during childbirth. Gonorrhea is easily
treatable with antibiotics (penicillin) [65].

1.3.4.2 Chlamydial Infection

This is vaginitis associated with urethritis caused by the bacteria Chlamydia tracho-
matis. Most frequently, it is acquired through sexual contact and is among most
frequent sexually transmitted diseases. The symptoms are those of inflammation of
the vagina and urethra (discomfort, itching, burning, urgency for urination).
Chlamydia induces also inflammation of the cervix (cervicitis) characterized with
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edematous cervix, discharge and tenderness on the cervical motion. Sometimes,
women’s disease may pass without symptoms (asymptomatic), but can be danger-
ous because, if untreated, can cause PID and sterility. The disease is treatable by
antibiotics.

Vaginitis and urethritis may be caused by other types of bacteria (see above), and
may be a result of trauma or catheterization of the urethra [9, 65].

1.3.4.3 Trichomoniasis

Trichomonas vaginalis is a protozoon found in the vagina and the urethra of males.
If the normal acidity of the vagina is disturbed, trichomonas can grow rapidly and
result in an inflammation with yellow—green discharge with odor. Trichomonas pro-
duces lower genitourinary infection in man mostly with dysuria. It is transmitted by
sexual contact, but incidence of non-sexual transmission has been described
(infected water in pools and toilets). There is effective treatment of trichomonas
infections with metronidazole [128].

1.3.4.4 Herpetic Lesions of the Vulva, Vagina and Cervix

Human herpes viruses cause a venereal disease called genital herpes. Clinically it
appears as vesicles (blister-like areas) on vulva, vagina and cervix surrounded by
red, edematous areas of inflammation. They progress into superficial ulcers.
Symptoms are burning sensations, vaginal pain, vaginal discharge and painful uri-
nation. They appear in both women and men. The patient may have fever, malaise
and headache. The blister-like areas usually heal after 2 weeks, but virus continues
to exist in a latent form, and may reoccur during menstruation, emotional stress or
other illnesses. The disease can be passed to the child during childbirth.

A doctor will prescribe therapy against genital herpes, like Acyclovir (Zovirax)
that control symptoms, but cannot eradicate the virus [65].

1.3.4.5 Human Papilloma Virus (HPV) Infection: Genital Warts

Human papilloma virus causes genital warts and some strains cause cervical dyspla-
sia that may progress into cervical cancer. Approximately less than 1 % of all women
infected with papilloma virus develop cervical cancer. The subject of HPV infection
and its connection with cervical cancer is discussed in details in Chap. 2.

Genital warts vary from small separate growth to large cauliflower like clusters
(39). Warts are usually not painful, but can cause a painful intercourse and may
bleed. Treatment includes topical agents, cryosurgery or other surgical methods.
Women with genital warts are at risk to develop cervical cancer and should be con-
trolled rigorously with Pap screening [17, 3941, 44]. See also Chaps. 2, 3,4, 5, 6
and 9 of this manuscript.
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1.3.4.6 Acquired Immunodeficiency Syndrome (HIV, Aids)

This is an infection caused by the acquired immunodeficiency (HIV) virus, It attacks
a special type of white blood cells, T lymphocytes and destroys the immune system.
HIV virus is transmitted primarily by sexual contact, but also by sharing needles
with an infected person during the administration of illicit drugs. The infection with
blood transfusion was also known before rigorous testing has been applied for all
blood products. Mother can transmit the virus to her child, too. Accidental transmis-
sion has been documented among health workers dealing with infective blood.
Normal casual contact with infected person cannot cause infection, neither HIV can
be transmitted through toilet seats, food or kissing. Further description of HIV/
AIDS clinical symptoms, diagnosis, prevention and treatment are beyond the scope
of this book. More information on HIV AIDS can be found in Chaps. 2 and 3 (fur-
ther readings) [47, 176, 188].

1.3.4.7 Syphilis

Syphilis is caused by the bacteria treponema pallidum. It is transmitted only by
sexual contact. The disease progress through several stages. During the primary
stage, the initial symptoms include a small, hard ulcer (ulcus durum) at the site of
the entrance of the infection. The second stage is manifested by many different
symptoms: Fever, skin rash, malaise, enlarged lymph nodes, symptoms from renal
and central nervous system are present. After this stage the disease may enter in a
latent period without symptoms. In about 50 % of cases the third, late stage, appears
characterized by inflammatory necrotic tumors and extensive tissue damage that
leads to paralysis, insanity, other neurological symptoms and death. Syphilis can be
passed on to newborns by sick mother. The disease is treated with antibiotics [65].

1.4 Tumors of the Female Genital System

An overview of benign and malignant genital tumors in women. Benign tumors: Myoma of
the uterus, cervical and uterine polyps. Endometriosis. Carcinoma of the endometrium (the
lining of the uterus), ovarian cancer, carcinoma of the vulva. Cervical carcinoma is dis-
cussed in details in other chapters.

1.4.1 Benign Tumors
1.4.1.1 Myoma (Fibroid, Fibromyoma)
Myomas are the most common benign tumors of female genital tract. These are

round, firm, often multiple tumors in the uterine wall that differ in size. Fibroids
consist of smooth muscle and connected tissue. Most are small and do not progress
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into malignant tumors. Fibroids usually do not produce symptoms in non-pregnant
women, and may spontaneously disappear after age 50. Otherwise, typical symp-
toms from fibroids are dismenorrhea (painful periods), heavy bleeding with con-
secutive anemia, pain, or if become large they compress adjacent organs and blood
vessels. In pregnant women fibroids interfere with pregnancy, may cause abortion,
premature labor, obstructed labor or hemorrhage.

There are many available methods (ultrasonography, MRI, histerography) to
help to diagnose, estimate the size of the tumor and its location. If the fibroid is
small it can be easily removed without removing significant part of the uterus; the
tumor could be removed with a part of the uterus, or if fibroids are multiple and
large, surgical removal of the uterus (hysterectomy) may be recommended [50,
110].

1.4.1.2 Cervical and Uterine Polyps

Cervical and uterine polyps are benign formation in the uterus and cervix. The prin-
cipal symptom is bleeding/spotting and there may be vaginal discharge. Specifically,
cervical polyps could be few millimeters to couple of centimeters in size. Polyps are
red pear-shaped. Usually one bigger polyp is present, but may be 2-3 smaller.
Polyps can be easily diagnosed with ultrasound and other imaging technologies.
Although they rarely progress into malignant tumors, polyps should be removed
and submit for histological analysis to differentiate them from neoplastic disease of
the endometrium or cervix. The surgical procedure for the removal of a cervical
polyp may be performed in the doctor’s office [54].
Benign ovarian tumors will be mentioned in the subsection of ovarian tumors.

1.4.1.3 Endometriosis

Endometriosis is an aberrant growth of endometrium outside the uterus. It is caused
by abnormal displacement of corresponding stem cells during embryonic develop-
ment. Endometrial tissue may be at different places (pelvis, ovaries, tubes, bowel).
Symptoms depend on the location and the size of the growth. Most frequent it is
pain with bleeding. The bleeding may be from the rectum if the implant is in the
bowel. Pain starts 2—7 days before the onset of the menstruation and continue during
the menstrual phase. Ultrasound examination reveals complex fluid-filled mass that
cannot be distinguished from neoplasia. MRI is more specific. The diagnosis of
endometriosis must be confirmed by laparoscopy (an instrument is inserted inside
the abdomen through a little cut on the abdomen) or laparotomy (operation on the
abdomen). Therapy depends of the size, location and a woman’s desire to preserve
the reproductive function. The therapy is either conservative (hormonal) or surgery
to remove the implant. In case of extensive endometrioses with pain, removal of the
uterus and ovaries is indicated [110].
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1.4.2 Malignant Tumors Other than Cervical Cancer
1.4.2.1 Uterine Cancer

The cancer of the body of the uterus is a common cancer of the women’s reproduc-
tive system. Usually it affects older women 50-70 years of age. Risk factors are
intake of estrogen (DES, or HRT) or tamoxifen used for the treatment of breast
cancer. Other risk factors are obesity, nuliparity (women who did not have children),
diabetes, and hypertension. In the beginning the only clinical symptom is irregular
bleeding (for example bleeding/spotting in menopause). However, about 20 %
women with incipient uterine cancer may not have symptoms. At a later stage
obstruction of the cervix with a tumor may occur. Pap test, which is the best test for
cervical cancer screening, may show abnormal endometrial cells, but it is not always
positive in endometrial cancer. Direct sampling of the endometrium (endometrial
biopsy) is a secure approach for diagnosis. It should be performed in parallel with
hysteroscopy, what is entering with the instrument inside the uterus and viewing the
inside of the uterus. Vaginal ultrasound can be used to determine the thickness of the
endometrium. The uterine carcinoma must be differentiated from a benign uterine
hyperplasia that is only thickening of the endometrium. Therapy of the uterine car-
cinoma depends of the stage of the diseases. Usually it is surgery: Removal of the
uterus (histerctomy) with removal of the tubes and ovaries (bilateral salpingo-
oophorectomy), and removal of the lymph nodes, if necessary. In some cases, post-
operative external radiation and intracavitary radium therapy is needed for uterine
carcinoma. There are also some other approaches (e.g., Herceptin treatment) [129].

1.4.2.2 Ovarian Tumors

Ovarian tumors are also common. Most of them are benign. However, malignant
ovarian tumors are leading cause of mortality among gynecological malignancies in
developed countries where regular Pap test screening protects women from cervical
carcinoma. Cervical cancer is still the main killer of women from malignant dis-
eases worldwide.

Ovarian cancer has a proven hereditary connection. Women who have family
members with ovarian cancer have up to 40 % chance to have this disease during
their lifetime. Frequent ultrasound checking is recommended or, if there are more
than one member in the family, oophorectomy is recommended as soon as the child-
birth is completed.

The early symptoms of ovarian tumors (both benign and malignant) are very
discrete in the beginning; even a women may be asymptomatic. A patient may com-
plain on vague, non-specific symptoms, like gastrointestinal discomfort, pelvic
pressure and pain. More advanced malignant disease is characterized with abdomi-
nal pain, bleeding and palpable mass, with or without ascites (a liquid in the abdo-
men). Pelvic ultrasonogram, pelvic examination, and an increase of one biomarker
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in blood (CA 125) are guidance for early diagnosis of malignant tumor. Treatment
is surgery (hysterectomy with bilateral salpingo-oophorectomy, omentectomy and
removal of diseased lymph nodes). Post-operative chemotherapy is also recom-
mended [37].

1.4.2.3 Carcinoma of the Vagina and Vulva

Usually appears in women over 50 years old. Human papilloma (HPV) virus type
16, 18 and 31 is found in some, but not all cases. A grading system of different
severity of the disease (like for cervical cancer) is established for the vulvar cancer.
It is termed vulvar intraepithelial neoplasia (VIN) and it is graded from mild to
severe and finally cancer. Symptoms are prolonged irritation, discomfort, bloody
discharge and history of warts. Later, tumor mass and growth, or ulceration may be
visible. Biopsy is indicated for distinction from non-neoplastic vulvovaginal tumors.
Therapy depends on the stage of the diseases from removal of pre-cancerous lesion
to radical vulvectomy with inguinal lymphadectomy (removal of the diseased lymph
nodes). The prognosis of the disease depends of the stage of the tumor, involvement
of lymph nodes and the presence or absence of metastases [110].



Chapter 2
Cervical Cancer

2.1 About Cervical Cancer and Pre-cancerosis in This Book

2.1.1 Introduction

Cervical cancer remains the leading cause of cancer death in women across the
globe. In the US, because of Pap test prevention, the number of women who die
from cervical cancer has been drastically reduced. This is the best proof that preven-
tion is extremely important to fight cervical cancer.

What is cervical cancer? This is a cancer of the neck of the uterus (see Chap. 1).
It is developed gradually starting with abnormal cell changes called pre-cancerosis
(dysplasia) that could regress or advance into cancer over the years. Those pre-
cancerous changes can be easily detected with Pap test, and the disease prevented
before it appears. Cervical cancer is a preventable disease if detected on time.
Otherwise it is a grave, deadly disease. This is the first and the most important rule.
Learn everything concerning cervical cancer prevention. Be aware of cervical can-
cer, learn how to:

(a) Prevent pre-cancerosis: learn all about the cancer risks.

(b) Prevent cervical cancer before it appears: learn about the importance of regular
preventive cervical cancer screening, the Pap test that detects early pre-
cancerous changes and prevents the disease before it appears.

(c) Eliminate/reduce cervical cancer when it appears: learn about methods of diag-
nosis and therapy that effectively may help you to conquer this disease.

These are the facts that every woman should know. This is the message that the
authors would like to convey to all women.

A strong emphasis in this monograph is given to cervical cancer screening in
order to educate women in this proven benefit that dramatically decreased cervical
cancer mortality and morbidity in the countries where it is available. Women will
learn all that is necessary about screening procedure, pre-cancerous lesions, and
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interpretation of Pap test. Since some women will still be diagnosed with cervical
cancer, two sections are dedicated to current concepts for diagnosis, therapy and the
prognosis of women when receive therapy.

Instead of fear and avoidance of the Pap test, women can understand the result
and ask educated questions. Instead of panicking, those who have cervical cancer
will learn how to help themselves by actively participating in their own diagnostic
and therapeutic procedures.

2.1.2 Definition

Cervical cancer is unstoppable growth of abnormal tissue within the cervix (vaginal
portion) of the uteri (womb — where babies are grown). This abnormal growth is
hypertrophic (increase of cell size), hyperplastic (increase of cell numbers), ana-
plastic (atypical cell shape), afunctional (does not function as neighboring tissues),
and is aggressive invading surrounding tissues by competing for blood supply and
by direct destruction of neighboring cells. Abnormal cells are loosely attached to
each other, and easily shed into vaginal fluid (where they can be detected by Pap
test) or into lymph ducts (enlargement of local lymph nodes — local metastases) and
further into blood and other places (distant metastases) where they appear as local
tumors.

Cervical cancer is specific among other cancers with slow growth (1-3 and more
years from the first detectable growth to the detectable disease). However, there is a
number of conditions causing cervicovaginal tissue to respond with inflammation
(acute, subacute and chronic) which may create cervical lesions identifiable indi-
rectly by Pap test as cervical dysplasia categories ASC-US through HSIL and diag-
nosed by colposcopy-biopsy and histology as CIN (1-3) or cervical dysplasia (mild,
moderate and severe). Most of these lesions resolve spontaneously with removal of
the causal factor or by improvement of the host immune response. Few of them may
persist and, if untreated, may proceed into cervical cancer; consequently, the name
pre-cancerosis is given to indicate to this probability (Table 2.1).

The table shows that a single Pap test result had very unstable predictive rates
(both positive and negative). This is perfectly in the context of a screening test, it
should be an alarm to initiate further diagnosis and therapy if necessary, not any

Table 2.1 Natural history of cervical epithelial lesions (Adapted according to Malinowski [112])

No report of | Regression to Progression to invasive
Pap test change within | normal within | Progression to HSIL | carcinoma within
result 2 years® 24 months (%) | within 24 months (%) | 24 months (%)
ASC-US 24.4 68.2 7.1 0.3
LSIL 31.6 47.4 20.8 0.2
HSIL 40.2 35.0 23.4 (persistence) 1.4

“New estimates
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type of diagnostic method that can predict therapeutic outcome — as many are trying
to pursue. Therefore, regular screening (e.g., repeat Pap annually) would be the
most reliable protective measure.

Because there is no way to predict which lesions will resolve, progress or trans-
form into cancer, the recommendation is to remove them as soon as histological
diagnosis is made. Timely removal of lesions has reduced the incidence (frequency
of occurrence) of cervical cancer both in the population participating in Pap test
screening and in general population at large.

Recently, many researchers are reporting different biomarkers having correlation
with disease prognosis (early assessment of disease future progress). Unfortunately,
these prognostic factors can only provide an estimate of probability — this is not
helpful for a single patient who needs more certainty to rely upon. Therefore, we
still recommend early removal of the pre-cancerous lesion as the best alternative for
the safety and well-being of involved patients.

2.1.3 Interpretation
2.1.3.1 How to Approach These Issues from a Lay Person Perspective

If you open any medical textbook or health education book for college students, you
will see four important sections: prevention, control, diagnosis and treatment. It is
true for almost all diseases and conditions of altered health, but it is not completely
true for cervical cancer. Why? The answer is simple: There is no effective therapy
for cervical cancer; prevention is curative. How is this possible?

Let me use an analogy to explain what I mean. Just imagine driving a new, big
car on a straight, empty highway over Plains. On a sunny day, with nobody in my
horizon, I may get a temptation to press the gas pedal and increase the speed over
the allowable limit of 65 miles per hour. If I actually do so, this will be as I have got
a HPV infection. I may reduce the speed, and nothing will happen. However, I could
be spotted by a policeman. This would be the Pap test. He may only warn me (this
will resemble ASC-US) or he may give me a ticket to pay directly resembling
(LSIL), or may send me to a judge for speeding only (ASC-H) or for negligent driv-
ing (HSIL). Before appearing in Court, I am in the control; I can always reduce the
speed, do not allow next temptations, and I will be OK. The judge may order mon-
etary penalty (e.g., conservatory treatment), may give me points and order a new
driving course (surgical removal of the lesion), and if I accept all of this and con-
tinue driving, nothing will happen to me. However, instead of meeting the police-
man, I could have hit some one and could have inflicted injury on myself and the
other person. This situation resembles carcinoma in situ — I may get out of it, but the
outcome is not always clear. Rarely, I could have killed someone or got permanent
injury — this would be cancer. In any case, I would have to pay dearly, and to be very
happy if [ would be able to get out with limited, although permanent, consequences.
Of course, the road patrol could miss my speedy driving and I could hit somebody
(this would be false negative), or the road patrol could stop me as a part of a routine
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check up and, after short examination, let me go further (that would be false posi-
tive). Obviously, the false negative would be many times more dangerous than false
positive. The Pap test is to reduce those false negatives to minimum.

I hope this analogy will provide basic understanding that cervical cancer is a
slow progressive disease that has two different phases. One is from the first epithe-
lial cell becoming malignant (ability for unstoppable growth of abnormal cells that
compete with normal tissues) through development of invasive carcinoma (at aver-
age 3 years). Other phase is independent — it includes many conditions that may
bring to development of cancer but which are not cancer by themselves. All these
conditions, known as pre-cancerosis, could be detected with the Pap test.
Consequently, Pap test is an alarm warning us to take care of ourselves and to pro-
tect us from cervical cancer — this alarm is saving lives of about 50,000 American
women per year who are diagnosed with CIN 1-3, and to many more women who
have been happy to see their Pap test reversed from positive to negative.

If this is clear, than you will understand why, in this book, the authors will try to
keep separate the Pap test as a screening (preventive measure) from the diagnosis of
cervical cancer (medical diagnostic procedure). Consequently, the cytological
screening is presented as one entity with the diagnostic procedures (colposcopy,
biopsy with histology, and with ancillary HPV infection testing) as another entity.
However, if a woman is Pap positive, all of these tests are only parts of a single
procedure dedicated for fast, true diagnosis and timely therapy intended to cure.

2.1.3.2 Caution

When we began writing this book, we did not believe the time would come to cau-
tion our readers on the “free use” of names with different interpretation. However,
working on this book we contacted colleagues around the world in order to collect
as true information as possible. This is when we were stricken with a revelation that
the name Pap test does not mean the same in different countries. How has it hap-
pened? We have developed a system for telecytopathology, a diagnostic telemedi-
cine for microscopic specimens. Having been in contact with researchers in many
countries, we asked them to send us microscopic images of selected examples of
their Pap test specimens. Surprisingly, when images were compared, we found sub-
stantial difference in staining procedures (India — predominately red, Japan — pre-
dominance of blue, England — slightly different terminology) and the interpretation
was not always consistent with our impression of the same images.

In the meantime the new global strategy for cervical cancer prevention has
evolved: HPV vaccination plus cervical cancer screening (Pap test preferably, but
other options could be considered) [91]. This is causing concerns and calls for alert.
In the US, Pap test has been successful only because it has been standardized
(CLIA*88) — specimen collection, specimen processing, staining and interpretation
are strictly regulated [48]. Cytotechnologists, performing specimen reading and
interpretation, are subject to regular proficiency testing and keeping the standard of
interpretation is conditio sine qua non their job. We are not aware of any other coun-
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try where such regulations are in effect. This makes comparison between results of
screening from different sources difficult and not sufficiently reliable. (After
60 years of Pap test introduction, it is clear that a worldwide standardization of
cytological cervical cancer screening is not possible while the standard Papanicolaou
staining is used — new techniques are necessary and, we believe, this is the place for
biomarkers to help cytological screening).

We think this caution had to be included here to prepare readers of this book to
question, not the quality, but the reliability of laboratory results (was the standard
Pap test used, was it an alternative, what control is used) that will be decisive for
doctors’ recommendation and actions, which will affect lives of our readers.

Another, not less important, caution is against misuses of cytological and histo-
logical terminology for interpretation of cytological results. This situation could
appear when somebody uses histological diagnosis carcinoma in situ (CIS), adeno-
carcinoma in situ (AIS), or cervical intraepithelial neoplasia (CIN 1-3) for reporting
Pap test results or any other cytological result of cervical cancer screening. Even
cytopathology atlases are not free from lacking clarity on this subject. Using histol-
ogy for interpretation of cytological specimens does not mean “better diagnosis” but
a lack of sufficient sensitivity for clinical decision making needs, which may cause
doctors to delay or skip the next diagnostic procedures (colposcopy — biopsy — his-
tology) and to recommend appropriate surgery on time. Unfortunately, this confu-
sion between cytological and histological diagnosis is more frequent than it is
believed and is present even in credible literature. This is why we decided to alert
our readers on this unwanted possibility.

2.2 Epidemiology of Cervical Cancer

Epidemiology is the study of factors affecting the health and illness of populations,
and serves as the foundation and logic of interventions made in the interest of public
health and preventive medicine. It is highly regarded in evidence-based medicine
for identifying risk factors for disease and determining optimal treatment approaches
to clinical practice [179]. Randomized clinical trials (RCT) are tools highly recom-
mended to provide scientific evidence in epidemiologic research, and for achieving
a critical mass of information for guidance of diagnosis and therapy.

Epidemiology of cervical cancer is determined by two parameters, incidence or
incidence risk of invasive cervical cancer (number of new cases per a population of
100,000 women at risk per year) and mortality (number of deaths per a population
of 100,000 women per year). In this book we will not use the incidence rate because,
in this parameter, the denominator is person-years which is a statistical tool for cor-
rection of a dropout rate, but is not accurate as the risk and could complicate reading
and interpretation [8, 94].

Today, cervical cancer is a preventable disease if detected on time, and if proper
measures are taken to remove the lesions that, if untreated, could develop into cervi-
cal cancer [175]. This is exactly the theory behind the Pap test. So, the experience
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accumulated over the years of Pap test application and changes in the natural pro-
gression of cervical cancer must be taken into consideration. We recommend that
the percent of Pap positive (abnormal) results and the percent of histologically diag-
nosed severe dysplasia (CIN 2/3 and CIS) be added to the first line of epidemiologi-
cal parameters for the assessment of cervical cancer epidemiology. Both indicate
two clinical outcomes: Positive Pap test requires further diagnosis, and positive
histology requires surgical intervention.

In this chapter, we will discuss epidemiology of cervical cancer using objective
measuring parameters for the assessment of the epidemiological condition: cervical
cancer incidence, mortality. percent of positive (abnormal) Pap tests, and percent of
histological diagnosis of severe dysplasia/pre-cancerosis or cancer (CIN 2/3, CIS or
AIS).

Until the middle of the twentieth century, cervical cancer was generally consid-
ered as a chronic neoplastic (malignant) disease affecting all women (endemic glob-
ally) with ultimate fatal outcome. The average incidence risk was about 30 and the
average mortality was about 15.

During the second part of the twentieth century these numbers have changed due
to the new strategy for prevention and control of cervical cancer. In the 1950s, the
American Cancer Society (ASC) promoted a new test for cervical cancer screening
(Pap test) as a method “for early detection of cervical lesions that, if not removed on
time, could progress to cervical cancer.” This approach enabled doctors to diagnose
and remove pre-cancerous lesions, thus to reduce the probability of their transfor-
mation into cancer. This cancer control measure became very effective and in coun-
tries where Pap test was made available, major reduction of mortality was registered
(70-90 %). Pap test has been acknowledged as the “best cancer prevention measure
available.” In 2002, worldwide statistics showed that cervical cancer, once the major
killer of women among malignant disease, has moved to the fourth place (after
breast, lung and stomach), while in the US it has moved to the sixth place [106].

NOTE: The cited results are estimates based upon well documented reports,
mostly from developed countries.

In the past 20 years the epidemiology of cervical cancer has changed dramati-
cally. Basic and epidemiologic research have provided evidence for a connection
between certain strains of human papilloma virus (HPV) and both, cervical cancer
and high-grade pre-cancerous lesions. According to Franco [69], virtually all cervi-
cal carcinoma specimens contain HPV DNA. The authors of this book have seen
many koilocytic (HPV infected cells specific morphology) features in malignant
cells on smears taken from women with advanced cervical cancer (Figs. 2.1d, 2.3c
and 2.4a). Saslow [69] argues that HPV and other cervical cancer risk factors “must
be understood in the context of mediation or acquisition of HPV infection,” a state-
ment what we consider too strong, but they also continue with, “influencing the
events of the natural history of cervical neoplasia that occur following the establish-
ment of a persistent HPV infection,” which is more acceptable. As a medical doctor,
I was trying, so far unsuccessfully, to find solid evidence that HPV virus (oncogenic
strains) could cause cervical cancer in a healthy woman. Why was I doing it?
Because there are so many women infected with HPV (40 % of all population in the




Fig. 2.1 Cytology (with permission by IARC, WHO) (a). Normal squamous cells. Normal images
obtained from Pap specimens: (A) Superficial squamous cells, (B) intrermediate squamous cells,
(C) parabasal squamous cells, (D) metaplastic cells; (b). Normal endocervical cells, Normal
images obtained from Pap specimens: (A) and (C) Ciliated glandular cells, (B) secretory glandular
cells, (D) naked nuclei; (c). Exocervical smear, slightly inflammatory, an intermediate cell with an
enlarged nucleolus and homogenouschromatin; d). A group of immature, atypical cells with
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Fig. 2.1 (continued) prominent nucleoli; (e). Basophilic squamous cells with perinuclear cavity
and moderate nuclear enlargement — typical koilocytes; (f). Parabasal cells with an enlarged and
irregular nucleus among normal superficial and intermediate cells and endocervical cells, mucus,
inflammation (Images are reproduced from the Cytopathology of the uterine cervix — Digital Atlas.
Edited by L. Frappart, B. Fontaniere, and R. Sankaranayanan. 2004. http://screening.iarc.fr/pic/...)

US) and only 10,000 annually develop cervical cancer. Why is this difference? As
solid evidence, I expect to see a study in which a group of women volunteers agree
to be infected with oncogenic strains of HPV, and then allow investigators to observe
the gradual increase of cervical dysplasia (e.g., disease progress at 3 months from
normal to ASCUS, then LSIL, HSIL and CIS) before a doctor will cure this virus-
induced disease. The other group could be immunized before infection — the effect
of immunization would be immediately established. Unfortunately, such evidence
does not exist in available literature. On the other hand, in the Chinese province of
Shandong, between 24-year periods (1970-74, and 1990-94) mortality of cervical
cancer was reduced from 21.11/100,000 to 4.40/100.000, due (according to the
authors) to the effective reduction of syphilis [42]. Does syphilis cause cervical
cancer? No, but the chronic inflammation, and syphilis is such an inflammation, can
cause it. And this is probably true for other chronic inflammations affecting epithe-
lial tissues everywhere in the body (e.g., lips, oral, anal regions)

Having said that, we would try to present data from published literature with
intention to emphasize the problem as a worldwide disease that does not recognize
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borders and is equal for women of every race, ethnicity, education, religion or social
status. The difference comes later, when Pap test or diagnostic and therapeutic
methods are needed but are not available to every woman equally.

Examples will be given to illustrate the importance of the preventive screening
and to convey the message to all women. At the end of the twentieth century, world-
wide, because Pap test was not available to all women, only 6.5% women got
screening, there were 500,000 new cases of cervical cancers per year and 250,000
women died from this preventable disease. Cervical cancer was the leading cause of
death from malignant diseases in developing countries. More women die from cer-
vical cancer than from childbirth.

In the beginning of the twenty-first century, this situation began to improve. The
understanding that cervical cancer is preventable disease if detected on time become
almost universal knowledge, and WHO (IARC, Cervical Cancer Screening Group),
followed with many governments, started serious campaigns to include their female
population in cancer screening programs [91]. A typical example is China. Several
years ago, they did not have regular Pap test screening. In 2006, China reported over
70 million tests, and the estimate is that the number of tests will grow by a rate of
ten million tests per year until the majority of the 300 million women at risk will be
protected. Similar, but less spectacular, trends are present in other countries (e.g.,
Vietnam, India). New emerging biomarker-based technologies are not only provid-
ing a better and more accurate Pap test, but are expected to make it available to all
women in the world and save lives. These efforts resulted in changing the natural
history of cervical cancer and, according to one recent statistics, in a combination of
developed and developing countries (but performing cervical cancer screening cam-
paigns) the mortality of cervical cancer has moved from first to fourth position of all
cancers [106]. Without those efforts, still in too many countries, the situation has not
been changed.

A special section in this book (2.3.6 HPV and cervical cancer) is provided to
understand the importance of HPV testing and novel HPV vaccines. It is clarified
that the HPV vaccination will not decrease the need for cervical cancer screening;
the cytological screening (Pap test and alternatives) will continue in the years to
come (CDC, CMS, WHO) [41].

Cervical cancer, which is worldwide the second major killer of women from
malignant diseases (after breast cancer) [148] is closely related to sexual habits and
to certain strains of human papilloma virus infection that can cause sexually trans-
mitted diseases (STD), genital warts and anal-genital cancers. Probably, due to the
increasing women’s sexual freedom and to the contagiousness of transmission, cer-
vical cancer is now affecting approximately 500,000 women per annum, but if this
trend is not interrupted, the incidence is expected to increase to 1,000,000 per year
by 2050 [Dr. Boyle, Director IARC, 2005].

The incidence of cervical cancer is also increasing in the population of HIV/
AIDS patients who have reduced immuno-competence allowing other risk factors,
including HPV, to promote the cervical cancer occurrence. World Health
Organization (WHO) is reporting worldwide programs for reduction of HIV/AIDS
infection as STD (sexually transmitted diseases). Those programs include intensive



28 2 Cervical Cancer

education on sexual habits, thus, they also include prevention of cervical cancer
[176].

In this text, we will discuss mortality, incidence of cervical cancer, incidence of
CIN and incidence of Pap test positive results, both in the US (where excellent sta-
tistics are available) and worldwide (according to scanty reports and WHO
summaries).

Mortality from cervical cancer is different around the world, ranging from 2.3
for white American women to 93.9 for Haitian women. This difference is related to
the availability of Pap test. WHO is largely using data available in the Globocan
Statistical Database (IARC) and to NCI SEER database [8, 92, 135] (Table 2.2).

Based on the same source of data, we identified three points to consider as essen-
tial for improving this unacceptable discrepancy:

* Reducing the cost of Pap test to make it affordable for worldwide application.
The cost to be reduced includes all crucial elements of the test: the specimen col-
lection, processing, interpretation and quality control. However, the cost reduc-

Table 2.2 Cervical cancer epidemiology according to published studies [21]

Country &
source Group Mortality |Incidence | Test/year Pap +
USA[135] Average 2.9 8.7 50 million 3.5 million, or 7 %
Latino 33 13.3 annually of 50 million tests
White 23 85 2000-2004 | per year
American- 4.5 11.5 [144] insufficient
Indian Pap
China 1970- 21.11 In 2005, 72 | Reduction of
[68] 74 million tests | syphilis Shandong
1990— 4.40 123 Province
92
India [23] 8.5 17.1 No Pap test
available
Central America | 40.28 16.84 2001
[67]
South America 30.92 17.03
[67]
Brazil [12, 27] Statistical 11.8 31.3 New 24,445
Haiti [12] package 93.9 24.28 New 2428 Highest
Puerto Rico [12] %ggocan 10.3 43 New 262 | Pap test available
Mexico [12] 16.8 40.5 New 16,448
Europe EU25 3.74 10.43 2004
[13,35]
Russia [13] 5.2
Poland [8] 7.8 144
Australia [42, 2.66 7.72
173]
Melanesia [42] 23.78 43.81
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tion should not reduce the quality of testing and follow-up diagnosis and
treatment. New methods are sought.

e Health Service should organize cervical cancer screening to be accessible and
affordable for the majority of population at risk.

e Transform health care campaigns into a health care service available to every
woman by making the funding for cervical cancer screening and the follow-up
diagnosis and treatment a permanent asset.

In the medical literature, cervical cancer epidemiology is largely associated with
studies related to the comparison of invasive cervical cancer incidence and its
relation to the number of so called risk factors. Studying the probability of their
relationships causality may be established. If this causality will be established with
external risk factors, there has been a hope that medical or behavioral/educational
interventions could reduce those risks, consequently the incidence of cervical can-
cer. This brings the fourth point to consider:

e Include education for reduction of risk factors as an essential part of the cam-
paigns. Setup outreach goals and milestones to reach these goals.

We also believe that, in the case of cervical cancer, the prevention is more power-
ful than many would like to believe. Table 2.3 presents our vision on how different
cancer prevention measures could change the natural history of cancer in the US.

This table shows that the hopes for eradication of cervical cancer [178] in the
twenty-first century may not be groundless. However, instead of giving the crucial
role to the HPV testing or HPV vaccination, we believe that a concentrated action
of all factors cited in this table could be the only means to achieve such a noble goal.

Worldwide the situation will change to the extent local governments will be able
make modern preventive achievements available to their female population. The
following literature examples are only the tip of an iceberg of world scientific litera-
ture related to cervical cancer prevention and risk factors.

Interestingly, in 2007, the World Health Organization agencies have been very
active in recommending guidance and guidelines for developing countries on how
to organize their preventive actions against the “epidemic” of cervical cancer. One
of those agencies, the Department for Vaccine Research and Biologicals has issued
technical information on HPV and HPV vaccines, targeting policy-makers and

Table 2.3 Cervical cancer mortality and factors influencing IT (estimate)

Cervical cancer prevention in Mortality deaths per
Time the US 100,000 Comments
<1941 Natural history 30 W/O Prevention
1945-75 Any cancer screening 12 Pre-pap test
1955-2005 | Pap test 3 After 50 years
? Biomarkers 2 Estimate
1945-2007 | Education for risks 1 Estimate
>2006 HPV vaccines <1 After 20 years
? New therapies 0? Hope
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health professionals worldwide [177]. The essence of this document is that cervical
cancer is caused by HPV infection and development of cervical cancer is 100 %
related to HPV virus. This contradicts reports from another agency, the International
Agency for Cancer Research, which maintains that the role of HPV in cervical can-
cer carcinogenesis is probably serious, but not 100 %.

When we read published material, we found that in many different WHO reports
published by WHO Press, there is a sentence stating, “This report reflects the opin-
ion of the authors, and does not represent the position of WHO.” We would like our
readers to be aware of this clear distinction between the authors of the recommenda-
tions and the publisher or the sponsoring organization.

According to Brinton [29] there is a strong association between cervical cancer
occurrence and religions, and the behavior of marital and sexual partners. It is not clear
how these factors interact with HPV infection which is the major infective etiological
agent. Also, Herpes Simplex virus infection may increase the risk. More speculative
factors include cigarette smoking, oral contraceptive usage and certain nutritional
deficiencies. Numbers of studies implicate male partners as the risk factor.

In 2004, an NCI study group reported that because the oncogenic HPV infections
(HPV type 16, 18, 31, 45, 52) are common but usually clear within 1-2 years, it is
of utmost importance to determine the role of cofactors, which may promote devel-
opment of cervical cancer instead of the HPV disease spontaneous healing [160].
They examined 235 cases of squamous cervical carcinoma and 486 controls. Among
HPYV exposed women having a Pap test, black race and yeast infections were signifi-
cantly associated with increased cancer risk. Current smoking was associated with
a twofold increase in risk. Increased risk tendency was found in women with lower
education, low-income and history of unspecified genital infections. Oral contra-
ceptive use was not related and multi-parity was only weakly related.

Similar studies were conducted worldwide, most of them to show connection
between HPV and cervical cancer, but also to indicate cofactors and other risk fac-
tors. Most of them confirmed coincidence but not causality.

A study from Colombia and Spain included 436 histologically confirmed squa-
mous cell carcinoma and 387 age-stratified controls [27]. An association between
HPV DNA and cervical cancer was confirmed in 70 %, suggesting that the rest of
cases were associated with other STD and risk factors. Among other factors, this
study identified oral contraceptives, early age of the first intercourse and early age
of the first childbirth as independently correlated. Low education and the number of
sex partners were surrogates for HPV infection.

A study from Denmark included 59 women with invasive cervical carcinoma,
596 women with CIS (carcinoma in situ, or CIN 2/3) and 614 controls. The study
showed that cervical carcinoma and CIS shared risk factors strongly associated with
sexual behavior and STD factors, and with adolescent HPV infection (warts). In
addition, a cohort study including 11,088 showed 199 cases with LSIL/HSIL Pap
test, and 131 with ASCUS. HSIL cases were closely associated with HPV high-risk
infection, up to 80 %, which was a 33-fold increase in comparison with HPV nega-
tive cases in the same study [98].

A study from Brazil (Sao Paolo area with the highest cervical cancer rates in the
country) included 199 histologically confirmed invasive cervical cancer cases and
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compared with 225 age-frequency-matched controls. The study showed HPV DNA
in 84 % cancer cases compared with 17 % in negative cases [62]. The study also
emphasized the role of additional risk factors such as prior Pap smears reducing the
risk, while number of sexual partners, the early age at first intercourse, parity and
duration of contraceptive use; all were associated with increased risks.

In a predominantly monogamous population in Bangkok, Thailand, 190 women
with squamous and 42 women with adenomatous cervical carcinoma were com-
pared with 291 cervix-free disease women for association between HPV DNA and
neoplasia. The study found high correlation with HPV-16 and HPV-18 types.
However, other risk factors were also involved, husbands visit to prostitutes, early
age of first intercourse, parity and use of oral contraceptives [168].

Many similar studies (like 14, 16) between 1990 and 2006 confirmed an associa-
tion between oncogenic HPV types and the occurrence of cervical neoplasia; no
direct evidence was presented, but much circumstantial evidence what, according to
the epidemiological criteria, could sustain a conclusion that this association is more
causal than coincidental.

An interesting study in the US was reported in the February 2007 issue of
JAMA. Dunn et al. reported that prevalence of HPV infection is greater than
expected in American females aged 14-59 years (26.8 % with 95%CI between 23.3
and 30.9 %) but the relative percent of high-risk types (HPV16 and HPV18) was
relatively low (3.4 %) questioning the effectiveness of mass HPV vaccination with
Gardasil (Merck) or Cervarix (GSK) [60].

Arecent meta-analysis of eight case—control studies of cervical cancer conducted
in three countries revealed that cervical adenocarcinoma is associated with the HPV
infection almost the same way as the squamous cell carcinoma [38]. This study sug-
gests that anti viral measures will affect both types of cervical carcinoma. This also
indicates that HPV infection is neither cell type specific nor behaves as a monoclo-
nal disease (cancer). It is possible that HPV virus infects growing cancer cells and
remains in this association further.

An interesting study was conducted in the US between years 2003 and 2004. The
National Health and Nutrition Examination Survey was conducted and the results are
published by CDC on their MMWR [44]. According to this study, the prevalence of
HPV infection (not HPV disease) is largest in sexually active young women (40 %
between ages 15-19, and 50 % between 20 and 24) as it could be detected by HC 2
test. Other age groups show gradual decrease of HPV infection. Cervical cancer is
not a problem for women at age between 14 and 24 — it comes much later. We read
this study in favor of HPV being a cofactor not a causative agent for cervical cancer.

Some strange risk factors were also reported incidentally. One of them was the
wood-burning in the kitchen of Honduras [174]. Their value is to be established by
scientific criteria.

However, none of those factors have shown such a powerful influence on the
incidence of invasive cervical cancer as was established for the regular Pap test
checkups in developed countries. In the US, for example, between years 1955 and
2005, the incidence risk of invasive cervical cancer and of cervical cancer mortality
has been reduced fourfold; this reduction has been largely credited to the Pap test.
If this is true, and all evidence is supporting this assessment of Pap test, then NOT
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having Pap test regularly should be considered as a substantial risk factor and should
be put on the List of risk factors for cervical cancer.

Having given such credit to the Pap test, we would like to emphasize now that
Pap test is only a tool to detect early cervical lesions that, if untreated, could develop
into cervical cancer. It is the management of women with abnormal Pap test that
eliminates suspect lesions and reduces other risk factors that could alter prognosti-
cally unwanted trends and prevent the occurrence of the disease.

As Pap test is a guidance for elimination of suspect cervical lesions, the HPV
testing could be considered as guidance for elimination of high-risk HPV strains.
Because the antiviral therapy against HPV is still not available (surgery can only
reduce the viral load), the most promising means to protect women is the HPV vac-
cination. Whether elimination of high-risk strains would reduce the incidence of
Pap test positive results, the incidence of CIN/CIS growths, or the incidence of
cervical cancer, remains to be seen within the next 20-30 years when more robust
data will be available. In the meantime, we are living with hopes created by statisti-
cal analyses and the optimistic estimates of the future without cervical cancer.

In 2007, cervical cancer screening in the US is facing specific problems:

* The screening role of Pap test is losing grounds to a new diagnostic role. This
(new?) role includes test prognostic elements such as diagnosis of HPV types
involved and other DNA PCR markers (e.g., chlamydia and neisseria). The new
role adds to the cost, improves specificity but reduces sensitivity and fewer
women are being seen by specialist to make decision of their further treatment
(reduction of frequency to compensate for the increase of the cost).

e Growing impression that HPV vaccination will prevent all cervical cancers and
that Pap test is not needed anymore; a trend causing prolongation of the period
between two controls (over 2 years) is increasing the probability for higher inci-
dence of cervical cancer.

e Transforming the specimen collecting solution from a cervical sample only into
a general female genital health sample for multiple assays is diffusing the con-
centration of the health care providers to the main purpose of cervical speci-
men — the cervical cancer screening. Pap test is not easy to properly conduct, and
not comfortable for women, therefore, using this specimen collection for other
purposes is ethically unacceptable — but this is up to the American Medical
Association to evaluate.

We think that the role of the absenteeism from regular Pap test screening as a risk
factor has not been emphasized sufficiently. Consequently, the value of regular test-
ing has been challenged by many “business” oriented scientists who recommended
adding “diagnostic” and “prognostic” values to the screening test. Naturally, a con-
ventional Pap test cannot answer to such “high-quality” requirements, and the label
of “not good enough” has been added to the best cancer screening test. It is impor-
tant for every woman to know that no other test has shown such a consistency of

providing benefit to women in the fight against cervical cancer as the conventional

Pap test.
Epidemiology of cervical cancer is still an evolving story. Incidence and mortal-

ity are excellent but not sufficient measures for assessment, and new parameters
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indicating outcomes of preventive and cancer control measures should be included
(e.g., positive/negative Pap test and HPV induced disease). New biomarker-based
tests will probably add to more aggressive early surgery eliminating lesions that
could progress into invasive cancer, and a revision of risk factors could improve our
understanding that not-taking preventive measures (behavior that can be changed by
education) is increasing substantially the risk for missing cervical cancer occur-
rence and/or progress.

2.3 Prevention and Control of Cervical Cancer

Prevention of cervical cancer is a term intended to include better understanding of
cervical carcinogenesis, factors triggering malignant transformation and growth,
and knowledge on how to eliminate, avoid or reduce those factors with an ultimate
goal to reduce (if not eliminate) cervical cancer occurrence.

As all other cancers, cervical cancer is an autonomous disease characterized
by unstoppable growth of abnormal (malignant) cells which destroy sur-
rounding tissues forming local tumors (lump, swelling), move via lymph
pathways to surrounding lymph nodes (regional spread), or via blood to dis-
tant places where they continue their abnormal growth with all collateral con-
sequences (distant metastases).

Cervical cancer starts to grow when a single cell with potential to replicate itself
(from the basal or para-basal epithelial layers — see Fig. 2.3) begins to produce cells
with malignant characteristics such as the following:

* Resistance to normal growth control signals including oxygen supply

* Unstoppable replication with destruction of the surrounding tissue and creating
genuine blood supply (cancer invasion)

* Loosing intercellular connections with ability for and easy separation of cells
with the same destructive abilities which use lymph and blood flow to migrate in
distant sites of the body (cancer metastases)

We do not know what is a primary trigger of this transformation (spontaneous
mutation, radiation, drugs, viruses, all of them or none of them), but we know
that the body has immune-defense mechanism to identify and destroy those
abnormal cells. Consequently, there must be two events to concur: origination
(birth) of a malignant tissue and the insufficiency of the defense mechanism
to control this growth.

All we can do is to try to control these two events by controlling the so called risk
factors which, we know, could promote cancer growth or alter the defense mecha-
nism. This section will discuss the known risk factors that may increase or decrease
the probability for a woman to get cervical cancer. Our current knowledge about
risk factors for cervical cancer is coming out of epidemiological studies, which
could only establish an association between events. However, if the results of these
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studies are repeatedly seen in study-by-study, our confidence is increasing that this
association may contain some causality. Unfortunately, real causality may be proven
only by experiments, and for cervical cancer such experiments are still to be per-
formed because of many ethical issues involved.

2.3.1 Risk Factors and Education to Reduce Their Influence

All women should be aware of the risks and how to avoid them whenever
possible.

Risk factors for cervical cancer are closely related to women’s behavior
(particularly sexual life style) and, therefore, medical interventions must be
combined with educational efforts to make the protection more permanent. It
is a big task, but we need to plant awareness of the importance for these inter-
relations if any success is to be expected.

This chapter will cover the known risk factors and will outline education
on how to avoid them in order to decrease one’s chance to develop pre-cancer-
ous changes and cervical cancer. All women should know about the risks and
how to use this knowledge for self-protection against cervical cancer.

Let us talk about the risk factors that health education literature is mostly recom-
mending. According to the American Cancer Society (ACS) most recent web page
(June 20, 2007) [4] the following list includes most of the known risk factors:

e Human papilloma virus infection
e Certain types of sexual behavior such as

— Having sex at an early age

Having many sexual partners

Having partner who has many sex partners
— Having sex with uncircumcised man

e Smoking

e Human immunodeficiency virus (HIV) infection
e Chlamydia infection

* Diet

* Oral contraceptives (birth control pills)

e Multiple pregnancies

* Low socioeconomic status

* Diethylstibestrol (DES)

e Family history of cervical cancer

e Other Sexually transmitted diseases (STD).

We would add three more factors that belong to the general risks for cancer:

* Exposure to radiation, any type
e Exposure to drugs that may affect nuclear genetic material
e Prolonged stress.
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Finally, we would like to propose a new risk factor:
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* The Absenteeism from Pap test screening within the recent 3 years.

We have summarized those risk factors on Table 2.4 below.
This table is adding a new group of risk factors “the Participation in cancer
screening’ and reveals that both nonparticipation and false results lead to the lack of
medical protection, and recommend education and medical help as necessary inter-
ventions for reducing risk factors in this group.
Let me now address few thoughts to each of these factors and you will find which
one could be relevant for your specific situation. You will find more information in
the referenced literature.

Table 2.4 List of risk factors, interrelations and recommended interventions

Group Risk factor Interrelation Intervention
Behavior Sexual behavior | Early age With HPV Education®
Many sex
partners
Partner with
many sex
partners
Sex with
uncircumcised
man
Smoking Statistics only
Diet Vitamin E, raw food, fruit & vitamin C,
folic acid, vegetables, selenium,
macrobiotic diet, meat
Participation | Absenteeism No Pap test Lack of protection
in cancer from regular within 3 years
screening screening
Insufficient False negative Medical help®
health care Pap
protection Inaccurate Pap
Alternative Pap
STD¢ HPV Persistent Other factors Medical help
HIV AIDS Immunocompetence
Chlamydia Chronic HPV?
Syphilis infection
Chronic Any genesis
cervicitis
Social Oral Long term use, |HPV? Education
contraceptives | HRT
Multiple Statistics, not STD? Education,
pregnancies direct proof Medical help
Low SE status | Multiple factors | STD Free education

(continued)
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Table 2.4 (continued)

Group Risk factor Interrelation Intervention
Genetic Family history | Complex of Any other risk factor Medical help
geno- and
phenotypic
predisposing
factors
Exposures DES — diethyl- | Mutagenesis Clear cell carcinoma Cancer control
stilbestrol
Radiation Carcinogenesis | Direct effect Environmental
Mutagenic Medical help
drugs
Chemotherapy | Immuno- STD Medical help
competence

aEducation as a part of cancer prevention activities
"Medical help as defined in cancer control, diagnosis and treatment
‘Sexually transmitted diseases includes HPV

2.3.1.1 Human Papilloma Virus (Genital Warts)

This risk factor will be discussed more in the Sect. 2.3.6 (HPV and cervical cancer)
of this book.

Genital warts (condylomata acuminata, veneral, anal and anogenital warts) is a
highly contagious sexually transmitted skin disease (estimated prevalence among
sexually active population in the US is 10-20 %), caused by some types of HPV (6,
11), with lower pathogenicity (1-2 % of the population at risk), and with good prog-
nosis (90 % resolve spontaneously), but could continue transmitting the infection.

Warts grow as clusters from size of 1-5 mm to large masses protruding around
the genital area. They affect male and female partners. Diagnosis is by biopsy — pap-
illomatosis with typical cells — koilocytes and parakeratosis. It could be missed for
early cervical cancer — visual appearance and acid test, as well as HC-2 test, which
are positive.

Here, I would like to emphasize several important facts.

* Medical diagnosis of HPV infection is neither diagnosis of cervical cancer nor
the verdict that cervical cancer will occur. It is only a sign that one risk factor is
present, nothing more. And this HPV high-risk strain should persist for more
than 2 years in order to be considered as a disease of high risk for cervical
cancer.

* A group of about 30—40 HPVs are typically transmitted through sexual contact
and infect ano-genital region. (Recent reports focus on oro-pharyngeal region).
Most of HPV types cause benign papilloma (warts). A persistent infection with
any type of the subset of 13 so-called “high-risk” HPV (16, 18, 31, 33, 35, 39,
45, 51, 56, 58, 59 and 69) can lead to development of cervical dyskaryosis or a
pre-cancerous lesion. Once the lesion is present it can produce a positive Pap
test. Such a lesion may resolve by itself (most likely) or, if untreated, progress
into cancer (least likely).
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e HPV disease is STD (sexually transmitted disease) caused by an opportunistic
pathogen (virus is usually present without causing disease in healthy women or
men). The virus is present in the genital fluids and is transmitted with direct con-
tact. The virus is highly contagious, but of low virulence and requires an altered
body defense system to begin the disease. The probability that an infected woman
will develop cervical cancer is about 1 pro mille (~0.001).

* HPV oncogenes, ES and E7, which are considered to be virusrelated genes pro-
moting cervical cancer are also genes promoting the growth of warts (benign
papilloma), and warts are more frequent outcome than cancer.

e However, detecting HPV infection indicates to a sexually active woman and to a
certain type of sexual behavior such as having sex at an early age, having many
sexual partners, having partner who has many sex partners, having sex with HPV
infected man, and to a probability of exposure to many other risk factors. This is
the secondary, but important meaning of HPV testing; the one that is most con-
troversial from the social aspects.

2.3.1.2 Human Immunodeficiency Virus (HIV) Infection — AIDS

HIV is the virus causing AIDS (autoimmune deficiency syndrome) that is a viral
disease characterized by increased sensitivity to infection including opportunistic
pathogens such as HPV. AIDS patients are more prone to developing cervical dys-
plasia, and they should be more vigorously examined with Pap test because they are
also at high risk for any cancer including cervical cancer.

Both CDC (Centers for Disease Control and Prevention) and AHCRQ (Agency
for Healthcare and Research) recommend that women with HIV be screened more
frequently than healthy women (at least 1-2 times annually).

2.3.1.3 Smoking

Smoking is recently recommended for consideration as a risk factor for cervical
cancer. Indirect, epidemiological evidence is offered to support this recommenda-
tion. One study in Sweden [145] included 375 Pap positive women with 363 Pap
negative. The authors called them as women “with” and “without” the earliest
stages of cervical cancer. Among smokers, those who tested positive for HPV-16
were 14.4 times more likely to get cervical cancer than those who did not have the
infection. Among smokers, those who had high HPV-16 viral load were 27 times
more likely to develop cervical cancer than those who did not have the infection.
Among nonsmokers, those who tested positive for HPV-16 were only six times
more likely to get cervical cancer than nonsmokers without the infection [56].

Until more convincing evidence is offered, we would consider smoking as a
cofactor to other behavioral and STD risk factors for cervical cancer with some
additive effect.
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2.3.1.4 Chlamydia Infection (Lymphogranuloma Venerum)

Chlamydia trachomatis infection is another low symptomatic STD that, until
recently, has been considered as a cofactor (with HPV) for causing a more persistent
inflammation of uterine cervix and probably cervical cancer. More research in this
area has been conducted since 2001 [189]. Most of the studies reported epidemio-
logical connection between chlamydia infection, HPV and cervical cancer, but the
results were not conclusive. More basic research tried to establish whether chla-
mydia infection could affect cancerogenesis, but also no conclusion was made. An
excellent review of literature data on chlamydia infection and cervical cancer is
available on the Internet [9].

Nevertheless, chlamydia infection is formally accepted as a risk factor for cervi-
cal cancer (ACS Guidelines) and measures for detection and clearing of this infec-
tion are recommended within the preventive measures for cervical cancer.

Interestingly, both chlamydia and HPV infections indicate to a type of sexual
behavior that supports persistent inflammation — a verified causative factor in
cancerogenesis. We think that better sexual education, telling women the truth, not
frightening them, and combined with treatment of genital inflammation, will bring
more success than mass screening for HPV or chlamydia that has been
recommended.

2.3.1.5 Diet and Cervical Cancer

Food has always been associated with cancer as a factor that may reduce or increase
the risks for getting this disease. It is easy to connect the lack of food (malnourish-
ment) with impaired immunity and cancer development because of breaks in the
body defense system. It is more difficult to connect overeating (obesity) with cancer,
but many have found metabolic defects that could affect cancer development [6].

Cervical cancer has been closely associated with consumption of vitamin E, raw
foods, fruit and vitamin C, folic acid, vegetables, selenium, macrobiotic diet, and
meat [95].

Antioxidants are substances that may protect cells from damage caused by
unstable molecules known as free radicals. These radicals are produced by radia-
tion, chemotherapeutic drugs (e.g., adriamycin), aging, ischemia and similar, but
they may produce DNA/RNA damage that can initiate cancer progress. Cells have
their own natural mechanisms for protection against free radicals, but sometimes,
this mechanism could be overwhelmed, or insufficient to cope with the size of the
tissue injury and number of newly formed radicals. In such situation, disease occurs
and progress. Antioxidants are available in most raw foods, and as vitamins in sup-
plemental therapy [132].

Vitamin E is an antioxidant and could protect cells from damage caused by
unstable molecules known as free radicals [93]. Free radical damage may lead to
cancer. Antioxidants interact and stabilize free radicals and may prevent some of the
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damage free radicals otherwise might cause. Examples of antioxidants include beta-
carotene, lycopene, vitamins C, E, A, and other substances. However, clinical trials
have been inconclusive [139]. Nevertheless, antioxidants are recommended as food
supplements for prevention of cervical and other cancers.

Raw food (not cooked vegetables, fruits, seeds) has superior nutritional value
than cooked food. Many vitamins such as vitamin C, vitamin B and vitamin E are
destroyed when food is cooked; vital enzymes are destroyed and essential fatty acid
become unstable in high temperatures. The recommendation to prefer raw over
cooked food has come after a report by the United States Academy of Science
which surveyed over 10,000 research papers and found dangerous compounds in
food coloring, preservative compounds and tap water. No special emphasis was
given to cervical cancer.

Vitamin C reduces production of nitrosamines, a cancer causing chemicals that
are formed in the body during digestion of nitrates and nitrites. High content of
these chemicals could be found in tinned, smoked and cured meets and fish, sau-
sages, bacon, pickled foods and smoked cheeses. Tap water may contain nitrates
and nitrites in areas were fertilization is widely used. One study found that women
with abnormal Pap test had lower amount of vitamin C [95], but there was no con-
clusive evidence connecting cervical cancer and vitamin C. Tobacco-specific nitro-
samines are best studied in lung cancer, but cervical cancer is not included [156].

Women with cervical dysplasia, particularly those who used the pill, have lower
levels of folic acid than those who did not. In one study on oral contraceptives,
cervical dysplasia gradually decreased in the group supplemented with folic acid
tablets, but remained unchanged in the group given placebo [191]. Again, drugs
were involved, and folic acid served as a food supplement depleted by oral estro-
gens — not a direct connection between the vitamin and cancer.

At least two large studies addressed the issue of vegetables reducing the risk of
cervical cancer [145, 192]. In the prospective study [145] lower levels of folic acid,
beta carotene, and vitamin C were found in patients with cervical cancer, and in the
other [193] both dark-green and yellow-orange vegetable consumption and multivi-
tamin supplementation were each strongly related to reduced risk.

Both studies stressed the importance of a diet balanced with vitamins particu-
larly those having antioxidant effect. However, direct relation between vegetable
food and cancer has not been convincingly established.

Selenium attracted attention in the second part of the last century because of its
ability to work with vitamin E as an antioxidant and to boost the production of
immune antibodies. Selenium is found in garlic, brewers yeast, mushroom, sesame
seeds, brazil, cashew nuts, asparagus seaweed, cabbage and cruciferous vegeta-
bles — it all were found to inhibit growth of cancers; however, no convincing data
related to cervical cancer have been reported. However, at least one study clearly
did not support the relationship between serum selenium and invasive cervical can-
cer at typical serum selenium levels in the US [141, 169].

Macrobiotic diet has been investigated after reports that the Oriental diet, low in
fat and high in carbohydrates and fiber has helped some people to enter remission of
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cancer. Nothing more than anecdotal data are reported, but the change of lifestyle —
typical for this diet — could be responsible more than the diet itself [95].

There are many studies connecting eating meat (both red meet and poultry) with
all forms of cancers. They all stress the importance of vegetarian diets because veg-
etarians have, at average, less cancers than omnivores. One study from Hawaii
found positive correlation between frequency of uterine cancer and the consumption
of animal fat and animal protein [101].

2.3.1.6 Oral Contraceptives and Cervical Cancer

Female genital system is under hormonal control. Both estrogen and progesterone
cause structural changes of genital epithelium during the menstrual cycle and preg-
nancy. Hormones also influence cervical epithelium. Cervix grows in size (hyper-
trophy) and in number of cells (hyperplasia). In the next phase, superficial epithelial
cells separate from the tissue and shed into vaginal fluids (exfoliation).

These are well known phenomena related to human reproduction in women.

The question is whether estrogen and progesterone given as contraceptive pills or
HRT (hormone replacement therapy) may incite cancer development as an adverse
event. Many studies have addressed this issue. There is substantial evidence that
long term hormonal use (5 years and above) could increase the risk for breast and
endometrial (uterine) cancers — this is the basis for the recent recommendation to
gynecologists to stop prescribing hormonal therapy for alleviation of peri-
menopausal syndrome. With regard to cervical cancer, there are many studies indi-
cating that oral contraceptives pose risk for cervical cancer [136]. However, recent
reviews of those studies have questioned their value because most of them have not
included HPV infection as the confounding variable. The issue remains controver-
sial [127].

We believe in basic principles: the rule of probability and the chance of sponta-
neous mutation. Additional estrogen certainly incites basal cells to further repro-
duction, chance of spontaneous mutation increases, but the probability of cancer
development in healthy women is so low that the benefit overweighs the risks.
However, in presence of persistent HPV infection (with high-risk viral strains), or
immuno-incompetence (chemotherapy or HIV), the pill or HRT may have a coop-
erative effect and increase the chance for cervical cancer.

2.3.1.7 Multiple Pregnancies

Multiple pregnancies are always cited as a risk factor for cervical cancer, but we
have not seen a randomized clinical trial to confirm, with statistical proof, that the
real connection exists. Multiple pregnancies are usually connected with multiple
cervical injuries, cervico-vaginal infections including HPV, therefore, a theoretical
justification is present, but nothing more conclusive has been reported.
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2.3.1.8 Low Socioeconomic Status

This is probably the most relevant single risk factor for development of cervical
cancer, but because of the multiple factors involved under the same term, it is
almost impossible to select proper preventive recommendation. Socioeconomic
status is directed by the family income and it is responsible for lifestyle, indi-
vidual behavior and environmental influences. I usually use analogy while
teaching students: “Empty wallet cannot cause cervical cancer, but causes
many other unwanted conditions, which may contribute to the development of
this disease.”

However, many governments are trying to reduce this social status influence
using taxpayers’ money via promoting cervical cancer prevention programs or
campaigns. Due to the modern communications and worldwide media coverage,
the knowledge that cervical cancer is a preventable disease has been spread
widely — the policy-makers who want to be reelected could not risk to be seen as
someone who is neglecting the health benefit of a half of his constituency. Making
Pap test widely available to all women is a typical governmental response to this
challenge.

In countries that cannot afford the Pap test, other cervical cancer screening tech-
niques were tried, but none has reached the protection rate of the Pap test. After the
introduction of HVP vaccines, some countries are trying to approve it for their citi-
zens, and to mandate Pap test as to control the success of vaccination (Serbia,
Macedonia). In India, the strategy is to develop 2d generation HPV vaccine out of
herbs and make vaccination affordable (currently Merck is charging $500.00 for
three vaccines). In China, the government has ordered all hospitals to perform Pap
test for small compensation — in 2 years China has reached a number of 72 million
Pap test annually, and expects further growth of ten million tests per year. China and
India have approximately 300—400 million women at risk for cervical cancer which
need annual protection. International charity organizations such a the Melinda &
Gates Foundation are pouring money into developing countries to improve sexual
education, HPV prevention, and to subsidize the cost of vaccination. We only hope
that those efforts will continue for the next 10-20 years when the effects will be
seen as a reduction of cervical cancer mortality for at least 50 % from the current
rate per country.

In the US, mostly because of the cost and lack of health insurance, almost
20 million women do not participate in cervical cancer screening — it is not
known how many of them belong to the group of 40 million uninsured citizens of
this country.

Lower economic status dictates the level of education, type of jobs available,
selection of marital partners, and many known types of behavior in the adult life of
women. Obviously, all of these aspects and many others have been examined in dif-
ferent behavioral and medical studies as risk factors for cervical cancer. Again, not
a single factor was selected as being dominant over the others.
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2.3.1.9 DES - Diethylstilbestrol

In the middle of the twentieth century, a synthetic hormone diethylstilbestrol (DES)
was one of the best drugs used to protect pregnancies against miscarriages, and mil-
lions of women used it in large amounts [43]. It was necessary tens of years to pass
before it become obvious that DES induces many adverse events on newborn girls —
many were born with enlarged vulva, some had menstrual bleeding at birth, but
many developed an early childhood leukemia (up to the age of 10) and some devel-
oped vaginal carcinoma (clear cell carcinoma) and other malignant diseases later in
their lives including cervical cancer — all of this significantly more frequent than in
their peers born by mothers who did not receive DES during pregnancy [190]. This
is one risk factor which is causing cancers, but its causality is not proven for cervical
cancer alone.

2.3.1.10 Family History of Cervical Cancer

Although family history is important for some cancers, cervical cancer has not been
yet connected with this risk factor or a specific gene change. Simply, cervical cancer
does not appear to run in families. In a review, Zelmanowicz and Hildesheim [190]
evaluated 19 studies (most from Scandinavia) and found a twofold increase of prob-
ability that cervical cancer will occur in a family where it was already present.
However, data were not convincing.

2.3.1.11 Other Sexually Transmitted Diseases

This group is not included in the ACS list of risk factors for cervical cancers, but
some of them are included into other lists and we will mention them here.

e Herpes Virus. A STD that presently has no cure. However, treatment is available
and successful [64].

e Hepatitis. All three types of hepatitis, HA, HB and HC could be passed through
sexual contact. Although there is no cure for the disease, there is a vaccine for
HB (HBV) which can prevent this type of disease.

e HIV/AIDS. It is clearly connected with increased risk for cervical cancer. The
mechanism is via reduction of host immuno-competence. Most information is
available at the CDC web site [47].

e Syphilis. It is historic STD for which has cure today.

* Trichomoniasis. Probably most common parasite affecting female genitalia. Not
connected with cervical cancer.
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2.3.1.12 General Cancer Related Risk Factors

* Exposure to radiation, any type
e Exposure to drugs that may affect nuclear genetic material
e Prolonged stress.

These three factors have been known for years as risk factors for different can-
cers. We will not discuss them here, but will refer our reader to any oncology text-
book, or any Internet reference under “cancer risk factors.”

2.3.1.13 Absenteeism from Pap Test Screening. False Negative Pap Test

All previous risk factors are something that women do and can stop doing in order
to reduce the risk for cervical cancer. We would like to propose a new risk factor
which is opposite; it is something what women do not do. but should do. This is the
regular Pap test screening (at least once in 3 years). We are suggesting calling this
new risk factor the “Absenteeism” from Pap test within 3 years.

The value of asking about the “Absenteeism” and recording it as a risk factor will
be seen in the near future when, upon many predictions, the number of Pap tests will
be reduced and replaced with non-cytological alternatives such HPV testing, molec-
ular DNA/ RNA biomarker testing, VIA or “See & Treat.” In the US, introduction
of liquid-based Pap technologies increased the cost of regular screening; conse-
quently, a new compromise was made between adopting the new techniques for
specimen collection and prolonging the interval between screenings. With HPV
vaccination and emerging assays for new molecular biomarkers, the cost will be
further increased and, we are afraid, the periods between screenings will be further
elongated. It could result in an unacceptable return of cervical cancer. To prevent
such an outcome, we think that recording and reporting the Absenteeism will show
that this new risk factor could be of essential importance.

The same value of “absenteeism” has the “false negative Pap test,” but we cannot
record or measure the rate of false negatives. According to the current practice, the
false positive results cannot be confirmed before the progress of disease is
established.

Historically, false negative Pap test results have been the major moving force for
improvements of the clinical practice of cervical cancer screening in the US. A
woman should know that false negative Pap test results do exist, that their rate could
be as high and 20 %, and that she could contribute to their reduction by asking doc-
tors about the false result rates in the laboratory to which she will be sending the Pap
test specimen for processing and evaluation.

In summary, the awareness about risk factors and the available measures to
reduce the risks cannot prevent every woman from getting cervical cancer, but will
certainly dramatically reduce the probability of an educated woman to get cervical
cancer below the average rated for her peers.
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2.3.2 Cancer Control: Cervical Cancer/Pre-cancerosis
Screening

Every woman should know that the risk factors can be controlled only to a certain
extent and that cervical cancer could occur silently in healthy women living without
any apparent risk factor. Therefore, an active search for early signs of cervical
lesions that could develop into cervical cancer must be practiced by a woman who
wants full protection against this grave disease (please see Table 2.3). Protecting
asymptomatic women from this silent danger is the purpose of the cervical cancer
screening, a health care procedure designed to help healthy women to not miss early
sings of cervical cancer. Because cervical cancer has been the major killer of women
worldwide from malignant disease, every country or region has devised their own
program for protection of their female population. The purpose of these programs is
to examine healthy women having no symptoms of genital disease for early signs of
cervical lesions that, if not treated on time, could develop into cervical cancer, and
to remove those lesions if detected.

There are many programs for cervical cancer screening but one of them, Pap test,
has become so successful that, today, we can easily classify all cancer screening
programs into two categories: the Pap test-based and Non-Pap test-based. The com-
mon denominator for all these programs is the emphasis on:

e Outreach — bring as many healthy women into the program as possible

e Screening technology — use methods for detection of cervical lesions that can
provide least omissions (false negative results)

e Timely intervention — apply diagnostic and therapeutic modalities that could pro-
vide cure of the lesion and full protection against cervical cancer occurrence or
progress.

2.3.2.1 Pap Test or Cytology-Based Cervical Cancer Screening
Overview

Currently, the term Pap test encompasses a series of well defined medical proce-
dures and use of medical devices intended to examine healthy women in order to
detect cervical dysplasia (pre-cancerosis — lesions that could develop into cervical
cancer if not treated) and cervical cancer (if present without clinical symptoms) —
and to provide doctors with the decision making key information on how to manage
women with cervical specimens showing cells with abnormalities (indicating to
cervical cancer or pre-cancerosis). It is a screening method intended to detect each
and every woman who might have such a lesion and to inform her doctor about the
alarming signal requiring a full diagnostic workup for cervical cancer. Screening
test must be highly sensitive not to miss any woman, but the diagnostic workup
must be highly specific to prevent any fast conclusion and unnecessary treatment.
This is how the Pap test was envisioned.
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The cervical cancer screening using Pap test requires three profiles of profession-
als to act in concert: (1) Primary physician (family medicine, women’s health, or
gynecologist) to examine woman and to acquire specimen, (2) Cytotechnologist to
process this specimen and read it with assistance of cytopathologists for interpreta-
tion of the clinical condition, and (3) Gynecologist for completing diagnosis and
recommending or applying treatment when necessary. Currently, women with cer-
vical cell abnormalities are treated as recommended in the 2001 ASCCP Guidelines
[183]. Lack of coordination within this system, or an insufficiently developed infra-
structure because of the cost, is probably the major cause why failures occur and
why women are not completely protected worldwide.

All current Pap test-based health care screening practices belong to in vitro diag-
nostics and have three common elements: (1) specimen collection with a medical
device to scrap cervical epithelium, (2) specimen processing using Papanicolaou
stains, and (3) specimen interpretation using cytopathology criteria for reading
images of specimens stained with Papanicolaou stains. Currently in use are cyto-
logic criteria compiled in the 2001 Bethesda System Terminology [162].

According to different use of these elements, we would sub-classify the Pap test-
based screening technologies into: (1) Pap smear (classic, conventional Pap test),
(2) Liquid-based Pap (LBP), and (3) Biomarker-improved Pap test. HPV testing,
which is currently advertised as a possible alternative for Pap test is only a “bio-
marker” improved Pap and will be discussed later together with other biomarkers.
However, the issue of HPV vaccination is of specific interest as a new preventive
measure (immunization) and is discussed separately.

History

About 60 years ago screening for cervical cancer was not known. Women were get-
ting this cancer, it was developing in their bodies as a silent danger and, when first
clinical symptoms (e.g., contact bleeding, lumbar pain, abnormal bleeding, and
increased vaginal discharge) appeared, the sufferers would have visited doctors only
to find out that the disease had advanced to a stage when the prognosis was omi-
nous. Cervical cancer was known as the main killer of women dying from malignant
diseases. This situation is still almost the same in many countries around the world,
but it is not in the developed countries where mortality has been reduced for more
than 80 % (see section on Epidemiology above and Fig. 2.2).

Cancer, and the cervical cancer is not different, is a disease that does not recog-
nize borders, a disease that affects women without preference or prejudice for race,
ethnicity, socioeconomic status, religion or education. Like all cancers it is more
frequent in older age groups. So, what is the matter? What makes this difference
between developed and developing countries? Why do women in developed coun-
tries have better prognosis in comparison with those who live in developing
countries?

There is a solid base of evidence that this difference is due to the regular partici-
pation of women in a cervical cancer screening program — popularly known as the
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Fig. 2.2 Histology, CIN (With permission by IARC, WHO) (a). Normal ectocervix: L1=basal
cells — one layer, L2 =parabasal cells — 2 layers, L3 =intermediate cells — 8 layers, L4 =superficial
cells — 5-6 layers, BM =basal membrane, CT =connective tissue; (b). Normal endocervix: A layer
of columnar cells secreting mucus (above) and of layer of reserve cells above the connective tissue;
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Regular Pap Test [136, 139]. This evidence clearly supports the conclusion that
women participating in regular screening (at least once in 3 years) have significantly
less chances to be diagnosed with cervical cancer (either CIS or advanced) than
those who do not participate, participate irregularly, or have been falsely diagnosed
as negative. The emphasis is on regular screening and on the accuracy of the Pap test
(less false negative results).

There are few events in the history of medical devices that have made a larger
impact on the natural course of a malignant disease, and on our thoughts of the value
of preventive screening, than the application of the Pap test for cervical cancer
screening in the second part of the twentieth century.

The name Pap test was created in honor of Dr. George Papanicolaou, an
American-Greek pathologist from New York, who, when studying the oestrus in
mice, recognized that specimens collected by excoriation from the cervix (using
scrapping device) are more consistent and provide better cytological information
than specimens collected from vaginal fluids (exfoliated cells). In the middle of the
past Century he convinced a gynecologist (Dr. Thorn from Rockefeller Medical
Center in New York) to check whether specimens obtained from women would
show the same quality. Indeed, this small change in specimen collection made a
whole world of difference. It was a basic change for collection of gynecological
specimens from exfoliative cells (spontaneously shed) to excoriated cells (scrapped
from the superficial layers of epithelium). After receiving human specimens, Dr.
Papanicolaou was not satisfied with standard staining techniques (hematoxylin-
eosin for histology or Wright-Giemsa for hematology) and he experimented with
different stains to improve cytoplasmic transparency and visibility of nuclear chro-
matin structures. He introduced hematoxylin, eosinalcohol (EA) and orange G (OG)
stains. The experiments were successful and he recognized that this test could
become essential for detecting early cervical lesions. These stains remained the core
of the Papanicolaou staining until today. The new staining technique was met with
a considerable resistance by other pathologists, and Dr. Papanicolaou had to develop
an entire new set of criteria for reading and interpretation of slides stained according
to his recommendation. This was recognized as Papanicolaou staining [102].

The results were published between 1943 and 1950 and attracted attention of the
American Cancer Society (ACS), a non-profit organization with a mission to pro-
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Fig. 2.2 (continued) (c). koilocytosis, disorganization of the lower layers of the epithelium, cel-
lular criteria of dysplasia and HPV infection: binucleated cells, abnormal mitotic figures, koilo-
cytes; (d). Disorganization at all layers of the cervical epithelium, but above an intact basal
membrane; (e). Thin slice of a cone. Disorganized epithelium in a region between two arrows. Free
margins on all sides. Operation leads to cure; (f). Thin slice of a cone including cervical canal.
Squamous cervical carcinoma in situ — no invasion visible. Operation leads to cure; (g).
Adenocarcinoma in situ. Proliferation of a abnormal glandular cells into uterine wall, but without
spreading — invasion of connective tissues; (h). HPV disease: Flat condyloma, HPV infects super-
ficial layers and induce koilocytic appearance of cells in the superficial layers and induce koilo-
cytic appearance of cells in the superficial and intermediate layers (Images are reproduced from the
Histopathology of the uterine cervix — Digital Atlas. Edited by L. Frappart, B. Fontaniere, and
R. Sankaranayanan. 2004. http://screening.iarc.fr/pic/...)
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Fig. 2.3 (a). Normal cervical epithelium: Stratified epithelium covers the vaginal part of the cer-
vix (ectocervix). It is multilayer tissue composed of 1 layer of basal cells, 1-2 layers of parabasal
cells, 6-8 layers of intermediate cells, and 6-8 layers of superficial cells. From inside, it is bor-
dered by the interstitial membrane, and from the outside is covered with the mucus (containing
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mote new ideas for cancer prevention and treatment [S]. The method for obtaining
specimens, staining smears according the new technique and stains, and reading and
interpreting cytological specimens became known as the Pap test (Dr. Pap was Dr.
Papanicolaou’s nick name in the hospital). Pap test has never been patented (stains
are not patentable, and their use is a subjective assessment that, also, is not patent-
able). To secure consistency among results obtained in different laboratories, Dr.
Papanicolaou started a School of Cytotechnology where he trained laboratory tech-
nicians to prepare cervical specimens, stain with his procedure and read them. This
was an efficient approach, which became crucial for the wide acceptance of this test.
However, being a pathologist himself, Dr. Papanicolaou kept the final decision
about the medical condition on the slide for the pathologist or the laboratory super-
visor. Cytotechnologists are trained to recognize what is normal, what is artifact,
and are required to suggest what is abnormal and the degree of abnormality — final
diagnosis is left to pathologists. This is one of the weaknesses of the manual Pap test
as it is practiced today.

In the early 1950s ACS launched a campaign to screen all women (above age 18)
for cervical cancer, and the results soon became evident. Today, a qualified cyto-
technologist must have BS degree, 2-year School of Cytotechnology, and regular
Proficiency Testing Certificate provided by an accredited Laboratory Personnel
Proficiency Testing Agency (such as CAP, ASCP or MIME in the US). The schools
still operate and the cytotechnologists’ skills are mandatory in the US and regulated
by the Clinical Laboratory Improvement Amendments (CLIA) under the enforce-
ment authority of CDC and FDA [48] (Fig. 2.3).

This requirement does not exist outside of the US, and the quality of screening
provided by less qualified personnel is dubious; thus, it is subject to much larger
errors of interpretation. Training cytotechnologists and maintaining their proficiency
is a requirement unmet in other countries. This is why Pap test is difficult to imple-
ment in developing countries, and this is why we believe a biomarker technology
combined with digital imaging (e.g., MarkPap — see below) has a real prospect in
the global cervical cancer screening.

Pap test related measurement of cervical cancer mortality rates (number of
deaths per 100,000 population at risk) began in 1955. In that year, the US mortality
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<

Fig. 2.3 (continued) exfoliated cells) and open into the vaginal cavity. CAP (red dots) is always
absent in cells on Pap specimens from healthy women. (b). Flat condyloma: HPV disease is char-
acterized with growth of cells with characteristic cytology: destruction of cytoplasm collected in
perinculear hallo and/ or micro vacuoles, and with nuclear irregularities (bi-nucleous, change of
nuclear size and shape). They grow in form of tumor (condyloma) but, unless is combined with
cancer, do not destroy surrounding tissue. Cervical acid phosphatase (CAP) is present in basal,
parabasal and abnormal (dysplastic) cells. (¢). Cervical cancer: Squamous cell cervical cancer usu-
ally starts in the transformational (transitional) zone, and spreads around destroying the surround-
ing epithelium above the membrane (carcinoma in situ), and later, breaking the membrane, invades
the deeper tissues. If operated on time, it may be cured (margins free of tumor cells). It may, or may
not get HPV infection. Further promotion of tumor growth depends on the infection. All abnormal
cells included in this abnormal growth (cancer, precancer, koilocytes) are CAP positive and could
be detected on PAP smears
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rate from cervical cancer was 12/100,000. Between 1955 and 1996 these numbers
declined at a standard rate of 4 % each year. Between 1955 and 2002 the mortality
from cervical cancer in the US was reduced to 3/100,000. This is a reduction of over
75%. Similar results were obtained in other countries where this test was made
available to public and was promoted by governments and professional societies.
Some countries, like Island, had reduced their mortality rates for 90 % (IARC
Cervical cancer screening statistic reports) [92]. Nevertheless, the classic Pap test
(Pap smear) in addition to its advantages also has some obstacles. The test has an
unacceptable high negative rate, and in several US court cases (women had devel-
oped cervical cancer and died while the test was found to be false negative) the court
ruled against laboratories. In 1996, in Bethesda, an NIH Consensus Conference on
Cervical Cancer developed Guidance for Pap test and clinical actions after the test
[14]. It was largely accepted that the standard Pap test has approximately 20 % false
negatives, one-half because of sampling error, one-half because of errors in staining
and interpretation. Later, a College of American Pathologists (CAP) Advocacy
Group established that a 5% false negative rate is inherent to the Papanicolaou
staining, it cannot be escaped, and the target for “ideal” specimen processing would
be to have false negative rates as close to 5 % as possible [36].

As a consequence, the Bethesda System Terminology was recommended to
reduce the error of reading and interpretation [140, 162] and a Working Group com-
bined of professionals from all societies involved in women’s health recommended
new criteria for approval of medical devices intended for gynecological cytology
[114]. Soon, Cytyc Corp. proposed a proprietary specimen collecting solution (and
a cell transferring device) intended to eliminate the sampling error by collecting the
whole specimen and making it available for examination [18]. The classic Pap
smear got an alternative — the liquid based Pap (LBP). The new technology was well
accepted by pathologists (cleaner specimens — easier recognition of abnormal cells),
women (in case of insufficient smearing the second specimen has already been
available), and industry (the specimen collecting solution became a medium for
additional testing such as HPV, chlamydia, neisseria), but it has never reduced the
need for regular testing or reduced the sampling error. However, LBP has spread
rapidly and in 2006, almost 80 % of all Pap tests in the US are performed on the
specimens collected in solution. One of the supporting factors to this spreading is
the increased profit the laboratories are making using this expensive test (reimburse-
ment is approximately $50—60 per test) in comparison with the well controlled con-
ventional Pap smear (only $15).

What is the Purpose of Pap Test?
Stopping cervical cancer before it appears.
What Women Should Know About Pap Test?

Cytological screening with Pap test is the most powerful way to prevent cervical
cancer. This is a microscopic examination of cells obtained from scraping the cervix
and swabbing the cervical canal.
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Every woman must know about the Pap test. How it is done (pelvic exam, smear,
LBP), what are the risks, disadvantages, false-negatives and false positive rates.
What is pre-cancerous lesion (dysplasia)? Classification system for Papanicolaou
smear: Negative (NIL), Negative with inflammation or reactive changes (RCC),
Atypical Squamous Cells with Undetermined Significance ASC-US, or with pos-
sible high grade (ASC-H), Low Grade Squamous Intraepithelial Lesion (LSIL) or
High Grade Squamous Intraepithelial Lesion (HSIL). In Chap. 3 of this book we
include the original 2001 Bethesda System terminology, where explanations for
those terms could be found [183]. She should also know what the recommendations
are for clinical actions according to these diagnostic categories. These recommen-
dations have been published by the American Society for Colposcopy and Cervical
Pathology in 2001 and the new Guidelines are expected in 2007 [162]. Such knowl-
edge will help her to be well-prepared to receive any Pap result and to take the best
possible measures as soon as possible.

This section is designed to help women understanding better the cervical cancer
screening and to learn what they could expect of this preventive measure.

What to do if Pap test is positive? What is necessary for diagnosis of cervical
cancer (colposcopy, biopsy, histology)? What is colposcopy (viewing of the cervix
with 10-20x magnification). What is biopsy (colposcopy directed punch that is tak-
ing a small piece of tissue for histological analysis). Remember, the Pap test is a
screening method that is referring women for further investigations. Histology
(examination of the tissue removed by biopsy) provides the final diagnosis. What is
the meaning of histological diagnosis CIN O (no dysplasia), C 1 (mild dysplasia),
CIN 2 (moderate dysplasia), CIN 3 (severe dysplasia) and CIS (carcinoma in situ).
What is AIS (adenocarcinoma in situ). A woman who understands those terms will
be better equipped to cope with the problems.

How to gain this knowledge? What are the most important questions you should
ask your doctor? What the doctor may not tell you about abnormal cervical smear?

Questions and Answers About Your Pap Test

Pap test is a medical cancer prevention procedure intended for healthy women and
conducted by:

1. Medical doctors for obtaining cervical samples from healthy women

2. Pathologists to process those samples, stain them with Papanicolaou stains on
microscopic slides, and interpret the cytological microscopic images according
to the Bethesda System terminology for assessment of the condition of health
from the specimen

3. Medical doctors again to follow-up with clinical actions according to the Pap test
results.

The goal of this test is to detect early signs of lesions that, if untreated, could
develop into cervical, endometrial or vaginal cancer, and to remove those lesions
with intention to cure the condition [5].
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Since 1950, American Cancer Society adopted the new achievements (sampling,
staining and reading cervical specimens) as a single Pap test, and promoted it for
cervical cancer screening of all women at risk (age 18 and above) in the US. The test
was adopted by health professionals, particularly gynecologists and pathologists, by
professional organizations, health insurance and governments. Consequently, within
50 years, almost 80 % of American women at risk participated in Pap test, 50 mil-
lion tests were performed annually, and the mortality from cervical cancer was
reduced for 75 %. The Pap test was soon acknowledged as the best preventive anti-
cancer test available and began to spread in other countries — almost exclusively in
the developed world because of the need for infrastructure and the cost to build this
infrastructure [92].

Let us now discuss about cervical cancer in the US, how Pap test is performed
and what every women should know about the test.

Frequency

How often should a woman at risk go for cervical cancer screening?
Our recommendation is at least once in 2 years.

Why so frequently when American Cancer Society, the National Cancer Institute
(NCI), and other authorities on this matter recommend once in two or three years?
Our answer is very simple. The guidelines are prepared referencing results from
clinical trials. We have read reports from the same trials, and we have seen that “the
most participants fit within the recommended range.” However, there was still a
disease progression that occurred earlier (2.5 %) and later (2.5 %). Obviously, it is
less harmful if the disease occurs later than earlier. This is particularly important if
false negative results have not been eliminated. More frequent screening will elimi-
nate this danger and women should be safer.

There are many recommendations for how frequently a woman should go for
cervical cancer screening. Almost all are coming from respectable and influential
sources like American Cancer Society, Centers for Disease Control and Prevention,
but many are coming from health insurance, health management organization or
industry.

The National Comprehensive Cancer Network (NCCN) has recently published a
comprehensive NCCN Clinical Practice Guideline in Oncology aimed for 2008.
They are recommending the screening interval adjusted according to the method of
screening, results and woman’s age. Here are their guidelines for 2008:

e After initiation of screening (3 years after the onset of vagina intercourse), cervi-
cal screening should be performed annually with conventional cytology smears
(Pap test) OR every 2 years using liquid-based cytology; at of after age 30,
women who had three consecutive, technically satisfactory negative cytology
results may be screened every 2-3 years (unless they have a history of in utero
DES exposure, are HPV+, or are immunocompromized).
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e Human papillomavirus (HPV) DNA testing for primary screening has recently
been approved by the FDA for women over 30 years of age. It is reasonable to
consider that for women age 30 and over, as an alternative to cervical cytology
testing alone, cervical screening may be performed every 3 years using conven-
tional or liquid-based cytology combined with a test for DNA for highrisk HPV
types.

e Until more data are available, women who test positive for HPV DNA should
continue screening at the discretion of their health care provider.

* Frequency of combined cytology and HPV DNA testing should NOT be more
often than every 3 years, if both tests are negative.

e Counseling and education related to HPV infection is a critical need.

*  Women who received HPV vaccination should continue cervical cancer screen-
ing according to the guidelines [184].

This citation is an example how the healthcare market is influencing the frequency
of testing. Neither LBP not HPV DNA has been proven to influence the prognosis
as to extend periods between screenings for 1 year for each of them. However, the
cost of Pap smear (conventional is about $15.00, for LBP is about $60.00 and for
HPV DNA an additional $40.00-60.00. On the US market (50 million tests per
year), the difference is between having Pap smear only and having (LBP + HPV) is
substantial, but this difference is reasonably reduced if divided by three. The exten-
sion of periods between screenings could have been a compromise, and women
should be aware of this when asking for the next Pap test.

What Type of Screening?

A woman should always ask for pelvic exam and specimen collection. Although the
specimen collection could be, sometimes, performed by a specially trained health
professional, we would recommend that a medical doctor be the person to perform
the pelvic exam and to collect the specimen. Medical study provides physicians
with a certain background knowledge that simply cannot be replaced by others with
alternative training.

Recently, with the advancement of home-based technologies, there are some
signs that home Pap test will soon be taken under consideration. As a matter of fact,
the self-collection of cervico-vaginal specimens at home has been an old concept,
but because of cellular destruction in fluids the technique was not practical for use;
however, the resistance of MarkPap biomarker in the same environment makes the
substantial difference [119]. The chemical/physicochemical characteristics of this
biomarker provide hopes that such a home test is probable. If one day the Home Pap
becomes a reality, we would recommend more frequent home testing (at intervals of
3—6 months) and consulting doctors at the first sign of test abnormality or, at least,
to see the doctor once in 3 years [22].

Another type of primary screening is currently getting attention outside the
US. This is HPV Testing alone. The idea is based upon expectations that modern
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DNA/RNA techniques may make HPV testing inexpensive (approximately $1.00
per test) and amenable for frequent testing at home. If persistent (two and more
years) HPV infection is detected, then cytological screening will be indicated. This
is a reverse approach to the current Pap test, but it could be attractive if any logic
other than business could be proven. In spite of many discussions in favor of fre-
quent HPV testing, we would be very cautious to ever recommend HPV testing
alone. Without a parallel cytological screening, the probability to miss the disease is
too high. There are cervical cancers without HPV disease — although rarely.
However, HPV frequency in healthy population is too high to be used for cancer
screening (abundance of false positive results), and the cost will be unbearable for
developing countries.

What Type of Specimen Collection?

Prior to the last 10 years of the twentieth century, there was only one option — Pap
smear. In 1996, the National Cancer Institute in Bethesda, Maryland, organized a
consensus conference on cervical cancer [138]. One of the important issues at this
conference was how to improve cervical cancer screening in order to reduce the
high percent of false negative results and the liability of laboratories for cancer
caused death of women who had negative Pap test [162].

It was reported that one half of all false negative results occurred because of poor
sampling (insufficient specimen) and the rest was caused by inadequate specimen
processing (staining) or interpretation (diagnostic error). This conference adopted a
consensus statement with recommendation of a new Bethesda System terminology
to improve cytological interpretation (reduces diagnostic error).

In the follow-up, several companies came out with their products aimed to
improve specimen processing. Some (e.g., ThermoShandon Varistain Automatic
Slide Stainer) added Papanicolaou staining software to their automatic slide stain-
ers. It was easy. A new program was added to the computer to move a rack with
slides from staining station to station and to keep slides in staining and clearing
stations for precise periods of time. Papanicolaou staining was not changed; just the
consistency of processing was significantly improved [170]. Automatic staining
improved significantly the consistency of Pap test smear processing.

A major change came from those who recommended replacing specimen smear-
ing with its collection into a preservative solution. Two attractive marketing ideas
underlined those offerings. First, the specimen will be collected in its entirety, and
the laboratories will be able to examine the whole specimen — or, a woman will not
be called for another specimen if the first was inadequate. Second, transferring
specimens from solution onto microscopic slides is a procedure requiring filtering
from debris, mucus, and inflammatory cells. Consequently, the images became bet-
ter and pathologists prefer them to the conventional smears. This is the technology
known as ThinPrep Pap Test (Cytyc, MA) and SurePath Liquid Pap (TriPath
Imaging, NC) [53, 172].
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Unfortunately, the first goal was not met. Laboratories do not examine the
whole specimen collected in solution — just the first slide prepared by transferring
cells from suspension onto microscopic slides. Instead of examining all available
cells, the leftover was used for ancillary methods such as HPV testing. The next
consensus conference (2001 Bethesda System) acknowledged this failure to exam-
ine the entire specimen and accepted the technology as sufficiently good for the
purpose [162].

Recently, new specimen collection technologies are trying to enter the Pap test
market. One of them is Diamics Cervical Analysis System (C-Map) which is using
a proprietary specimen collector to make a “touch prep” of woman’s cervix on
microscopic slides [58]. Once the specimen is transferred onto microscopic slides,
the authors will use several (six at this time) antibodies and rapid immunocyto-
chemical protocols for identification of proteins (antigens) known to be present in
transforming cells. This is an interesting system, but still lacking clinical confirma-
tion of the hypothesis. We think the concept of transferring cervical cells with a
balloon is similar to swab technology and does not include scrapping, and that the
concept of using antibodies to keratins will not resolve the problem of identifying
cells transforming into malignant. Maybe, an array of antibodies and FISH technol-
ogy will make this test more usable for the purpose.

There are many non-approved devices for self-collection of vaginal fluids such
as swabs, Q-tip-like devices, catheter-like devices, etc., but we will not comment on
them here. None of them will be discussed with the doctor before the FDA approval.

LBP technologies are using special broom-like devices for specimen collection —
these are plastic brooms shaped to enter the cervical canal and to collect material
from the surface. They are elastic and the pressure the specimen provider must
exercise, to bring sufficient number of endocervical and transformation zone cells,
is difficult to control — this may cause additional confounding inconsistency of col-
lecting material and help increase the probability for sampling errors.

Based on the comments presented here, our recommendation would be to keep
the conventional Pap smear specimen collection technique unless there is a need for
HPV testing when the manufacturer’s recommendation for sampling should be
respected.

Why Waiting for Pap Test Result Is so Long?

There is nothing secret with the laboratory processing of the Pap test specimen. It is
a laboratory test composed of two parts — specimen preparation and staining, and
microscopic examination. It is actually completed within a couple of active hours.
The delay is between phases — collection of specimen, specimen processing and
reading with interpretation. Result? Two to three weeks period is usually needed
between the day of specimen sampling and the day of receiving the laboratory result.

The usual explanation is work overload. Let us see if this is true. In the US there
are 50 million Pap tests performed annually — approximately 200,000 specimens
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daily are collected by approximately 100,000 providers or two specimens daily on
average. The bottleneck is not in doctor’s offices. There are about 4000 cytopathol-
ogy laboratories accredited to perform Pap test — this equals 12,500 tests per labora-
tory, or 48 tests daily. A laboratory usually employs a general laboratory technician
(cytoprep) for specimen processing, a cytotechnologist for slide reading and inter-
pretation, a pathologist for quality control and final cytological diagnosis, and an
administrative person for receiving specimens and reporting results. Specimen pro-
cessing time is one hour per sample, a number that must be divided with the capac-
ity of automatic instruments. Usually, no more than one hour is needed for processing
60 slides. There is no bottleneck here.

Average screening time is 6 min per slide. One cytotechnologist could comfort-
ably examine 50 slides per day. The pathologist (supervisor, quality control) exam-
ine at average 25-30 % of slides. Again, this is a job to be completed within one day.

At worst, in the US, there is an infrastructure able to provide Pap test results
within 3 days after sampling. Why then waiting of 2—4 weeks? Obviously, laborato-
ries are not giving priority to preventive medicine testing such as Pap test because
they are usually overwhelmed with routine work dealing with curative medicine —
everybody knows that the patient in trouble should not wait. STAT orders are fre-
quent, and many interruptions in the standard procedure are done because of
emergencies. But, Pap test is not an emergency.

Pap test is done to healthy women — no emergency is involved, this test can wait
(7). But, what about women who wait? How do they feel? These and similar questions
are still to be answered. Maybe separate laboratory units (the old Papanicolaou’s idea)
should be dedicated only to Pap test? This is a probability to be considered when plan-
ning major cervical cancer screening programs in any country, not only the USA.

Another reason for the delay of sending “Pap negative letter” to healthy women is
inherent in the regulations imposed on laboratories for performing Pap test. According
to CLIA*88 “(f) Test results must be released to authorized persons and, if applica-
ble, the individual for using the test and the laboratory that initially requested the test.
An authorized person means an individual authorized under the State law to order
tests or receive test results, or both” [71]. Laboratories are informing doctors about
the result, and they are informing patients according to their priorities.

We think, whatever is the real reason, the period of more than a couple of days
for informing a healthy woman that her cancer screening test is negative, should be
considered as unacceptably long, and a better way must be sought. One of the solu-
tions is using a biomarker-based test combined with digital imaging and telemedi-
cine and provide results within hours. (see under MarkPap technology).

What to Expect from the Pap Test Result?

As with many other tests, this test could be reported as: Unsatisfactory, satisfactory
and negative, satisfactory and positive, and with the degree of positivity (abnormal-
ity) determined in one of 2001 Bethesda System categories [162]. What should
women know about each of these reports?
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1. Unsatisfactory
This report means that something has happened with the specimen and the
doctor was not able to make the diagnosis. Usually, this could be a call for repeat.
However, if the processing was done properly, the problem is with sampling and
a healthy woman should consider going for a new test. Repeating sampling for
Pap specimen is safe after 3 months. Three months between sampling is a period
considered necessary for full reparation of the scrapped cervix. What women
will feel in the meantime, it depends how the doctor will explain the recall.
2. Satisfactory and negative
Having received this result, a healthy woman should be assured that no silent
danger has occurred and that she should continue to live the same live as before
testing. However, since this result has a false negative rate of up to 20 %, the
woman should be aware of the necessity to avoid risk factors and to stay alert and
to consult her doctor as soon as any of the alarming symptoms appear before her
next scheduled appointment.
3. Satisfactory and positive
This result should alarm a woman that she should see the doctor and ask for
explanation and advice. Usually, the doctor’s office will call for an appointment
automatically. How to manage women with cervical epithelial abnormality
largely depends upon the cytological diagnosis of this abnormality [162].

In 2001, the American Association for Colposcopy and Cervical Pathology
(ASCCP) issued Guidelines for Management of Women with Cervical Epithelial
Abnormalities and has adjusted this guidance thereafter [183]. The most recent rec-
ommendations largely rely on HPV testing, giving the presence of HPV high risk
viruses, particularly the repeated presence (persistent infection) a role of a negative
prognostic sign that should be used increasing the cytological category. Therefore,
a woman with low grade Pap test positivity but with HPV high-risk positivity should
be advised to continue with diagnostic procedures earlier than it would have been
recommended if only cytology was used. Naturally, this recommendation raises fear
of cancer and concern among affected women. This approach will also increase the
rate of false positive alarms manifold.

4. Degree of positivity
Papanicolaou and the immediate followers used the term dysplasia (Gr. dys —
disordered, plassein — to form) to indicate that some abnormal tissue is forming
within the normal. The name cervical dysplasia was used to describe all forms of
cervical cell abnormalities found at Pap test examination, and the grading: No

Dysplasia, Mild, Moderate and Severe Dysplasia were added to quantify the

extent of this abnormal tissue/cells presence.

Later, this taxonomy was changed several times before the 2001.

Bethesda System [89, 162] was accepted as the universal terminology for
describing microscopic images of abnormal (positive) Pap smears. For details,
please see Table 2.5 (2001 Bethesda System).

Although this System is intended for doctors only, we think that some general
information should be provided for all women to know.
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Table 2.5 The Bethesda System (Cited IARC Screening Group, http://screening.iarc.fr/
atlasclassifbethesda.php)

SPECIMEN TYPE
Indicate

0 |conventional smear (Pap smear)

O | vs. liquid-based preparation
g | vs. other
SPECIMEN ADEQUACY

o | Satisfactory for evaluation (describe presence or absence of endocervical/ transformation
zone component and any other quality indicators, e.g., partially obscuring blood,
inflammation, etc.)

Unsatisfactory for evaluation ...(specify reason)

Specimen rejected/not processed (specify reason)

Specimen processed and examined, but unsatisfactory for evaluation of epithelial
abnormality because of (specify reason)

GENERAL CATEGORIZATION (optional)
Negative for Intraepithelial Lesion or Malignancy

Other: See Interpretation/result (e.g., endometrial cells in a woman>= 40 years of age)

Epithelial Cell Abnormality: See Interpretation/result (specify “squamous” or “glandular”
as appropriate)

INTERPRETATION/RESULT
NEGATIVE FOR INTRAEPITHELIAL LESION OR MALIGNANCY

(when there is no cellular evidence of neoplasia, state this in the General Categorization above
and/or in the Interpretation/Result section of the report, whether or not there are organisms or
other non-neoplastic findings)

ORGANISMS:

Trichomonas vaginalis

Fungal organisms morphologically consistent with Candida sop

Shift in flora suggestive of bacterial vaginosis

Bacteria morphologically consistent with Actinomyces spp

Cellular changes consistent with Herpes simplex virus
OTHER NON NEOPLASTIC FINDINGS (Optional to report; list not inclusive):
Reactive cellular changes associated with

inflammation (includes typical repair)

radiation

intrauterine contraceptive device (IUD)

Glandular cells status post hysterectomy

Atrophy
OTHER

Endometrial cells (in a woman >= 40 years of age) (Specify if “negative for squamous
intraepithelial lesion™)

EPITHELIAL CELL ABNORMALITIES
SQUAMOUS CELL
Atypical squamous cells
of undetermined significance (ASC-US)
cannot exclude HSIL (ASC-H)

(continued)
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Table 2.5 (continued)

Low grade squamous intraepithelial lesion (LSIL)

(encompassing: HPV/mild dysplasia/CIN 1)

High grade squamous intraepithelial lesion (HSIL)

(encompassing: moderate and severe dysplasia, CIS, CIN 2 and CIN 3)

with features suspicious for invasion (if invasion is suspected)

Squamous cell carcinoma
GLANDULAR CELL
Atypical

endocervical cells (not otherwise specified (NOS) or specify in comments),

endometrial cells (NOS or specify in comments),

glandular cells (NOS or specify in comments)

Atypical

endocervical cells, favor neoplastic

glandular cells, favor neoplastic

Endocervical adenocarcinoma in situ

Adenocarcinoma:

endocervical

endometrial

extrauterine

not otherwise specified (NOS)
OTHER MALIGNANT NEOPLASMS: (specify)
ANCILLARY TESTING

Provide a brief description of the test method(s) and report the result so that it is easily
understood by the clinician.

AUTOMATED REVIEW
If case examined by automated device, specify device and result.
EDUCATIONAL NOTES AND SUGGESTIONS (optional)

Suggestions should be concise and consistent with clinical follow-up guidelines published by
professional organizations (references to relevant publications may be included).

e The 2001 Bethesda System is a taxonomy of microscopic images that could be
seen from Pap test specimens at certain pathologic conditions, but it is not a clas-
sification of cervical or genital diseases that can cause those images to appear.

e There are three main categories in this taxonomy: Specimen Adequacy, General
Categorization, and Interpretation/Result. In this book we are using the General
Categorization (Negative, Positive — Epithelial cell Abnormalities and Other).

e Pap positive results (Epithelial Cell Abnormalities) are divided into subcatego-
ries according to the cell type (squamous cell — frequent, glandular cell — rare),
and according to the assumed lesion they are classified into undetermined
[ASC-US], low risk intraepithelial [LSIL], and high risk intraepithelial lesion
[HSIL] or cancer [CIS]. As it is written, this taxonomy calls for further examina-
tion (colposcopy/biopsy/histology) in order to determine the diagnosis of the
disease and refer to therapy.
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e Pap test positive results, unless it is a frank cancer, should only be used as a call
for further diagnostic examinations in order to determine the diagnosis and to use
it for planning therapy.

5. Ancillary methods — HPV testing.

HPV testing has introduced in cervical cancer screening a factor that is not by
itself an early sign of a lesion that, if untreated, could develop into cervical cancer;
therefore this factor is neither cancer nor pre-cancerosis. Rather, detecting HPV
infection speaks about a presence of a virus that may contribute to development of
such a lesion. Consequently, the attention should be directed towards the infection.
There are two ways to treat this infection:

1. Reducing viral load (search for a benign growth — wart — causing shedding of
cells with viral particles) and removing this piece of sick tissue, and
2. Increasing the non-specific immune competence of the host.

Removing a lump tissue with HPV infected cells is not removing cervical cancer
or pre-cancerosis. This is the crucial difference where neither the Guidelines are
clear nor every pathologist or gynecologist agrees upon. Many studies have reported
successful elimination of such lesions as removal of CIS (carcinoma in situ) which
is not the true, but it stays reported and entered into statistical summaries reporting
success/failures of HPV testing and cytological only testing. Currently, the leading
recommendation is that both HPV and cytology should be used for decision about
what to do next [183].

We recommend reliance on cytology because HPV testing (as it is performed
today) could introduce more false positive alarms and cost women unnecessary
stress, emotional, physical and financial damages. It means, we recommend (1)
intensive treatment of virus infection to be followed by (2) cytological examination
within 3—6 months.

6. What to do?

Pap smear is a screening method designed to eliminate from further investigation
all Pap negative women (above 90 %) and to reduce the number of those referred to
colposcopy to only those who might have a hidden disease. Is it only an alternative
method to delay colposcopy? No, we don’t think so. We are not recommending any
delay of colposcopy, if it is necessary. However, colposcopy in the US is usually
combined with biopsy (many times blind biopsy — just to be on the safe side?) and
the colposcopy, which otherwise is quite safe, becomes a procedure with risks of
bleeding, infection and consequences of frequent scarring if used indiscriminately.

Therefore, when Pap test report is “satisfactory and positive,” the woman should
be aware that even the medical guidelines recommended to establish standard of
healthcare have their own limitations and, before those guidelines are applied to her
case, she should ask her doctor to advise her what to do next, not mechanically
complying with guidelines, but after serious consideration of her particular case. In
many cases, such a modest request may be extremely helpful to women in resolving
the problem easier.
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What if Disease Is Present?

For many women and medical advisors, a positive Pap test is a signal of imminent
or pending cervical cancer. This is simply not true. Pap test is a screening method to
detect early signs of a lesion that could develop into cervical cancer, and HPV infec-
tion is only a sign that this infection could contribute to cancer development if
remains persistent. The emphasis here is on the word “could.” This is a conditional;
therefore, a woman should first ask, “what should I do NOT to allow cancer to
develop?”

We have been amazed to learn that many women received answers such as “wait
and check” to this quite legitimate question. This answer creates stress and fear.
Fear from cancer and stress of “not doing anything to prevent it.” A better approach
is to explain everything, but is questionable as to how many women would like to
know and will be able to understand the logic of medical prognosis and the uncer-
tainties included in this. Probably very few! Another option is for the doctor to take
the role of decision maker and the responsibility that goes with this. Many women
would like this, but many doctors would not. This book is intended, among other
issues, to help women understand dilemmas when clinical decision is to be made
and to motivate them to become an active participant (not only a passive receiver)
of the necessary medical help.

At the end of this section we would like to emphasize again that Pap test is only
a screening procedure and if positive, another, more profound examination is needed
to detect the lesion than could develop into cervical cancer and to remove this lesion
on time. For details, please see sections on Diagnosis and Therapy later in this book.

Problem. Why Some Women Do not Take a Simple Pap Test and Get a Deadly
Disease?

For the most of the world Pap test is not available. Where it is available, not all
women use this opportunity to protect themselves. Why? This question has been
addressed many times before, and the following suggestions have been made:

1. The high cost of Pap test

2. Women are uneducated or not sufficiently educated about cervical cancer pre-
vention (why should I go, I feel fine)

3. The Pap test is not available (no infrastructure and professionals to do the Pap

test)

. Women do not have access to a doctor (live in remote places)

. Women are prevented from seeing gynecologist (cultural, religious issues)

. Women are afraid of Pap test

. Uncomfortable with Pap test

. Do not trust the test (false-negatives).

[c BN o) SRV, N

All of these answers (#1—#8) have been reported in many surveys, and women
have repeated them in our currently ongoing survey [20]. In comparison with others,
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we have found more women being well aware of Pap test (above 90 %), but who
willingly do not participate (25 %) because one or more of the reasons cited above.
Only 5 % of participants in our survey said that they do not know and they do not
want to know about Pap test — because of the same reasons. (Please see the Pap test
Acceptance Survey in the Chap. 3 of this book).

We hope, this book will eliminate at least one reason, the lack of reference
(resource where to ask for additional knowledge). This book is intended for every
woman'’s library.

Solution to the Problem. Could Something More be Done in Cervical Cancer
Prevention to Reduce the Impact of the Reasons why Women do not Participate
in Cervical Cancer Screening?

The answer is YES. Novel approaches to improve the Pap test with discovery of
related biomarkers will bring solution to most of these problems and will bring the
answer YES to almost all of these questions.

e Is it possible that the Pap test can be less expensive and affordable for women?
YES

e Could the Pap test accuracy be improved? YES

e Can cervical cancer screening be made available to all women in the world? YES

e Could hundreds of thousands unnecessary deaths be prevented: This is some-
body’s daughter, wife, mother or sister who is dying because she cannot have a
Pap test? YES

*  Would it be possible to have Home Pap test in the near future? It means to take a
sample in the privacy of your home (self-sampling using a simple kit) and to send
it to the doctor? YES

e Could a woman in a remote province (where there are no professionals to per-
form and read Pap test) get the result in couple of hours? Is telemedicine a solu-
tion for mass cervical cancer screening? YES

e The next section on Biomarkers, will shed more light on our optimism.

2.3.2.2 MarkPap Technology for Cervical Cancer Screening. What Is
this?

MarkPap is a trademark for Cervical Acid Phosphatase — Papanicolaou Test, a
biomarker-based Pap test. The scientific information on this test and detailed technol-
ogy is presented in Chap. 7 “MarkPap® Illustrated” see also Ref. 212, 116 and 122.

Why Should Women Know About this Emerging Technology?
MarkPap technology is developing to meet the unmet needs of women who partici-

pate and who do not participate in regular cervical cancer screening based on Pap
test (cytological screening). Once the technology is approved for marketing, we
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hope, it will become the substance matter for all YES answers given in the previous
section above.

Let us now try to explain our confidence why this technology will provide tools
to make the cervical screening more accurate, faster, less costly, and accessible to
almost every woman.

* The core of this technology is the biomarker of cervical cell abnormality, which
labels only abnormal cells and has never been positive in normal squamous cells
presented on Pap smears or monolayers of LBP specimens (Fig. 2.4). A single
biomarker positive squamous cell found during microscopic examination of a
gynecological specimen indicates that this cell has been separated from a lesion
or any abnormal growth occurring in the tissue from which the specimen was
separated (cervix). In the Chap. 7.1, please see the series of pictures and legend
explaining how this biomarker makes a difference for locating abnormal cells
and for determination of cytological condition on the slide (Chap. 7.1).

This biomarker’s advantage for locating rare abnormal cells is expected to reduce
false negative rates for manual cervical cancer screening much below the Pap test
false negative rates, and to almost eliminate the false negative results when digital
imaging scanners are used for screening [220].

e The presence of this biomarker is visualized as a red granular pigment precipi-
tated inside the cytoplasm of abnormal cells. If cellular background is stained
with a modified Papanicolaou staining technique (MarkPap® Test), and the cel-
lular components are colored in blue, the red biomarker label contrasts distinctly
and is very much amenable for digital imaging (Fig. 2.4).

This advantage will be used for developing tools for automatic (robotic) cervical
cancer screening instruments, and for their use for mass cervical cancer screening

Our proprietary technology is based
upon a molecular biomarker which is
positive only in abnormal cells
(upper image) and always negative
in normal cells (lower image). The
red color of the biomarker signals
the cell abnormality (1D for cervical
cell abnormality).

The biomarker makes a difference
and this distinction makes the
method superior over all
competitors. More....

www.bioscicon.com/gallery.html| b -

Fig. 2.4 MarkPap® Platform technology illustrated
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because they provide speed, accuracy and low cost non-comparable with manual
technologies. The first instrument of that category has already been conceived.

This is the MarkPap® Digital which is a combination of the biomarker-based
cytology, digital imaging and a Web-based IT communication protocol for telecyto-
pathology (Chap. 7)

* The label of biomarker’s presence is a pigment precipitated inside cytoplasm. As
a chemical substance it is indestructible in vaginal discharge regardless of the
cause of this discharge. Finding a single biomarker positive cell or a piece of
such cell in vaginal fluids has almost the same meaning as finding the biomarker
labeled squamous cell on cervical smears.

This advantage will have tremendous impact on future cervical cancer screening
because it is enabling development of collecting vaginal specimens that might be
collected by women themselves (MarkPap® Self) or may become a basis for future
development of Home Pap which will use chemical reaction to identify presence/
absence of abnormal cells in the self-collected specimen [Chap. 7].

e Last, but not least important advantage is the ability of this test to identify women
with HPV disease — this is a condition in which an HPV infected woman begins
to respond to the infection with a disease which could be manifested as abnormal
growth — warts or, many times rarely, cervical cancer. This advantage is a real
chance for MarkPap based cytology to become a prescreening test for HPV dis-
ease. (Chap. 7)

e The important advantage of the MarkPap technology (manual version), which
has been developed to improve the classic Pap test, is that it uses:

1. The same Pap test infrastructure (doctors for specimen collection, cytopa-
thology laboratories for specimen processing, staining, reading and
interpretation)

2. The same technology (screening and clinical actions contingent to the cyto-
logical results)

3. The only difference between Pap test and MarkPap test is the biomarker,
which itself is providing visual means for more accurate detection of abnor-
mal cells

MarkPap Test is a better Pap test because it is more accurate, faster, and less
expensive and, we think, it should be considered to replace the Pap test based on
Papanicolaou staining when the time comes.

Because of those obvious advantages, the MarkPap technology is considered
disruptive to the global cervical cancer market and many market competitors,
already on the market, who have control over it, have started putting road blocks to
delay, if not completely to prevent, the arrival of this biomarker-based cytology
with digital imaging and Web-based communication technology.
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2.3.3 Non Cytology-Based Cervical Cancer Screening

Most of the world outside the US does not have facilities to build an infrastructure
necessary to carryout the Pap test as it is required in the US. Although cervical can-
cer is still the major killer of women from malignant diseases, the fight against this
killer is still not well organized; it is more campaign than services, more enthusias-
tic efforts than an established organization, and it has been inspired more by the
public opinion (media influenced) and political needs than by scientific analyses of
the needs in each country and the awareness that the prevention of cervical cancer
is equal to cure [55]. As a result, no significant change of mortality has occurred in
many countries undergoing cervical cancer prevention campaigns (Table 2.2). A
significant impact to developing countries is coming from the industry fighting for
new markets and having recognized that 1.7 billion women are not protected against
a preventable disease. This is a huge market with defined needs where they can offer
their products. Typical example is the HPV testing as offered for replacement for
the “expensive” Pap test.

Most of developing countries are currently in search for the best technology that
will allow their health care services to provide cervical cancer screening contingent
on their abilities. They have been widely supported by the World Health Organization,
its agency the International Agency for Research on Cancer (IARC), international
non-profit world health dedicated organizations as the Alliance for Cervical Cancer
Prevention (ACCP) including five international organizations and charity institu-
tions including the Melinda & Bill Gates Foundation. Considerable funds have been
recently dedicated to HPV vaccination because of the feeling that developing coun-
tries cannot afford to pay for a still not proven prevention, while they should be able
to provide funding for cervical cancer screening as a well documented and proven
protective measure.

In April 2007, ACCP published “10 Key Findings and Recommendations for
Effective Cervical Cancer Screening and Treatment Programs” [1]. The recommen-
dations provided by the Alliance are outlined here:

1. Every woman has the right to cervical cancer screening at least once in her
lifetime. In low-resource settings, the optimal age for screening to achieve the
greatest public health impact is between 30 and 40 years of age.

2. Although cytology-based screening programs using Pap smears have been
shown to be effective in the US and other developed countries, it is difficult to
sustain high quality cytology programs. Therefore, in situations where health-
care resources are scarce, those resources should be directed towards cost-
effective strategies that are more affordable and for which quality can be
assured.

3. Studies have shown that the most efficient and effective strategy for secondary
prevention of cervical cancer in low resource settings is to screen using either
HPV DNA testing or VIA (visual inspection), then treat pre-cancerous lesions
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using cryotherapy (freezing). This is optimally achieved in a single visit (cur-
rently possible with VIA plus cryotherapy) and can be carried out by competent
physicians, including nurses and midwives.

4. The use of HPV DNA testing followed by cryotherapy results in greater reduc-
tion of cervical cancer precursors that the use of other screening and treatment
approaches.

5. Cryotherapy, when conducted by competent providers, is safe and results in
cure rates of 85 % or greater.

6. Studies suggest that cryotherapy is protective against the future development of
cervical disease among women with current HPV infection. Because of this,
and due to the low morbidity of cryotherapy, the occasional treatment of screen-
positive women without confirmed cervical disease is acceptable.

7. Unless there is a suspicion of invasive cervical cancer, the routine use of an
intermediate diagnostic step (such as colposcopy) between screening and treat-
ment is generally not efficient and may result in reduced programmatic success
and increased cost.

8. Women, their partners, communities, and civic organizations must be engaged
in planning and implementing services, in partnering with the health sector.

9. For maximum impact, programs require effective training, supervision, and
continuous quality improvement mechanisms.

10. Additional work is needed to develop rapid, user friendly, low cost HPV tests
and to improve cryotherapy equipment.

The impact of these recommendation could be very big, therefore, they deserve
a special attention in this book.
Here are our comments:

1. The ACCP acknowledges that the cytology based cervical cancer screening is
the best preventive measure, but it is not for women in low-resource countries
because of the cost to develop the infrastructure (high quality cytology programs).
The fact is that the cytology screening programs (Pap smear, LBP) have already
been implemented in most “low-resource countries” but, at this moment, the
technology is only affordable to this part of the society who could pay for the
test. Governments are subsidizing the cost (China), or offer alternative such as
VIA to those who cannot pay the cost (India). We think, it would have been bet-
ter if ACCP had recommended the Pap test — like screening for all women, and
would have called for development of new efficient technologies to help all
women worldwide.

2. The main study cited in the Recommendations is one study from India published
in the International Journal of Cancer [154]. Conclusions in this study have
relied mostly on the statistical analysis of success/failure rate among groups.
Unfortunately, the success was measured as incidence and mortality in compari-
son with a questionable denominator (person-years) instead of number per
100,000 population at risk. Another statistical analysis used the right denomina-
tor and the results were different — no significant difference was found between
groups. This additional analysis clouds the ACCP Recommendations and calls
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for caution when somebody is trying to apply them. Consequently, similar cau-
tion should be applied to all other “study reports” cited in this ACCP
document.

3. Particularly not convincing are studies recommending HPV DNA testing plus
cryotherapy for reduction of cervical cancer precursors. The goal of cervical
cancer screening is to reduce the cervical cancer incidence and mortality, not the
precursors — whatever they may be. What would be the reason for reducing HPV
infection or warts, but having increased the incidence of invasive cervical can-
cer? ACCP report does not provide answer to such questions.

4. Cryotherapy of cervical lesions is not like cryotherapy of skin moles. This is
many times more than difficult to eliminate a mole without damaging the normal
tissue, it does not eliminate cervical cancer, may produce collateral damage,
needs follow-up controls, and doing it in one day settings is not recommendable
for the safety of patients.

5. Colposcopy with biopsy and histology is not an “intermediary” procedure, it is
highly efficient diagnostic intervention that can be curable for carcinoma in situ
and could not be replaced by the ACCP recommended options.

On the other side, according to the recent reports, the cytologic cervical cancer
screening is spreading exponentially among the members of the United Nations.
China reported 70 million tests in 2006; India has already tens of million tests pre-
formed per year. Mexico, Brazil, Japan, Vietnam, South Africa, all report results
from their Pap tests. At this moment, we would like to caution the readers of this
book against a possibility for misjudgment because of the inconsistence of the
meaning of the Pap test in different countries. Recently, we asked colleagues from
several countries to send us their Pap test images. The surprise was great. From
India we got images taken from specimens stained more reddish than the standard
Pap test should be; from Japan, the images were more dark blue. Our cytotechnolo-
gists, who are trained in the US, were not able to confirm the diagnoses made in
India and Japan. We think, it is time to consider worldwide standardization of cyto-
logical screening and we think that telemedicine with telecytopathology and stan-
dard specimens (slides) will be the best answer to this emerging problem.

Some countries are still looking otherwise and are testing other approaches.
Among more attempts, three strategies gained recognition: See & Treat, One day,
One dollar primary screening.

“See & Treat” strategy is coming with the recommendation of JARC (WHO’s
International Agency for Research on Cancer) and is based upon a 7-year Indian
study in which providers used VIA technology. VIA, which comes from the Visual
Inspection and Acid (vinegar), combined with touch cryoablation of white patches
on cervical lesions as identified after exposure to vinegar. This technique is recom-
mended to become a standard of care, at least in India. We think, it will change their
current practice for better because it will bring more women to examination (pro-
viders are nurses or specially trained technicians) and they will be able to select
women with cervical cancer and to refer them to doctors. Otherwise, treating each
“white patch” with cryoablation could be dangerous because cervical cancer will
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not be cured, warts will not be eliminated, new lesions could be provoked and there
will not be histological verification. However, under assumption that 90 % of women
will be negative, at least for India this prevention could be a certificate of cervical
health at this moment. Another problem, more serious for us, comes from the ten-
dency to claim this technique as replacement of regular scheduling for cervical can-
cer screening, and this is unacceptable [155].

A similar approach, “Screen-and-treat colposcopy” has been recommended for
cervical cancer detection in high risk populations [113]. In a rural region of Southern
Mexico 8281 women considered to be at high risk were evaluated. 4881 had vaginal
symptoms before colposcopy. 5646 underwent colposcopy. Abnormal result (HPV,
CIN 1-3) was diagnosed in 1073, but only 9 (1 %) had carcinoma. 238 were treated
on site. Women gladly accepted the “one day” diagnosis and treatment.

An expensive alternative to VIA is TruScan. A Sydney, AU, based company
Polartechnics Ltd and CSIRO developed device with pen-like probe to collect visual
information directly from the cervix and is combined with the computer with math-
ematical algorithms to analyze data and detect cervical cancer. An interesting
device, which has not utilization in the routine cervical cancer screening [82].

“One Day” strategy is led by recognition that in many developing countries it is
difficult to bring women for examination once, but almost impossible to bring them
for follow-up. Therefore, the theory behind “Screen & Treat” is applicable here.
Instead of VIA (or VILA — visual inspection helped by Lugol), any other technol-
ogy could be used for inspection and verification of the lesion the same day when
the doctor will intervene. Again, this is a statistical approach. Ninety percent will be
negative, 6 % of the rest will have no visible lesions, and only 4 % will receive treat-
ment, about 1-2 % will be followed — result is statistically defendable but not medi-
cally [155].

In 2007, Suba et al. recommended a combined-modality of “Screen & Treat”
strategy. The new strategy will include Pap test cytologic screening of all VIA posi-
tive cervices and immediate decision to apply conization (LEEP) for excision of the
sick tissue rather than cryoablation as currently preferred treatment [164]. The rea-
son behind this suggestion is that cryoablation usually leads lesions with abnormal
cytology (invasive cancer could not be eliminated) and does not treat cancers. The
authors suggest, this approach for developing countries where the “single-visit”
programs are the preferred strategy.

“One-Dollar Pap test” is an attempt to replace Pap test with biomarkers. The
most advanced is the concept to use low-cost technology for identification of HPV
oncogenic strains in cervical specimens by highly virus specific DNA/RNA-related
techniques. It follows the mindset that the presence of oncogenic strains should be
considered as the cytological signs of early lesions that could develop into cervical
cancer. This is not true because detection of viral infection is neither detection of
viral disease (body’s response to infection) nor pre-cancerosis or cervical cancer.
However, this approach is getting attention of big companies, and soon new meth-
ods could be approved for detection of viral particles but be advertised for preven-
tion of cervical cancer. It would be fair to consider those technologies as pre-screening
for cytological examination but, we are not aware of such intentions yet.



2.3 Prevention and Control of Cervical Cancer 69

In other words, if Pap test is not available, the whole world is looking for alterna-
tives. Neither of them is equal to the Pap test. This is why we are recommending
those alternatives that preserve the most of the Pap test by using modern technology
such as automation, digital imaging, telecytopathology, web-based communication
to reduce the cost and increase the speed and accuracy of cervical cancer screening.
At this moment, the only approach promising to meet all those requirements is the
MarkPap technology [122].

2.3.3.1 Instead of Conclusion

Since the goal of cervical cancer screening is to detect early signs of lesions that
could become malignant in healthy women (the lesions are to be seen and verified
by colposcopy), there is a limit to the acceptable cost for this preventive measure.
This limit is defined as the cost of diagnostic colposcopy when applied to healthy
women. Because colposcopy requires quality instruments and experienced examin-
ers, this is not VIA as recommended by IARC for developing countries, bit it is still
not an unreachable goal; particularly in countries with socialized healthcare
systems.

Consequently, we believe, the future is in the cytological biomarkers identifying
needs for colposcopy, the markers similar to MarkPap test described in this book.

2.3.4 Management of Women When the Pap Test Result
Returns

What should a woman do when the Pap test result comes back? She should imme-
diately call her doctor and ask for an urgent appointment. When she meets the doc-
tor she should receive advice according to the Guidelines for management of women
with Pap positive test. What those Guidelines are all about?

American Society for Colposcopy and Cervical Pathology (ASCCP) has taken a
leading role to guide medical doctors what to do with their patients when their Pap
test results return as positive. In 2001, the Society has issued Consensus Guidelines
for Management of Women with Cervical Cell Abnormalities [183] and these
guidelines are regularly updated with new recommendations. ACS, the US
Preventive Services Task and the American College of Obstetricians and
Gynecologists have added their contribution [41]. The new consensus Guidelines
are expected in October 2007. (Information by Kathleen Poole, Executive Director,
ASCCP). Both cytology and histology guidelines will also be reprinted in the
October 2007 issue of the Journal of Lower Genital Tract Disease. Algorithms for
the guidelines will be published in the Journal of Lower Genital Tract Disease. As
with the 2001 Guidelines, ASCCP will post free links to the AJOG published guide-
lines and the algorithms on its website. The algorithms will be available online on
October 1, 2007 [15].
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Whatever the Pap test result is, the woman should ask her doctor what are her
specific options within the limits of the clinical actions those Guidelines are recom-
mending. The Guidelines are neither a law nor are applicable to every woman.
Individual variances should always be considered.

The Guidelines are a medical document. To help our readers to grasp easily and
understand better what is recommended there, we have compiled these guidelines
and have summarized them into a table (Table 2.6), which is supposed to be a sim-
plified version customized for general public. If new Guidelines are issued before
this book is in print, we will update this table.

There are two major components in the table: The 2001 Bethesda System
Terminology and the ASCCP Guidelines. The Pap test and the cytological abnor-
malities found on Pap test are discussed in the previous section (2.3.2).

The 2001 Bethesda System terminology is a consensus taxonomy trying to
systematize cytological results describing normal or pathological clinical con-
ditions which were identified on cervical specimens obtained from healthy
women, or women with hidden disease during cervical cancer screening proce-
dure. A woman with symptoms or Pap test positive result requires gynecological
diagnosis, not a screening test. How to reach this diagnosis has been left to doc-
tors to decide.

However, because approximately 50 million Pap tests are performed yearly in
the US, and about 3.5 million are found Pap positive, the members of ASCCP
have thought they can contribute to the standard of healthcare in the US by rec-
ommending criteria for management of women with positive Pap test results hop-
ing to improve the prognosis of women in the follow-up to screening. In 2001, the
ASCCP 2001 Guidelines were published as another consensus document, but
with recommendations as to what doctors should do after receiving the Pap test
result. In these Guidelines, the ASCCP is recommending clinical action options
to doctors who are making decisions what to do in the follow-up of women with
positive Pap test.

Those intentions were good and widely accepted. Our table summarizes those
recommendations [183]. For detailed information we recommend reading the new
ASCCP Guidelines that will be published in October 2007 (see above) [15].

The term consensus means an agreement — a document agreed upon by a group
of experts. Why is the consensus necessary? Because opinions are different;
therefore, the consensus is a collection of opinions on which everybody (or at
least the majority) has agreed. It also means that there are many other issues, not
mentioned in this document, on which the experts did not agree. One of those
issues is the personalized medicine approach. It seems, there is no agreement
how to approach an individual healthy woman who suddenly received informa-
tion that she might have a hidden cancer. The lack of consensus on this matter is
making women frustrated, feared, and antagonistic towards the test. This chapter
was intended to bridge this gap and to help women understand better what the
Pap test is all about, and how to handle different information which they may
receive from their doctors.

Let me try to explain the whole procedure presented on this table step-by-step.
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Table 2.6 Pap test screening results and management of women with abnormal Pap test

2001 Bethesda System Pap test 2001 ASCCP Guidelines for management of
women with cytological abnormalities
Negative | NIL Repeat annually or less frequent
Infection Treat infection
BCC - Repair — inflam | Repeat testing after 6 months — wait and watch
RCC Radiation
Benign UD
GC
Atrophy
EC post 40 years
Positive ASC-US HPV No Repeat at 12 months
HPV HR Colposcopy and control
4-6 months
ASC-H Colposcopy and further
LSIL Colposcopy 0 | Repeat cytology
+ | Biopsy
HSIL Colposcopy with endocervical sampling, or
diagnostic excision
SCC Surgery
AGC-NOS Colposcopy with endocervical and/or
AGC-H endometrial sampling with control at 4-6
AIS months. Diagnostic excision if persistent
Adenocarcinoma Surgery
Endocervical
Endometrial
Extra uterine

NIL Negative for intraepithelial lesion or malignancy, BCC Benign cellular changes (normal
repair after inflammation or injury, radiation induced changers, intrauterine device [IUD] induced
changes, hormonally induced changes including atrophy after hormonal reduction), EC — endocer-
vical cells from cervical channel, ASC-US atypical squamous cells of undetermined significance
(first degree of abnormality, mostly subject to spontaneous resolution), ASC-H atypical squamous
cells but high degree of abnormality could not be eliminated (the screener has found one or more
cells which look abnormal but their number, distribution, shape and chromatin density do not allow
classification into HSIL group), LSIL low grade squamous intraepithelial lesion (cellular changes
similar to those caused by HPV disease — koilocytosis; could resolve spontaneously with improve-
ment of immuno-competence or HPV load reduction), HSIL high grade squamous intraepithelial
lesion is a sign of a more serious cervical lesion, which is not likely to resolve by itself and will
need further examination and intervention, AIS adenocarcinoma in situ (cancer started in glandular
cervical channel cells, but still refrained within the epithelium — between the base membrane with
basal cell layer and the superficial layer), AGS NOS atypical glandular cells (analog to ASC-US)
but with involvement of cells from the cervical channel, AGS-H analog to ASC-H but with glan-
dular cells, SCG squamous cell carcinoma (cervical cancer either in situ — local, or invasive, but
the diagnosis needs biopsy and histology)
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2.3.4.1 Pap Test Negative

If the result is “Pap test negative” it is a relief for a woman whose specimen was
examined. However, the category “Pap test negative” includes three subcategories:
Infection-inflammation, Benign/reactive cervical cells (BCC/RCC), and Endometrial
cells after 40 years of age. What is the meaning of these subcategories?

o [Infection/inflammation term is reserved for conditions when infection by bacte-
ria, fungi or parasites is present, the body responded with inflammation (pres-
ence of many inflammatory cells such as polymorphonuclears [PMN], monocytes
[histiocytes], lymphocytes), but cervical squamous cells show normal cytology.
We have seen severe acute gonococcal infections, but the parenchymal cells of
the cervix were not affected. Naturally, a woman with such result must be treated
for the infection.

* Benign cervical cells, this term is reserved for atypical cells which usually occur
in conditions that are considered as repair from previous inflammation, radiation,
women carrying IUD (intrauterine devices), older women with atrophic epithe-
lium or women at any age if their epithelium shows predominance of squamous
cells with increased amount of keratin. Cytokeratin is a callous, horny intracel-
lular protein which presence is usually reactive (in response to external factors),
but could be an additional sign of pre-cancerosis (keratin plus diskaryosis), too.

NOTE: Search for epithelial cells with keratin in blood has become a popular
test for diagnosis of cancer (cervical also) in blood. We do not recommend this
test because it is non-specific, and has nothing to do with early diagnosis of cer-
vical cancer — it could be of interest only for those women who do not go to
gynecologists from non-defendable reasons such as behavioral eccentricity.
Cytological diagnoses BCC (benign cellular changes) or RCC (reactive cellular
changes) are categorized as Pap negative, but should be considered as an abnor-
mal condition which deserves control of its progress.

e Between menarche and menopausal women cervical specimens must have endo-
cervical cells (collected by cytobrush from cervical canal) and, sometimes, may
have endometrial cells (spontaneously separated during menstruation). Atypical
endocervical or endometrial cells on Pap test may be associated with the pres-
ence of a wide variety of processes, including polyps, chronic endometritis,
hyperplasia, and carcinoma. Again, this is not a result that should be considered
as negative and be forgotten. It should be considered a result that indicates to an
abnormal condition, which is not cancer, but which should be followed.

The best description of cytopathological images of these “benign” conditions
could be found in the Comprehensive Cytopathology of M. Bibbo [19]. We do not
expect our readers to read a medical reference textbook, but it is important to note
that, even in this book, the criteria between cytological categories are not clear,
there is overlapping, and prediction on lesion histology is included in the pure cyto-
logical description of images. In other words, the temptation to explain the origin of
atypical cells found on smears is overwhelming, and the real intention of a screen-
ing test, to identify a possible lesion that has to be further examined, has been
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obscured. In this book, and only for the purpose of more critical reading, we are
trying to make distinctions between subcategories of Bethesda System terminology
clearer and better divided.

This entire group of Pap negative tests but with abnormal cytological results has
been barely considered in the 2001 ASCP Guidelines.

In addition, every woman should know that Pap test has been found to be of
medium sensitivity (only 51 %) and much better specificity (above 90 %), and that
false negative readings have been noted at average in 20 % of Pap test results. This
group is also not included in the 2001 ASCP Guidelines [183].

Having said that, we do not wish to frighten women with negative Pap test
results. We only wish to remind all women on the limitation of such consensus
statements and the relativity of the guidelines for clinical actions they recommend,
and to inspire women to ask doctors for more explanation, and to become active
participants in the protection of their own health.

2.3.4.2 Positive Pap Test

If a woman receives information that her specimen was found Pap positive, she
should ask what the sub-classification of this category is because this will determine
how her doctor will proceed.

There are ten sub-categories in the Pap positive group (Table 2.6). The 2001
ASCCP Guidelines recommend a different approach for each of them. New partial
guidelines (after 2001) have been even more specific with the “necessary”
procedures. Every gynecologist has been regularly updated with those instructions
and every woman can find them on the ASCCP Home Web Site on the Internet [14].

How to manage a woman with Pap positive test is really a compromise that doc-
tor has to make between the cytological result and the special circumstances that
may exist in each case. We have summarized those recommendations on (Table 2.6)
in a simple table and understandable manner. This is probably the best procedure
that a doctor should advise.

However, whatever Pap test positive result is, every woman should be aware of
three things:

e The result might be wrong
e The result indicates a condition that could resolve by itself
e The result needs confirmation by diagnostic tests (pelvic exam, colposcopy, etc.)

Recently, HPV testing has received more attention as an additional test to cyto-
logical Pap test. The ASCCP Guidelines have also incorporated or are incorporating
HPYV testing to different sub-categories of Pap positive results. Why? The reason
behind such an approach is the fact that persistent HPV disease (not infection only)
is a risk factor for cervical cancer. Another reason is the availability of cervical cells
collected in Pap test specimen collection solution. After the Pap test is completed,
the residual cells could be used as free specimen for HPV viral particle determina-
tion assays such as HC 2 (Digene), or any of DNA/RNA viral probe assay available
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as biomarker test — analyte-specific reagent — for research only. Having material
available, every additional test would add value to the diagnostic value of Pap test
(don’t forget that the Pap test is only a screening test — diagnosis is the next issue),
and any test that could indicate to the presence of an additional risk factor should be
helpful. This fact was acknowledged in FDA approval of HPV testing as the ancil-
lary test which could be used in the management of women with positive cytology
(ASCUS). The same caution is also expressed by the authors of the Bethesda System
who carefully discern the use of HPV testing from diagnosis of the clinical condi-
tion [163].

We are not against HPV testing, but we would like women to be aware that Pap
test is screening test (not diagnostic), HPV infection is not HPV disease, and HPV
disease is only a risk factor not cervical cancer. However, the presence of HPV posi-
tive test for “oncogenic” strains of the virus is a signal that additional attention must
be taken, and that this woman is at increased risk requiring more frequent Pap tests
and/or additional diagnostic testing. Part of this philosophy is included in the
Table 2.6. The danger of false alarms using HPV testing has been recognized long
time ago. In 1999, the Papanicolaou Society Annual Meeting indicated to this
unwanted effect [128].

2.3.4.3 What to Do?

The ASCCP Guidelines are recommendations for diagnostic and treatment proce-
dures. Because they are discussed in details in the next Sects. (2.4 and 2.5) we will
not talk about this part of the table here.

In general, after receiving Pap test result every woman should be alerted to talk
with her doctor and ask for advice. She should ask if the recommended action is
based on the cytological result only, on HPV test only, or is it based on the cytologi-
cal result upgraded for HPV result. Fortunately, all those combinations have one
outcome: colposcopy. This is a visual examination of the cervix in search for visible
lesions and is safe and painless. However, increased cytological category sometimes
requires biopsy. Biopsy, which could be painful and may have complications such
as bleeding and/or infection, should be avoided if not necessary. Doctors like to
discuss liability with educated patients, and this opportunity should be utilized on
mutual benefit.

We believe that this book will serve as a guide for women to ask proper questions
and receive the best answers. We also would like to convey that women should not
be afraid of Pap test (as many of them are now), but they should learn by using this
book how to help themselves find the best option what to do after receiving the Pap
test result.

2.3.4.4 Points to Consider

Women in the US are faced with a problem they cannot solve, but can help solving.
The name of this problem is the Frequency of Pap Test Screening.
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Originally, Pap test was recommended for annual screening. The same recom-
mendation is still valid for the countries where this test is to be introduced for the
first time. There is solid evidence that in these countries the mortality of cervical
cancer might be reduced to 50 % within 3 years — but only among women who will
be participating in the annual program.

Currently, there are 100 million American women at risk for cervical cancer.
According to the National Health Interview Survey (NHIS) in 1980, the estimated
number of Pap tests performed in the US per year was 50 million. This estimate
suggests that each woman had a chance to see the doctor once in 2 years. But, in
reality, 20 million American women do not participate; therefore, this period
between two screening periods for preventive program participants has already been
extended to 3 years. Recent analysis by the same NHIS has projected reduction of
annual Pap test for 43 % from current 50 million test because of the impact the HPV
testing and HPV vaccination could have on the frequency of Pap test screening [63].

A reduction of 43 % is a total of 22 million tests per year. Although this will not
be written in the new Guidelines, the reality is suggesting that an extension of the
period between two tests to five years will be considered “safe.” We think, this
extension, even as a theoretical chance, could cause an unnecessary risk for
American women and the reoccurrence of cervical cancer within such less protected
population will became a predictable outcome.

Our message in this book is that every woman should take her share of the
responsibility for her own health. Insistence on cytological screening per year or
once in 2 years has been proven as safe for participants. This should not be changed
unless, after 10 or 20 years, sufficient evidence will accrue that HPV vaccination
has prevented the occurrence of cervical cancer (not the HPV infection as the cur-
rent scientific reports declare). Until this time, the best cancer preventive measure
should be kept available at the frequency of testing that has been confirmed in
50 years of experience.

2.3.5 Biomarkers and Cervical Cancer

Since the liquid-based-Pap test (LBP) was introduced, this new specimen collection
technique has not met the goal for which it was introduced for (reducing the sam-
pling error) but has fought for new applications in order to stay on the multibillion
market of cancer screening.

When HPV was recognized as being intimately connected with cervical cancer
and the first HPV testing was performed in the Pap test specimen collecting solu-
tion, the interest of molecular biologists turned towards LBP specimens as a source
of human nuclear material for their genetic experiments. Indeed, it was true, LBP
cervical specimens could be used as material resource for molecular biology meth-
ods (e.g., DNA/RNA, PCR, immuno-hybridization), which, in turn, could be applied
for studying cells in transformation from normal to dysplastic and malignant. Many
hopes were entrusted into studying HPV viral particles in transforming cells,
changes in proteins, enzymes, signals, and pathways caused by HPV and/or cancer.
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Many connections were found in laboratory experiments (cell cultures), some cor-
relations between molecular markers and histology were identified, but no signifi-
cant correlation with cytology was identified; consequently, no Pap specimen-related
biomarker assay usable for a routine clinical application has been developed yet
[133].

In the meantime, consensus conferences on cervical cancer have declared that:

e Pap test is not perfect (cit: nobody has ever said so)

e Pap test sensitivity is low (approximately 50 %) for a screening test — reported in
a meta-analysis published by AHRQ (Agency for Healthcare Research Quality),
but accepted widely

e Pap test specificity is better but not sufficient (many false positive results with
costly unnecessary biopsies ending with a blind biopsy because the lesion was
not seen on colposcopy indicated by the positive Pap)

* The prognosis of the disease progress was poor (cit: screening test is not for this
purpose)

e The therapy cannot be ordered according to the Pap test results — only further
diagnostic procedures (cit: this was known from the very beginning) [115].

These conclusions show an increasing tendency to add values to the conven-
tional Pap test, but these new values are expected to come from increasing its poten-
tials for clinical diagnosis and for prognosis of the disease. It is an area where
biomarkers can demonstrate their advantages. However, it should not be done for
the cost of loosing the main purpose of the Pap test — no woman with epithelial cell
abnormality should be missed. At this moment, biomarkers based on molecular
methods without cytology cannot meet this requirement.

We think, the efforts should be directed towards development of molecular bio-
markers within cytologically identifiable cells on Pap specimens. MarkPap technol-
ogy is an example of such an approach (see below).

2.3.5.1 Biomarkers as Analyte-Specific Reagents (ASR)

This is how the story of molecular biomarkers began.

Biomarker assays are modern tools intended to improve diagnosis and therapy of
cancers. Cervical cancer in particular has been a subject of many efforts to discover
reagents targeting specific molecules or processes involved in cancerogenesis or
promotion of cancer (cancer biomarkers), which have been intended to improve an
early assessment of disease prognosis and to guide therapeutic measures. Table 2.7
summarizes several biomarkers associated with cervical cancer.

A popular example of such in-house developed biomarkers is the ProEx C
Analyte Specific Reagent promoted by TriPath Imaging in 2005 [18]. At this
moment, I would like to attract your attention onto the phrase Analyte Specific
Reagent (ASR). This phrase is reserved for all assays developed to detect or to dem-
onstrate activity of biologically active molecules, which could be used for research
only. Biomarkers are the same active molecules, but applied in clinical medicine as
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Table 2.7 Biomarkers (Analyte-specific reagents for research use only) with clinical or potential
clinical usefulness

Biomarker Method Reported Date | Comment
Genes: APC, Quantitative Reesink- 2004 | Call for more genes
DAPK, hypermethylation specific Peters N, and more specific
MGMT, PCR etal. [152]
GSTP1
Cervical Aid | Nanotechnology, cellular Markovic N, |2006 | Trademark: MarkPap®
Phosphatase microarray, signal Markovic O available at www.
on cervical amplification by chemistry [118] bioscicon.com
smears or
monolayers
Telomerase — | Protein released in cell when | Medical 1999 | Nonspecific
nuclear chromosomes become Laboratory
enzyme in genetically unstable Observer [11]
cytoplasm Lang LH
[104]
HTERT, Molecular diagnostics Shoji 2006 | Concept based upon
IGFBP-3, Takahashi literature search
transferrin [166]
receptor,
beta-catenin,
HPV E6 and
E7
Panel of Different techniques Malinowski | 2007 | Uncontrolled signal
molecular DP[112] transduction, cell cycle
biomarkers deregulation, activation

of DNA replication,
altered extra-cellular
matrix interactions.

Serum markers

Proteomics and glycomics in
HPV and cervical cancer

Greenwell P
[76]

2007

Only a project, no data.
Fishing expedition — no
idea

E7 protein HPYV - optical imaging of Kumar S 2006 | Promotes reentry in
nanogold particles, E7 [103] S-phase of
antibody, confocal differentiated
microscopy — contrast keratinocytes
enhancing
Biomarker in | Oncogene protein epitope Yoon SK, 2004 | Non specific— found in
serum identified as Y(355) et al. [186] hepatocellular
LGTRR(360) carcinoma (virus)
MCM7 E2F-induced cellular DNS Brake T, 2003 | Only HSIL and SCC,
replication factor — staining | et al. [28] nothing earlier
Biomarker Method Reported Date | Comment
MCM proteins | Immunocytochemistry in Oberman 2005
tissue microarray etal. [144]
Cortez etal. | 2005

[51]

(continued)
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Table 2.7 (continued)

Biomarker Method Reported Date | Comment
SCC-ag in Serum protein (?) Bischoff R, 2003 | Only for recurrence
serum etal.
[24] — project
CIN Surrogate endpoint marker | Ruffin MT, 1995 | Cytological biomarker
etal. [153]
Search for NCI, NIH - collects tissue McFarlane 2002 | Project — fishing for
biomarkers specimens for DNA and KL [59] new biomarkers
RNA analyses Contract
solicitation
VEGF Angiogenesis Obermair A | 1999 | VEGF in CIN (1-3)
[143]
Pap smear® Biomarker for colposcopy FDA In use
approved
Weinstein
[108]
MarkPap® Proposed as a new biomarker | Not approved | 2003 | In process of approval
smear for colposcopy by FDA,
Markovic
[115]

aPap smear is the only cervical cancer biomarker recognized by FDA for colposcopy [108]

a marker for specific clinical action. Biomarkers need FDA approval, otherwise
should be considered as ASR. Some confusion in terminology is still present, and
we hope our readers will have the privilege of having more clear insight into this
emerging field.

In an excellent review of molecular diagnostics application in cervical cancer
prevention, Malinowski (2007) concluded that the multiple biomarker panels have
potentials to develop clinically useful molecular diagnostics [112]. His article is a
well-documented admission that, in spite all of efforts, molecular diagnostics has
not reached the level to replace the Pap test, and it should not be considered for
anything more than as an adjuvant methodology for certain prognostic aspects.

In his conclusion he writes something important for our book. “The molecular
diagnostic is likely to develop into,” he said, “a cell-based assay where the detection
of over expressed proteins in a cytology specimen can be correlated with current
morphology-based classification of disease and confirmed with biopsy sample. As
this correlation becomes established and the molecular diagnostics assay gain valid-
ity and clinical acceptance, the reliance on cell-based association will be dimin-
ished. This will ultimately lead to the migration of molecular diagnostics test to a no
slide assay format. The use of morphology-based classification for cervical carci-
noma and the malignant precursors that are currently detected using the Pap smear
will eventually be eliminated and replaced with more quantifiable and robust molec-
ular diagnostics assays.”

This long statement is important — he thinks that those new methods will replace
Pap test, but he does not specify whether it would be the Pap test as a cervical cancer
screening device, or the Pap test liquid sample where genetic and other type of test-
ing could be performed.



2.3 Prevention and Control of Cervical Cancer 79

For those who believe the Pap test should stay the best cancer screening test, this
discussion is only another attempt to open the huge cervical cancer market to
molecular biology industry without real justification.

Interestingly, in this review, the author is exclusively concentrated on molecular
diagnostic assays, genomic analysis, multi-gene diagnostic expression signatures,
combination of biomarkers and immunocytochemistry, but is not mentioning a very
simple MarkPap assay, which encompasses all the requirements for a specific bio-
marker for cervical cells abnormality and has produced images amenable for digital
image analysis at distance and telecytopathology. Consequently, we will address the
omitted technology at the end of this section.

For the purpose of better understanding the scope of cervical cancer biomarkers,
for this book only, we will try to summarize the information provided in Table 2.7
above and referenced in the literature. Generally, there are four groups of biomark-
ers and/or ASR considered of importance for cervical cancer:

1. Cytological (Pap smear, CAP, CIN)
2. Molecular and HPV related (genetic and DNA/RNA related such as cyclin E,
Ki-67, and p16) [2]

. Serum (still not proven)

4. Biomarkers, still in research phase, coming from different sources such as micro-
array analysis of cervical carcinoma cell lines, signal transduction and mitogen
activated protein kinase pathways in keratinocytes (superficial cervical cells
infected with HPV and showing signs or reentering into cell cycle), proliferation
expression signatures (CDC, MCM, TOP2a), extra-cellular matrix proteins
(cathepsin, metalloproteinases, integrin) and others, none of which has proven
clinical use yet [11, 112]

5. Potential biomarkers, like the role of angiogenesis (vascular endothelial growth
factor) in development of preinvasive lesions [143].

(O]

However, most of these biomarkers are not recognized as having clinical value.
Therefore, only a few are included into the FDA list of approved biomarkers [112]
and/or used in the clinical TNM (tumor/nodus/metastasis) classification for tumor
staging. Only Pap smear is in this list.

2.3.5.2 Cytological Biomarkers

We will continue discussion only on cytological and HPV related biomarkers.
Cytological are clearly defined:

e Pap smear is a biomarker for colposcopy, meaning that the Pap test negative
result excludes, and Pap test positive result indicates to a need for colposcopy.
Years of experience have proven the value of Pap smears for this purpose [33].

e CIN is histological diagnosis made on thin slices of biopsy-collected cervical
tissue. CIN 0-1 indicate to no intervention, CIN 2-3 +indicate to surgery.

e CAP is indicating the presence of cervical dysplasia and HPV disease. CAP
negative result is indicative of healthy cervico-vaginal epithelium, CAP positive
results call for colposcopy and HPV testing after and when needed [84].
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All HPV-related biomarkers are considered to provide prognostic factors to
improve cytological screening. Indeed, they provide information of the presence of
HPV infection, HPV disease, type of the HPV strains involved, evolution of cervical
disease (cancer or else), but they should not be used separately; therefore, their
value as cervical cancer markers is diminished. In studies followed the most cited
ALTS trial, the authors carefully discern the role of HPV testing and propose it to
be used for management strategy, not for diagnosis [127]. With the advent of HPV
vaccination, these makers, together with anti-HPV (strain specific) antibody in
serum may provide convincing evidence of the value for controlling the specific
immunity — this time is still in front of us.

Because Pap smear and CIN are well known and described elsewhere in this
book, we will concentrate now on cervical acid phosphatase (CAP) which will be
elaborated in Chap. 7.

2.3.5.3 MarkPap Test a Biomarker or a Surrogate End-Point
for Colposcopy

The reader is advised, at this moment, to refer to Chapter 7, Sec-1, where the new
version of MarkPap Test is presented in details together with IT technology
adjacent.

Readers are advised to Chap. 7.1 (New Tools, MarkPap Platform Technology
Illustrated) where the upgraded and expanded description of the removed text from
this page was completely presented.

The following sub-chapters should be found:

. MarkPap Test

. MarkPap Reagent Kit with Accessories

. MarkPap Specimen Self Collection Kit™
. MarkPap Telecytopatholgy Services ™

. MarkPap Digital TelePap

. MarkPap Mobile, Mobile-Pap.

AU A W=

2.3.5.4 PAP Smear as a Biomarker for Colposcopy Versus MarkPap Test

Finally, we would like to discuss a not so well known fact that Pap smear has been
accepted by FDA as a biomarker for colposcopy [108]. It has not been incorporated
into cervical cancer grading or staging diagnostic procedures, but is considered to
be a biomarker because it is a guide for clinical action. All Pap smear positive
women (ASCUS+) should go to colposcopy for further diagnosis; all Pap test nega-
tive women should come for the next scheduled screening test.

To be clinically acceptable, a biomarker assay should be sensitive, specific, cost-
effective, fast, and robust against inter-operator and inter-institutional variability. It
must demonstrate clinical value beyond that of other types of information that are
already available at the time of diagnosis [114]. Biomarker candidates must undergo
clinical validation before receiving US FDA approval. This has happened for Pap
smear.
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All other biomarkers are designated analyte-specific reagents (ASR) for research
purpose only. MarkPap assay includes Pap smear (PAP) plus detection of an analyte
specific reagent (CAP). MarkPap equals CAP+PAP. Having Pap smear is already
an FDA approved biomarker for colposcopy. It needs additional clinical evaluation
for CAP.

MarkPap was initially recommended as a biomarker (surrogate end-point) for
colposcopy [16, 115] (Fig. 2.5).

2.3.6 Human Papilloma Virus and Cervical Cancer

(A cervical cancer risk factor and how to avoid or reduce it).

Human papilloma virus (HPV) is considered to be the most significant risk
factor for cervical cancer not because the virus can produce cancer directly (e.g., by
altering the affected normal cell genomic structure and bringing the viral ability for
self replication), but because it can act in concert with other risk factors and cause
crucial events to occur (genetic mutation, failure of the repair system and failure of
immune control) that will lead an “abnormal” cell to progress into cancer and/or to
promote a HPV infected cancer growth [35].

HPYV denotes a family of more than 100 types of viruses. Certain types cause
warts (papilloma) and most of them do not cause cancer. High risk subtypes (strains)
linked to cervical cancer are 16, 18, 31, 33, 35, 45. Digene’s Hybrid Capture 2 test
is a diagnostic test for detection of genital HPV infection (a single test detects more
“highrisk™ viruses) [85]. There are new tests designed to detect viral particles, or
nuclear proteins (DNA fragments) of affected cells — this is considered to be of help
for assessing prognosis of the lesion from which cells are separated. None of these
new methods examines cells, therefore, for both screening and diagnostic purposes,
virus-detecting or virus-effect-detecting methods must be combined with cytologi-
cal methods (e.g., Pap test for screening, or histology for CIN diagnosis) to deter-
mine the status of health on the cervical specimens [107].

When the first antiHPV (high-risk strains) vaccine has been approved (Merck,
Gardasil in 2006), the hopes have been risen that this could be the first anti cervical
cancer vaccine and that every woman should be protected from this grave disease.
The second vaccine (GSK — Cervarix for HPV types 16, 18) is getting approvals
around the world (European Union approval published in September 2007), but we
still do not know whether our hopes for prevention of cervical cancer occurrence
will be realized and when in the foreseen future [73].

2.3.6.1 HPYV Disease

Fortunately for women, HPV virus is indeed contagious, sexually transmitted, but
not very virulent causing warts in 1 of 64 infected women, and cervical cancer in 1
of 2000 infected women. Occurrence of the disease is related to the immune defense
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Fig. 2.5 Cervical cancer images — colposcopy. (a). Colposcopy=scheme: IARC, Colposcopy
book. Images used by permission from IARC (Source: Colposcopy and Treatment of Cervical
Intraepithelial Neoplasia. A Beginner’s Manual. Eds. J.W. Sellors and R. Sankaranayanan. English
edition. IARC, 2007. ISBN 92 832 0412 3). (b). Transformational Zone — histology (IARC, Atlas
of histology). (¢). Cervicitis: IARC, Colposcopy book, #sfig9.2. Chronic cervicitis. Reddish
appearance and bleeding on touch. Scattered acetowhite small areas. (d). Leukoplakia: IARC,
Colposcopy book, #sfig7.4. Large acetowhite plaques of hyperkeratosis, (¢). CIN 1 lesion
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Fig 2.5 (continued) macroscopic appearance: IARC, Colposcopy book, #sfig7.16. Circumorificial
acetowhite lesion with fine mosaic. Histology indicated CIN 1. (f). Exophytic condyloma: IARC,
Colposcopy book, #sfig7.7. Wart, HPV infected tissue, tumor-like growth. (g). CIN 2 lesion mac-
roscopic appearance: IARC, Colposcopy book, #sfig7.20. Acetowhite lesions with coarse punctua-
tion and mosaics. Histology confirmed CIN 2. (h). CIN 3 lesion macroscopic appearance: IARC,
Colposcopy book, #sfig7.27. A dense, acetowhite, opaque, complex circumferential lesion.
Histology CIN 3 [88]

of each infected women, and the spontaneous resolution of the infection is the most
frequent outcome. If an infection continues — persistent or chronic, one should
always search for additional risk factors that may contribute to HPV disease. Only
persistent infection (above 1 year) was connected to cervical cancer. The low viru-
lence of this virus may also shorten the period of protection after HPV vaccination —
this would be a non-desirable, but possible situation with all consequences related
to a late development of HPV disease (warts, cancer) in previously immunized girls.

On the other side, it is well documented that invasive cervical cancers are “con-
taminated” with HPV and, what is particularly intriguing, with only certain types in
vast majority of cases. In 2007, Smith et al. published a meta-analysis of HPV virus
type distribution among 7094 cases of invasive cervical cancer (ICC) and 14,595
cases of HSIL reported worldwide. They found an overall prevalence between 86 %
and 94 % of HPV16 and HPV 18 as the most common types. Some differences were
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found between ICC and HSIL cases suggesting a possible type-specific influence on
the disease progression [161]. Again, this study confirms a strong association
between HPV and cervical cancer and justifies vaccination as a preventive measure
to reduce HPV, but for a single woman, it does not establish a true causal relation;
rather a relation of a co-factor in cancer promotion and progress.

(a) HPV Disease Epidemiology.

HPYV is the common wart virus spread over the globe. It is the cause of the vari-
ous kinds of warts (genital warts, plantar warts, flat warts) as well of cervical dys-
plasia, vaginal dysplasia, and cervical cancer. HPV has been implicated as a cause
of infertility, miscarriages, vaginosis, vulvar vestibulitis syndrome, prostate disease
in men, and laryngeal papillomatosis (both genders). Genital HPV is highly conta-
gious sexually transmitted infection which does not cause a symptomatic disease in
men, but in women cause development of either benign proliferation of infected
tissue (genital warts) or cervical cancer.

HPYV affects both women and men. It is easily transmitted. Centers for Disease
Control and Prevention (CDC) estimates that 20 million people in the United States
already had HPV in 2005. Approximately six million new cases of genital HPV
(more than 30 genital HPV types) appear each year; most of them (74 %) in
15-24 year age group [124]. However, the HPV disease rates are much better.
Again, according to CDC, in 2005, only 357,000 women were registered because of
genital warts, but more than four million had vaginal infection and 424,000 vaginal
trichomoniasis, or 106,000 vaginal herpes [40]. Invasive cervical cancer was found
in 10,000 women and CIS (carcinoma in situ) in about 40,000 (this information was
not confirmed by CDC) [41, 88]. These numbers confirm high contagiousness, low
virulence and uncertain natural immunity.

HPYV is not always transmitted sexually. However, the types that cause anoperi-
neal and genital warts (also called condyloma acuminata, venereal warts, genital
warts, vaginal warts and penile warts) and cervical dysplasia are most commonly
sexually transmitted, like low risk HPV types 6, 11, 42, 43, and 44. For this reason,
HPYV is classified as an STD (sexually transmitted disease) that can be transmitted
through sexual intercourse, oral sex, anal sex, or any skin-toskin contact.

HPYV is contagious even when warts and dysplasia are not present. Some HPV
types have a greater association than others with cervical dysplasia and cancer like
high risk HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. All HPV
types are contagious [74, 83, 85]. Some women develop genital warts, cervical/
vaginal dysplasia, or both, while others become carriers with no signs or symptomes,
or they become immune to certain HPV types. Men generally develop genital warts,
become carriers, or develop immunity.

HPYV infection and HPV disease rates should not be mixed with rates for cervical
cancer. However, in countries where cervical cancer rates are very high, like in
Mexico, where a woman dies from cervical cancer every 2 h, there is a solid ground
for alarming against HPV infection [70]
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(b) HPV Disease Pathogenesis.

It is believed that HPV virus enters the body after slight trauma to the epithelium
and needs superficial, highly differentiated cells for replication. Basal cells could be
infected but are unable to produce virus because they do not contain basic material
for viral replication. However, the viral DNA is often integrated in host chromo-
some in malignant HPV associated lesions. There is no solid evidence to support
any theory how a HPV infected cell could be transformed into malignant. The evi-
dence of a relation between HPV and cervical cancer is mostly epidemiological —
correlation. There is a theory that virus, integrated in cell chromosomes is responsible
for transformation during cell replication, but no hard evidence was provided [97,
185]. Based on indirect information, we would rather consider that cervical cancer
starts in a basal cell (mutation), begins to grow and, when passing HPV infected
tissue (condyloma) gets HPV virus and continue to grow together thereafter.
Figure 2.3c presents an imaginary of this situation.

(c) HPV Disease Clinical Symptoms.

HPV disease in women is almost an asymptomatic disorder if not for small dis-
comfort during intercourse and/or increased vaginal discharge. The only visible
signs are warts, small, soft, red or white papillomatous tissue growth on vaginal lips,
inside vagina, on cervix or in the vulvar region. Sometimes they accumulate form-
ing larger tissue formations — condyloma acuminata.

(d) HPV Disease Diagnosis.

History, pelvic exam and Pap smears with HC 2 HPV test are the first line of
diagnostic procedures to be considered if any suspicion of HPV infection appears.

It is impossible to determine how long someone has had an HPV infection.
Incubation period ranges from 1 to 3—6 months. Neither men nor women are rou-
tinely tested for HPV. Women, participating in regular cervical cancer screening
(Pap test) are indirectly tested for HPV disease. This is a condition when cervico-
vaginal epithelium responds to HPV infection by producing abnormal tissue growth
(papilloma, condyloma, or cancer). Typical “HPV induced cytological characteris-
tics” are a combination of nuclear images seen in cervical dysplasia (bi-nucleosis,
karyorrhexis, karyopycnosis, karyolysis) and “koilocytic characteristics” such as
cytoplasmic vacuolization and/or perinuclear hallo. If cells do not show cytological
abnormalities described above, the HPV infection goes undetected unless a Digene
Hybrid Capture HPV DNA Test is performed. (see Figs. 2.1e, 2.2e, and 2.3¢ for
cytological details).

Other testing methods (specific blood tests) may show that there has been HPV
infection in the past, but they cannot determine if HPV is currently present. HPV is
usually diagnosed because the cervical or vaginal cells obtained by Pap smear or
biopsy have the “characteristic appearance of HPV-infected cells” under micro-
scope. We prefer MarkPap test because it can detect HPV infected cells separated
from intraepithelial condyloma even before “koilocytic” shapes become obvious,
and is free of contamination with virus that may come from inactive cells (dormant
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phase) [21]. Figures 2.1e, 2.3b and 2.4c presents several HPV infected cells with
and without “koilocytic” appearance.

There are more than 100 types of HPV detectable by current laboratory technol-
ogy. Most of them are detected by tests conducted in addition to the Pap test (like
reflex testing or ancillary methods to improve the assessment of prognosis).
According to Zuna et al. [193], when cytology diagnoses were compared with HPV
test results, HPV DNA was present in all HSIL (23 different types) and in 94 %
invasive carcinoma (13 types). P16 biomarker was the most frequent in all
categories.

HPV types 16 and 18 are involved in 70 % of cervical cancer cases, and together
with HPV types 6 and 11 are involved in 90 % genital warts cases. Gardasil may not
fully protect everyone and does not prevent all types of cervical cancer, so it is
important to continue regular cervical cancer screenings [41, 124].

(e) HPV Therapy.

There is no therapy for HPV virus. However, there is therapy for warts — medical
creams (imiquimod, podofilox), cryotherapy and surgical excision including
LEEP. Additional therapy is available for diseases that present significant risk fac-
tors for cervical cancer, such as HIV/AIDS, metabolic and hormonal disorders, etc.
[97].

(f) HPV Prognosis.

The infection subsides spontaneously (following improvement of subject’s own
immune defense — immuno-competence), and doctors rarely need to intervene.

In healthy women, HPV can cause genital warts and cervical dysplasia (pre-
cancerosis). Warts are usually diagnosed at the pelvic exam, dysplasia at the cervi-
cal cancer screening (Pap test). Positive cytology is a sign of abnormal growth and
requires further diagnostic procedures or expectation to observe the disease prog-
ress. Improving the host immune defense during this time could frequently resolve
the problem. Intervention is necessary to “reduce the viral load.” It is usually done
by removal of warts. At this moment there is no specific antivirus therapy (like
Ribavirin for herpes virus infection).

The prognosis quo ad vitam is excellent because measures are available for pre-
vention of HPV disease development and removal of HPV induced lesions. However,
prognosis quo ad sanationem (cure) is uncertain.

2.3.6.2 HPYV Prevention and Vaccines

There are three levels of prevention to consider here:

1. Prevention of HPV infection
2. Prevention of HPV disease
3. Prevention of cervical cancer that could develop if HPV disease is persistent.

Each level requires a separate set of measures.
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Prevention of HPV infection requires safe sex. In the US this term implicates
sexual abstinence and use of condoms [119]. Asking for safe sex is a behavioral
intervention including education, providing participants with tools to apply the edu-
cation, and monitoring for compliance. Although it is easy to say, this is very diffi-
cult to implement.

Prevention of HPV disease requires an individual to concentrate on mainte-
nance and/or permanent improvement of her immuno-competence. To convince
patients to improve their self-defense against STD infection such as HPV is easy
because diet, exercise, and/or well-being are components of everyday life and girls
and women are susceptible to advices that will help. HPV vaccination belongs in
this category. Please see the next section for more discussion on this issue.

Prevention of cervical cancer in women with HPV is a combination of the
above mentioned measures, and the application of therapeutical measures to reduce
the viral load (medical creams and surgery) is helpful. These measures should be
combined with measures directed to reduction of all other cancer risks, if and when
present. This is why regular cervical cancer screening with cytological tests such as
Pap test are not expendable and women should know that, when going to see their
doctors for regular gynecological exam, they should ask for Pap test.

HPV Vaccines

In the US, only 10,000 women get cervical cancer annually (0.05 % of HPV infected)
and about 4000 (0.02 %) die from cancer. Obviously these rates do not justify the
assumption that HPV vaccination will prevent cervical cancer. However, because
most of cervical cancer cases show presence of high-risk HPV strains, it is widely
accepted that prevention of infection with those strains could reduce the probability
for cervical cancer occurrence — elimination/reduction of a significant risk factor
[41,70].

HPV vaccination is a procedure of teaching the body’s immune system, using
harmless viral particles, to recognize the harmful HPV virus (with infected cells)
and to destroy it in the next contact; thus, to prevent or to alleviate the HPV disease
that could lead to development of cervical cancer.

In June 2006, the FDA approved the vaccine Gardasil, which is highly effective
in preventing persistent infections with HPV types 6, 11, 16 and 18, which are
involved in about 70 % of cervical cancers and about 90 % of cervical warts [124].
The vaccine is based on technology developed by NCI scientists whose work laid
the foundation for the production of HPV “virus-like particle” or VLP (virus-like
particle) vaccines. Using genetic engineering techniques to manipulate the genetic
material of the virus, scientists created a vaccine consisting of non-infectious VLP
formed by a single protein — the L1 protein — from the outer surface of HPV. The L1
protein triggers a robust antibody response that neutralizes HPV infection. Gardasil
is comprised of a mixture of HPV type 6,11,16, and 18 VLPs. Studies to date have
shown that this vaccine provides protection against HPV 16 infection for at least
4 years. The vaccine is approved for use in females 9-26 years of age, but is most
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effective if given before the onset of sexual activity [130]. There are also reports of
adverse events including three deaths that question the safety of vaccination [96].
However, this report did not cause an alarm because, in comparison with millions of
vaccines already distributed, this “is a neglectable number.” We think, for those who
died, their deaths are not neglectable. Every woman should know that adverse
events after HPV vaccine happen and even death cannot be eliminated as one of the
risks. In May 2007, a comprehensive report based on scientific studies was pub-
lished in LA Times [123] cast doubts to the previous optimism about the success of
HPV vaccines.

The real problem is that, as of present, HPV vaccines may protect only against
several specific strains of HPV; they do not protect from cervical cancer — although,
we all would like to have them having this anticancer protection. This is the main
cause of the dispute. HPV disease is of minor significance — highly contagious by
sexual activity, none to mild clinical symptoms, frequently with self-resolution.
Notably, nobody will ever consider vaccination to prevent this type of disease.
However, cervical cancer is a grave disease and any preventive vaccination is highly
preferable. Currently, there is confusion even among health professionals how to
measure the effectiveness of these vaccines. A recent report from the FUTURE II
(Females United to Unilaterally Reduce Endo/Ectocervical Disease) Study Group
published in the New England Journal of Medicine (NEJM) has used a composite
endpoint to measure the effectiveness of vaccination. The problem is that this com-
posite endpoint included cancer and non-cancer diagnoses (HSIL, CIN 2/3, AIS and
invasive cervical cancer) instead of viral antibody that would be the most appropri-
ate [100]. The composite endpoints are usually used when the study is small and
cannot prove the point — in this case the endpoint would be cervical cancer. Since it
is a very rare disease, to have a group of vaccinated and a group of non-vaccinated
women with at least several cases of cervical cancer per group, and to search for
statistical significance, it would need probably tens of thousands subject/specimens
and many years of study. Therefore, this was a compromise. However, every woman
should know that such compromises are allowable in science, but not in medicine
when the truth is necessary for decision what to do with the patient.

There are more than 100 types of HPV. Of the 15 types that are considered to be
cancer causing, or oncogenic, HPV types 16 and 18 — which were first identified and
molecularly cloned by the researchers at the German Cancer Research Center — are
responsible for about 70 % of cervical cancers worldwide. In most women infected
with HPV, however, the infection will clear by itself and cervical cancer will not
develop; therefore, HPV infection is necessary but not sufficient for development of
the disease. Indeed, in the US the prevalence of HPV infection is as large as 40 % of
sexually active women (40 million), 2-3 million are getting this infection each year,
but only 10,000 develop cervical cancer. The probability of a woman in US to
develop cervical cancer after being diagnosed HPV positive is 1 in 2000 cases. Does
it justify mandatory vaccination? Surely does not at this time. However, it is good to
have the vaccine available, and it is good that Merck, GSK and other vaccine makers
increase their production with new strains, but the decision to take or not the vaccine
and when, must be left to individual decision.
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We wish every woman should understand how much it is important to make dif-
ference between public advertising of the “vaccine for cervical cancer” and the real
benefit she or her daughter could have from vaccination, and how much is important
for her to be able to make an educated decision.

Tomorrow

Scientists are striving to better understand why HPV infection clears in most
women, but persists in others and leads to cervical cancer in only some women with
persistent infections. Efforts to characterize the molecular pathways in cervical can-
cer cells, and to better understand how the interplay between these cells and their
environment (in particular the effects of hormones and immune system factors) may
affect cancer development and progression, should provide critical insights. We
believe, another tool, biomarkers, could be of substantial benefit on this road [120].

At the time this book will be published, many currently present dilemmas may
be solved. Here, we would try to identify some of these questions that are asked by
women and their caregivers in Summer 2007.

Dilemma about HPV vaccine is to take (who, when, why) or not to take it? Who
should be vaccinated? Most recent recommendations from the regulatory agencies
FDA, CMS, CDC will be presented [41]. In September 2007, the National
Coalition for Cervical Cancer, a non-profit organization of women with cervical
cancer, held 2007. National Conference in Washington, DC. The conclusion of
this conference represents the newest initiative for prevention of cervical cancer
including HPV vaccination and cytological screening [45]. On September 18,
2007, Women in Government, a non-profit organization from Washington, DC,
issued New State Policy Recommendations encouraging insurance providers to
adequately cover FDA-approved cervical cancer/HPV vaccines, Pap tests, and
HPYV tests [77]. On the other side, Judicial Watch uncovered three deaths related
to HPV vaccine out of 1637 adverse events reported within recent 4 years. Neither
adverse events nor deaths sounded an alarm against vaccination because of rarity
of these events [19].

We hope, the more grounded answers will be soon provided to common ques-
tions such as: How much and how long am I protected with HPV vaccination?
Should I continue with regular Pap test? Does HPV vaccine mean that Pap test
should be cancelled, or replaced by HPV vaccines? The answer is NO, and it will be
explained.

In summary, only a woman with cervix can get cervical cancer, but it does not
mean that a woman with cervix must get cervical cancer. The same analogy goes for
HPV (at least at the 2007 level of understanding): a woman having HPV infection
could get cervical cancer, but it does not mean she must get this cancer. In both
examples the probability is very low (below 1 %).

In 2015, some of these questions have been addressed, but not complete answers
are available. For details see Sect. 4.1.6.
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In summary, HPV infection is well documented, but the pathogeneses is still
more inclined to the tumor growth, than tumor-genesis. This inclination is raising
hopes that HPV immunization may be extended to cervical cancer treatment — elim-
ination of active virus may suppress further growth of the invasive tumor. However,
it needs more work to be done.

At present, HPV screening has been accepted as obligatory addition to cytologi-
cal Pap test and vice versa. Some attempts to replace Pap test with HPV alone have
been shown with insufficient evidence, and the cytological screening is still number
one in prevention and diagnosis of cervical cancer.

The attempts to make cervical cancer screening mandatory worldwide have
failed and the outreach is still below 10 % worldwide. This failure to increase the
outreach is due mostly to the need for infrastructure — not only the cost of the test,
by the entire procedure from healthy subject recruitment, testing and removal, of
suspect lesions. American experience, to reverse the cervical cancer prevalence and
mortality trends in individual countries seem unreachable is some new ideas are not
involved. This second edition is addressing this problem with two major novelties:
MeDyKO (a composite biomarker) and Telemedicine with mobile phone camera
component in combination with worldwide networking (see New strategy, Chap. 6
and New Tools Chap. 7).

There is also a moderation of the initial enthusiasm to vaccinate young girls and
even boys — the occurrence of side effects (some of them serious) although very
rare, have raised the threshold of caution and individual responsibility of parents
have been alerted rather than the government liability for mandatory vaccination —
as it was in prior period.

More technical improvements were provided by the health industry — mostly for
detecting high risk (“oncogenic”) HPV strains 16, 18. The new automatic HPV
particles reader is Cobas, manufactured by Roche, which got FDA approval for
primary screening for virus infection. This machine could be very useful for adding
to better prognosis of advanced lesions, LSIL and above, particularly CIN 2/3+. In
the context of using HPV vaccination for treatment of advanced cervical cancer,
such a specific diagnosis (only “oncogenic” strains) could be essential for disease
follow-up.

Anyhow, the interrelation between HPV disease and cervical cancer is well
established and this relationship lead to the description of a new composite bio-
marker (MeDyKo, see Chap. 7.2) which integrates instant information on cervical
cancer potential development, presence and prognosis. More work on this compos-
ite biomarker is warranted and offers new hopes for further advancement I the fight
against cervical cancer.

2.4 Diagnosis and Treatment of Cervical Cancer

Overview
Cervical cancer is a malignant disease — a qualitatively different condition from the
risk factors or any of the abnormal conditions identified in Pap test as pre-cancerosis.
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There are biomarkers, frequently found in cervical cancer cells, but they are typi-
cally identifying DNA/RNA or mitotic abnormalities, or HPV infection particles,
but not the malignancy itself. Not any single biomarker, no matter how specific it is
for demonstration of abnormal changes in cellular genomic or proteomic structure,
qualifies for being considered as cancer. Cervical cancer as an autonomic disease
could develop at any moment, in any precancerosis, and any level of “disease prog-
ress.” This truth defines our approach to cervical cancer.

Prevention and Control is an approach dealing with everything we know that
may precede or may trigger, support or promote cervical cancer occurrence, growth
and invasion. This approach includes procedures to avoid exposure to risk factors,
to reduce this exposure, to detect early signs of lesions that could develop into cervi-
cal cancer and to remove them (this is how the Pap test was described).

Diagnosis and Treatment is another approach dealing with:

e Cancer diagnosis — histological diagnosis: squamous cell carcinoma adenocarci-
noma, clear cell carcinoma, sarcoma

e Staging — assessment of cancer spread locally, regionally and through the entire
body (TNM classification — T (local spread — size of tumor; N — regional lymph
nodes; M — distant spread, metastases)

* Planning appropriate therapy based upon histological diagnosis, staging and the
relevant individual characteristics of the patient

e Assessment of the prognosis under different plans for therapy and decision
which plan to use.

There are a number of medical procedures in use for making objective and cor-
rect diagnosis, planning appropriate therapy and making reliable prognosis. Some
which are frequently used will be discussed in this book. Internet is great source of
information for cervical cancer diagnosis and treatment. The best American hospi-
tals have recognized the impact Internet can provide and have used its web pages for
informing general population of their own experience, and CNN is publicizing their
views and recommendation to public [46].

2.4.1 Diagnostic Methods

Diagnosis is a process in which a physician is using medical skills and tools to con-
firm, modify or reject an initial hypothesis about what is wrong with the patient and
to come to the conclusion how to help her best.

Diagnosis of cervical cancer begins after Pap test result has returned as positive,
if the patient has history of cervical cancer, or complains of symptoms that could
raise a suspicion of cervical cancer. When faced with a suspicion that the patient
might have cancer, the first objective of the doctor is to examine her thoroughly and
to confirm this diagnosis or reject the suspicion. Today, doctors have available all
tools necessary to make proper diagnosis with very little chance of mistake.

We shall now discuss some of these tools called diagnostic methods.
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2.4.1.1 Anamnesis — History

This is an extremely important part of the medical diagnostic procedure. This is
really an interview of patient’s complaints, but also, a guided inquiry of risk factors,
patient’s habits and concerns, and other information that may influence making an
exact diagnosis and application of the most promising plan for therapy. This inter-
view begins with the first information the patient provides at the nursing station,
continues with answering specific questions on the medical questionnaire, discuss-
ing with the nurse, and finally, summarizing this information with the doctor before
the physical exam.

An overt cervical cancer will present itself with easily recognizable signs and
symptoms: pelvic pain, bleeding between periods, difficulties with urination, losing
weight, fatigue, and depression. No woman or man who cares about his woman
should ever allow her to come in such situation.

Cervical cancer screening and the Pap test is a preventive medical procedure
(cancer control) designed for healthy, asymptomatic women who might have pre-
cancerosis or early signs of lesions that could develop into cervical cancer. Women
coming to Pap test are typically without complaints and symptoms and in good
health including sexual health. Diagnosis is the next procedure, designed for
patients, women who failed on the screening test and women who could be consid-
ered as having a serious disease.

2.4.1.2 Pelvic Exam

Pelvic exam is a complete physical exam of woman’s pelvic organs by a health pro-
fessional. The exam is intended to determine the position, shape, size and sensitivity
of the vagina, cervix, uterus, fallopian tubes, ovaries and the surrounding organs,
urine bladder and bowel; also, to collect cervico-vaginal fluid and to inspect this
discharge for any presence of infection, abnormal spotting or bleeding and tumors.

The procedure is safe and painless unless disease exists. Details about the proce-
dure could be found elsewhere [187].

Invasive cervical cancer is detectable by pelvic exam. An experienced physician
can detect a presence of an abnormal mass, detect its location, size, relation with
other pelvic organs, detect sensitivity/ pain, and examine the condition of the sur-
rounding organs and tissues.

This is an excellent, safest, and most informative technique that should not be
avoided or replaced with instrumental examinations.

2.4.1.3 Colposcopy

Colposcopy is a diagnostic medical procedure intended to allow doctors to examine
visually with colposcope (Gr. kolpos — vagina; skopein — to view, examine) — an
instrument equipped with directional lights and magnifying glasses — the female
organs vulva, vagina and cervix.
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During this procedure, a speculum (L. speculum — mirror) is placed into vagina,
colposcope brought to approximately 15 cm, and a doctor inspects the superficial
areas of those organs looking through the magnifying glasses. Usually, it is impor-
tant for the doctor to brush off some vaginal fluid for better viewing. If cervix is not
within the best viewing distance, the doctor may use an instrument (forceps) to
pinch cervix and bring it closer. To improve the probability for correct visual diag-
nosis, doctors usually use vinegar swab (acetic acid 5 %) to present the abnormal
parts of epithelium as white patches over red background. These patches are consid-
ered to be cervical lesions causing abnormal cells to appear in Pap test [88, 141].

In the US, colposcopy is a gold standard for validation of Pap test. However, it
would be only a half of diagnosis unless a piece of the affected tissue is removed
immediately and sent for histological diagnosis. This procedure is called cervical
biopsy and is described below.

2.4.1.4 Biopsy

Biopsy is a diagnostic procedure designed to collect a piece of the sick-looking tis-
sue from the body and to give it to pathology laboratory for processing and histo-
logical analysis. Biopsy could be done on normal tissue to serve as control or by
mistake. Normal tissue biopsy should be avoided because of small, but still present,
risks for bleeding and infection. Multiple biopsies may produce scars with disfig-
urement of the cervix.

In cervical pathology, biopsy is performed during colposcopy and the doctor is
targeting white patches. The material is taken with a special cervical biopsy forceps
with cutting edges at the tip. The sampled tissue should be diagnostic of the condi-
tion causing this epithelial abnormality. All epithelial abnormalities are determined
using histological analysis and terminology.

There are Pap test providers who, because they cannot be sure in their findings
on colposcopy (usually the borderline images between normal and abnormal epithe-
lium) conduct cervical biopsy more frequently than necessary — just to be on the
safe side. Sometimes, performing biopsy with colposcopy could be a request from
the clinical trial in which the doctor is participating. However, if biopsy is
diagnostically unnecessary, we are recommending an Informed Consent to be taken
from the patient before this procedure is performed. This simple procedure will
protect the patient’s rights and the doctor’s compliance with medical ethics and the
DHHS OHRP (Office of Human Research Protection) requirements.

2.4.1.5 Histology

Histology (Gr. histos — web, tissue) is the study of tissue (a mass or layer of cells
forming the basic structural material of an animal of plant) separated from the
source by biopsy and processed in pathology laboratory for a pathologist to examine
the tissue and make histological diagnosis. This procedure is separate for normal
(microscopic anatomy) and for sick tissue (microscopic pathology) [89, 180].
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Histological diagnosis of cervical tissue obtained by biopsy is determined in
terms of CIN (Cervical Intraepithelial Neoplasia) categories [93]. There are four
grades of CIN: CIN 0 or no CIN, CIN 1 of mild dysplasia, CIN 2 or moderate dys-
plasia, and CIN 3 or severe dysplasia. The CIN 3 is usually alternated with CIS
(carcinoma in situ diagnosis), which is the first degree of cervical cancer [84] (see
Fig. 2.2 for details).

How is this done?

The specimen, a piece of tissue pinched from the cervix, is processed in a pathol-
ogy laboratory. It is usually embedded into paraffin to preserve the structure, sliced
in thin slices and stained with histological stains hematoxylin-eosin to present the
tissue composition for microscopic examination.

A pathologist is examining the stained tissue specimen with microscope and is
looking for histological features concerned with differentiation, maturation and
stratification of cells and nuclear abnormalities. The proportion of thickness of epi-
thelium showing mature and differentiated cells is used for grading CIN. More
severe degrees of CIN (CIN 2-3) have a greater proportion of undifferentiated cells
with only tiny layer of mature, differentiated cells on the surface. If the basal mem-
brane is disrupted, and the undifferentiated cells invade the subepithelial tissue, the
diagnosis of invasive cervical cancer is made (ICC) [84].

Nuclear abnormalities include, but are not limited to nuclear enlargement,
nuclear-cytoplasmic ratio, and increased intensity of nuclear staining (hyperchro-
masia). Mitotic figures are rare in normal tissue; their frequency is increased in
immature tissue. These features are used for grading CIN. The type of cells involved
is crucial for diagnosis of CIS (carcinoma in situ — cervical cancer confined within
the epithelium at one place), condyloma (Gr. kondyloma — knob) HPV induced
growth of abnormal cells (but not cancer) or other growth of morbid excrescence
(e.g., polyp).

HPV virus is known to produce a specific type of cells (koilocytes), which
typically have nuclear alterations (morphologically indistinguishable from images
typical for cervical dysplasia) and a cavity within the cytoplasm containing cel-
lular debris. It happens because HPV virus (oncogenic strains) affects cell nuclei
and initiates apoptosis (programmed cell death); nuclear abnormalities and cel-
lular cavities are cytological presentation of these events. The virus usually affects
cells from more superficial layers; consequently, cytological images will include
cells with parakeratosis, abnormal nuclei and keratin (protein present in superfi-
cial layers). Some authors believe that HPV virus can cause reverse differentia-
tion (dedifferentiation) of superficial cells and initiate new cycle of mitotic
replication, but we think this is not likely, and that virus is affecting the cells from
a neighboring layer (intermediary) which nuclei still have this ability although
abated (Fig. 2.3).

The virus could be integrated in the host genome early and can cause disruption
of normal maturation (can be identified by expression of E6/E7 oncoproteins) and
the loss of growth control. If infection is persistent, koilocytes grow into papilloma-
tous benign tumors (warts) or, rarely, into cervical cancer.
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Histological classification must be definite for diagnosis of cancer. Clinical
actions are determined by CIN classification. See Fig. 2.2 and Table 2.8 and the text
below.

2.4.1.6 Ancillary Methods

The term ancillary method is applied for non-standard laboratory techniques that
could, under certain conditions, improve the diagnostic accuracy of the standard
diagnostic practice. The Bethesda System recognizes cytological staining with
Papanicolaou stains as the only standard method for cervical cancer screening. The
Gynecological Histopathology recommends hematoxylin/eosin staining for tissue
slices. All other methods are considered as ancillary [162].

The 2001 Bethesda System has included all non-cytological testing into the
ancillary category, which includes HPV testing by any of available molecular biol-
ogy techniques using nucleic acid probes (e.g., Hybrid Capture 2 test) that is a
nucleic acid hybridization signal amplification system, Southern blotting utilizing
direct hybridization with complementary DNA probes, or target nucleic acid ampli-
fication (notably the polymerase chain reaction) for HPV detection, genotyping, and
viral load detection [57].

Microscopic methods for detection of organisms such as trichomonas vaginalis,
fungi (candida), actinomyces, shift of flora suggestive of bacterial vaginosis, or
cellular changes consistent with herpes simplex infection, belong in the same cate-
gory [165].

In this book, we present an emerging new biomarker-based method for detection
of cervical acid phosphatase as a biomarker of cellular abnormality. This method is
very simple although, because of the techniques used, it is defined as
“nanotechnology-based cellular micro-array method for measurement of molecular
signals amplified by chemical reactions” [21]. In 2007, this method is available in
the US For Investigational Use Only, before it is approved by FDA.

2.4.1.7 Diagnostic Interventions

Excisional biopsy is the first and the most important diagnostic procedure to deter-
mine the prognosis of surgical therapy. This procedure is combined of surgical
removal of cervical lesion with a significant part of normal-looking tissue around
this lesion (sides and depth), and histological analysis to determine whether the
borderline regions are free of tumor, or tumor had invaded surrounding and/or
deeper tissues. If the borderline regions are free of tumor (CIS), this diagnostic
procedure becomes therapeutic, and the removal of the lesion is equal to cure. This
is why the excisional biopsy must be done by specialist and properly followed by
competent histology. There are two most frequently used methods for this diagnos-
tic removal of tumor: Loop Excision, and Cone Biopsy (Conization).
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Table 2.8 Diagnostic procedure after positive Pap test

2 Cervical Cancer

Diagnosis and therapy of cervical cancer

A. THIS IS HOW IT BEGINS

Pre Pap

Anamnesis, Pelvic exam,

Speculoscopy”

Vaginal fluids, if necessary

Pap screening

Pap smear of Liquid-based specimen

Pap negative

Repeat procedure after at last one year

B. DIAGNOSTIC PROCEDURES AFTER POSITIVE PAP TEST

Pap positive Colposcopy Negative Reevaluate cytology

Positive Biopsy — Histology
ASC-US+ Histology CIN O Reevaluate colposcopy and cytology
AGC+ CIN 1 Test for HPV type

CIN 2 Diagnostic excisional biopsy

CIN 3 Therapeutic excision

CIS Staging & Surgery (see below)

C. DIAGNOSIS & THERAPY OF CERVICAL CANCER

Diagnosis: Staging Chest X-ray, CT scan (CAT), Lymphangiogram,
Cervical Methods Pretreatment surgical staging, Ultrasound exam, MRI
cancer (magnetic resonance imaging)
Stages Definition Therapeutical options in 2007
0 CIS Intraepithelial (CIS) | LEEP, Laser surgery, Conization,
Cryosurgery
1 1A Invasive, Hysterectomy, Conization, Radical
microscopical size hysterectomy
1B Invasive, visible size | Radiation therapy (int+ext), Radical
hysterectomy, Chemotherapy
2 2A Cervix +vagina — not | Combination of internal and
other tissues external radiation, radical
hysterectomy with lymph node
removal, chemotherapy
2B Upper vagina and Internal and external radiotherapy
uterus with chemotherapy
3 3A Whole vagina, pelvis | Internal and external radiotherapy
wall with chemotherapy
3B Block ureters, lymph
nodes
4 4A Bladder, rectum, Internal and external radiotherapy
regional LN with chemotherapy
4B Pelvis, abdomen and | Palliative radiotherapy and or

distant MS

surgery, chemotherapy, clinical trials

D. THIS IS HOW IT MAY END: HEALTHY 0.9, PAP POSITIVE 0.1, COLPOSCOPY

POSITIVE 0.02, CIS 0.001, SCC 0.0001, DEATH 0.00002

aSpeculoscopy — visual examination without colposcope. CT computed tomography, LEEP loop
electrosurgical excision procedure, MS metastasis, LN lymph node
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Table 2.9 TNM classification of malignant tumors (Based upon UICC Guidelines)

Introduction

TNM (Tumor-Nodus-Metastasis) Classification of malignant tumors has been developed
and is maintained by the International Association Against Cancer (UICC). This globally
accepted classification is also used by the International Federation of Gynecology and
Obstetrics (FIGO), and is applicable for cervical cancer staging.

Mandatory Parameters (“T”, “N”, and “M”)

T (a, is, (0), size or direct extent of the primary tumor
1-4):
N (0-3): spread to regional lymph nodes
M (0/1): distant metastasis
Other Parameters
G (1-4): the grade of the cancer cells (low — well differentiated; high — poorly
differentiated)
R (0/1/2): the completeness of the surgery (resection, boundaries free of cancer
cells)
L (0/1): invasion into lymphatic vessels
V (0/1): invasion into veins
C (1-4): a modifier of the validity of the last mentioned parameter.
Prefix Modifiers
c: stage given by clinical examination of a patient. The c-prefix is implicit in
the absence of p-prefix
p: stage given by pathologic examination of surgical specimen
y: stage assessed after neoadjuvant therapy

Loop Excision

Loop excision (known as LEEP and LLETZ) uses a fine wire loop with electrical
energy flowing through it to remove the abnormal area of the cervix (lesion). This
wire loop serves as a surgical knife but is less damaging to cervical tissue. The tis-
sue removed is sent to the laboratory for examination. Loop excision is commonly
done under local anesthesia and causes little discomfort. However, loop excision is
a surgical procedure, it is designed to follow, not to precede the pinch biopsy, and
should be used with caution when indicated. Overuse of LEEP may cause unneces-
sary discomfort and damage to the patient [93].

Cone Biopsy

Cone biopsy (or Conization) removes a cone-shaped or cylindershaped piece of the
cervix. It is usually done in the operating room and can be done with a laser or with
conventional surgical instruments (cold-cone). The tissue removed is also sent to
the laboratory for examination. Cone biopsy has a higher rate for complications
including interfering with childbirth. Many surgeons are avoiding it and prefer
LEEP.
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Two other procedures used for excision of cervical tissue, cryotherapy and
laser treatment, destroy the tissue, the sample is not available for histological
diagnosis, and should be used only for therapy (see below) of cervical dysplasia
or pre-verified CIS.

For some time now, the WHO is recommending to developing countries to imple-
ment the “Screen & Treat” strategy. This is one time cervical screening procedure,
combined with cryoablation of any visible lesion. Since cryoablation is destroying
tissue, wide implementation of this policy could cause an increase of invasive cervi-
cal cancer occurrence. This is a medical intervention without histological verifica-
tion, and should be avoided — cytology after cryoablation is abnormal, and
cryoablation does not cure cancers — invasive cervical cancer could emerge
unnoticed.

2.4.2 Staging System

Once the diagnosis of cervical cancer is made, the patient is referred to a specialist
who will organize the next diagnostic steps and will plan therapy.

Approximately 40 years ago, the International Union Against Cancer (UICC)
has developed a system of procedures necessary for oncologists to take before
planning therapy for any single patient. The name of this clinical diagnostic tool is
TNM Classification of Malignant Tumors [171]. It is so important that we have
copied an overview of this tool from the Internet in order to give our readers at
least a simple information what could be necessary for them to undertake if diag-
nosis is cervical cancer. Please review the Tables 2.10 and 2.11. They contain
basic information what doctor is expected to know about his patient before begin-
ning to plan therapy.

According to the TNM Classification, each cancer should be determined by its
local growth (T — size in three dimensions), involvement of local lymph nodes (N —
even one lymph node positive is sign for radical operation or wider zone radiation),
and distant metastases (M — a single distant metastasis indicates to chemotherapy —
no local treatment alone could be successful).

This classification was accepted by the American Joint Committee on Cancer
(AJCC) and of the International Federation of Gynecology and Obstetrics
(FIGO).

The extent of cervical cancer must be described in term of this classification.
It requires many additional tests necessary to demonstrate local growth of tumor,
involvement of regional lymph nodes and presence/absence of distant
metastases.

Twenty years ago this task would have been very difficult and subject to many
errors in diagnostic procedures. Fortunately, with the advance of medical imaging,
the entire story has changed and the total staging is possible with extraordinary
accuracy.
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Table 2.10 TNM classification (UICC)

N category
Internal Mammary Node

Axillary Node

M Category
Metastases in:
Lung

Liver

T Cat
Bone avegory

Breast Primary

Table 2.11 History of invasive cervical cancer incidence and survival after treatment for US seer
estimates in 2004 [63]

Survival 5 Lifetime risk
Stage Percent years 2004 Prevalence 2004
T1INOMO 51 92.0%
TINIMO 34 55.7
TINIM1 9 16.5
Unstaged 5 60.1
All 99% of 13,050 | 71.05 1:142 for born in | 250,726 total 251/100,000
new 2004

For therapy options available to each stage, see in Table 2.8 above

2.4.2.1 Medical Imaging Used for Staging Cervical Cancer

Invasive cervical cancer is assessable for manual exam, but the precise size of local
tumor growth could be measured only with medical imaging instruments. These
instruments (X-ray, ultrasound, CAT, and MRI) are also used for detection of
enlarged lymph nodes or other affected organs [171].

Ultrasound (abdominal and vaginal), Computerized Axial Tomography (CAT)
and Magnetic Resonance Imaging (MRI) are medical imaging techniques widely in
use to determine the location and the size of a cervical cancer and the involvement
of regional lymph nodes or/and other organs in contact with cervix.
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Chest X-ray examination is used for detection of distant metastases.
Lymphangiography is used to search for lymph node metastases in deep pelvic,
para-aortic and inguinal areas. Bone radiography is used for detection of distant
bone metastasis, if any. PET Imaging (positron emission tomography, PET Scan) is
anewest technology available for detection of distant metastasis or vital tumor mass
in pelvis.

Any other medical imaging or diagnostic technology should be used in search for
distant metastasis if any suspicion exists that they are present in the body, but not
detected with the routine diagnostic methods cited above.

2.4.3 Planning Therapy

We cannot overemphasize the fact that the cervical cancer therapy, whatever it will
be, must be planned individually for each patient upfront; the patient should always
be informed about different options regarding survival, late consequences, pain and
fatigue, adverse events, and plans how to minimize those risks or alleviate them.
Informed Consent would be the best way to protect patients and physicians from
disappointment and possible conflicts that may arise during the failing treatment.

Once the staging is completed, the therapy could be planned according to the
previous experience of the success/failure of different therapeutic approaches
applied on the certain type of tumor and TNM stage [90]. The Table 2.8, Diagnostic
procedures after positive Pap test and Therapy for cervical cancer according to the
diagnosis, is an example of such planning. Unfortunately, in the case of cervical
cancer, therapeutic options are very limited once the cancer entered the invasive
phase. This can be seen on the next table, where radical surgery is indicated from
stage 1A, radiation and chemotherapy from stage 1B. Lower stages have better
prognosis with 5-year survival of about 90 % (stage 1). Higher stages have poor
prognosis and 5-year survival rate could be as low as 16 % (Table 2.9). This is unac-
ceptable, and every effort should be given to prevent disease progression to the level
of invasive cervical cancer. This book is dedicated to help women to be aware of the
disease and the current possibility to prevent, diagnose and treat it, and to ask their
doctors for regular examinations and removal of pre-cancerous lesion and risk fac-
tors on time before cervical cancer occur.

An important parameter for estimating the probability of success is the reported
data of studies designed to assess survival of patients if treated with a certain type
of therapy. Although this is only an estimate, medical doctors rely on this informa-
tion once they have completed histological and staging diagnostic procedure. The
following table is an overview of such data available for every woman to see and to
compare her situation (diagnosis), the recommended therapy and the expected
results (Table 2.11).

This table speaks for itself. Modern diagnosis and therapy are so effective, that
more than one half of patients are captured at the early phase (TINOMO) and the
5-year survival rate is above 90 %, which is almost as good as it could be. Obviously,
the nature of cervical cancer has not changed over time because those who are diag-
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nosed later (TIL1M1) have a very low 5-year survival rate (16.5 %) in spite of the
best therapy available.

The table also shows that among late diagnosed patients (approximately 1200
new cases) almost 900 died within 5 years. If diagnosis was made early, 1100 of
them would have survived. This is a striking difference in comparison with 6655
new cases early diagnosed of which, in the 5-year period, only 665 died while 6000
survived.

If a newborn baby girl has a chance to get cervical cancer 1:142 during her life-
time, this chance should be tremendously improved if she will participate in cervi-
cal cancer screening — the chance estimate is approaching zero, or 1:co. Similar
calculations make a basis for an optimistic prognosis that cervical cancer could
become the first cancer brought under control in the twenty-first century.

2.4.4 Cervical Cancer Treatment

Overview

Modern gynecological oncology has simplified the options for therapy of cervical
cancer. First, the decision must be made whether this cancer is curable by surgery,
or it has spread beyond the local reach of gynecological surgery. The Staging TNM
System has been developed to help doctors make this decision (Table 2.9).
Unfortunately, successful options are limited, once cancer has grown beyond
(Tables 2.8 and 2.11).

Once the staging is completed, the doctor will have to consider three major thera-
peutic options, surgery, radiotherapy and chemotherapy. Each of these three options
has its own advantages and limitations. Patients are also interested in alternative
medicine, and doctors should be able to help them with advice as how to use the
benefit without causing damage of different alternative methods.

Conventional therapy is surgery, radiotherapy and chemotherapy. Surgery is
extremely effective when used to eliminate local cancer (CIS and Stage 1A). For
upper stages, indications for surgery, radiology and chemotherapy are distinct, but
doctors usually decide for combinations [32]. Although we cannot speak for every
doctor, we believe that the decision for combination is given in good faith and wish-
ing the best to their patients — doctors are aware of the limitations of each and every
therapy available.

In addition, in the US, there are specialized institutions such as Cancer Treatment
Centers of America, where patients are offered Complementary and Alternative
Medicines under medical doctors’ control [33]. They offer:

e Nutrition Therapy (e.g., nutritional assessment, diet, supplementation [beta-
carotene, selenium, vitamin C, eicosapentaenoic acid, vitamin E] and
education)

e Pain Management (e.g., drug support and no drug management using behavioral
techniques, radiation, surgery, neurological and neurosurgical interventions, tra-
ditional nursing and psychosocial interventions)
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e Naturopathic Medicine which is intended to lessen the side effects of chemo-
therapy, radiation and surgery. It uses natural (e.g., Chinese medicine, psycho-
logical medicine, homeopathic medicine)

* Mind Body Medicine (e.g., stress management, relaxation and imagery training,
spiritual meditation, support groups, counseling, humor therapy, psychoeduca-
tional groups)

e Physical Therapy (such as manual [Swedish massage, reflexology, lymphoe-
dema massage] and occupational therapy)

e Spiritual Support (e.g., personal exploration of spiritual issues, symbolic lan-
guage, socialization, suffering, healing, death/dying issues, grief/loss, God/
church, guilt/forgiveness and prayer support)

e Image Enhancement (cosmetic image enhancement, and plastic and reconstruc-
tive surgery) — mostly for those on chemotherapy.

Interestingly, outside US, this type of support is expected from primary caregiv-
ers, medical doctors and nurses. They may have special training, but this training is
usually incorporated in medical studies, residency or graduate study for those who
would devote their lives to work in end-stage disease facilities.

In this book, we are only informing women about these options and recommend
considering using them only when the provider of standard medical care is asking
for additional support. More about this issue may be found in Chap. 3.

2.4.4.1 Surgical Therapy

There are three types of surgical interventions:

e Removal of CIS, local tumor without invasion (laser, cryotherapy, LEEP,
Conization)

e Removal of local tumor with limited invasion (Hysterectomy — all types)

 Palliative — reduction of tumor mass and restitution of function of other organs
affected by the tumor (ureters, urethra, bowel, nerves, blood and lymph flow).

Pre-cancerous conditions are usually treated with watchful monitoring. CIS must
be operated. Based upon the type, location, and size, the surgery could be local
(LEEP, cryo, conization) or more extensive like removal of the cervix or the uterus.

For the invasive cancer, the treatment depends on the spread of the cancer through
the lining of the cervix into deeper tissues, the extent of this spread (grade and stage
of the disease, stages 1-4), age and overall health of the patient. The depth of the
penetration of the tumor beyond the basement membrane is a guide to assess the
extent of the primary cancer (within the cervix, local surrounding tissues and lymph
nodes) and the likelihood of metastases. The treatment includes surgery (extrafas-
cial hysterectomy, radical hysterectomy), radiation, chemotherapy and combined
modalities treatment, such as applied in clinical trials. The most effective, emerging
techniques include operative laparoscopy, thermo and cryoablation [93].
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Hysterectomy

Hysterectomy (hysteros — womb in Greek) is the ultimate surgical treatment of cer-
vical cancer. It can be limited to cervix only (cervicotomy), involve the entire uterus
(hysterectomy), with an abdominal or vaginal approach; leave a piece of cervix
intact (subtotal hysterectomy), or include removal of complete uterus, adnexa, ova-
ries, lymph nodes, part of vagina and of pelvic tissue (radical hysterectomy).

Hysterectomy is a major surgery (with all risks of general anesthesia) and leaves
women with permanent damages, which pose new risks such as internal bleeding,
blood clots, damage to bladder, and infection. The risk of operational death is
1/1000. Postoperative complications are changes in sex drive, weight gain, consti-
pation and pelvic pain. Hot flushes and other peri-menopausal symptoms (if ovaries
are removed), early osteoporosis and depression can occur [7].

Hysterectomy is performed for treatment of many other conditions not related to
cervical cancer. The list includes endometriosis (20 %), benign growth (fibroids,
myoma), prolapsed uterus, pelvic inflammatory diseases (20 %). Tumors, including
cervical cancer caused only 10 % of all hysterectomies. In spite of the concerns that
many hysterectomies had been performed unnecessarily there is evidence that
women after hysterectomy could feel better. At least, this was suggested in the
Maine Woman’s Health Study [7].

Radical hysterectomy is a major surgery performed through an abdominal inci-
sion. Surgeon removes uterus along with tissues next to the uterus (parametria and
the uterosacral ligaments). Sometime, it may include removal of ovaries and fallo-
pian tubes. Regional lymph nodes are also removed. Such a radical operation has a
substantial impact on woman’s life and her physical, psychical and social
rehabilitation.

With a purpose, we are bringing in this group of surgery two interventions that
many authors consider more conservative, cryotherapy (freezing) and laser treatment
(when they are performed as therapy, not as diagnostic intervention). They are both
performed on the lesions seen on the cervix; both destroy cells and do not provide
insight into the condition of the normal tissue surrounding the lesion. Both proce-
dures should be reserved for definite CIN diagnosis only.

Because cryotherapy or cryoablation [182] is easy to perform and is of low cost,
it has been recommended for prevention of cervical cancer in developing countries.
The strategy “Screen & Treat,” which has been discussed before, has been approved
and providers (trained health personnel) has been allowed to inspect cervix under
the speculum, brush with a swab swamped in vinegar and, if white patches” appear,
to treat them with directed cryoablation. Obviously, this was a political decision and
has no roots in health science. Although white patches could be cleared, without
histological analysis of the surrounding tissue, nobody could be sure whether can-
cer cells were not left behind, and the woman, treated in such a way, could develop
invasive cervical cancer beyond curability. Cryosurgery could be accepted only by
surgeons and for removal of CIS.



104 2 Cervical Cancer

Trachelectomy is a specific surgery when lower part of uterus is preserved,
formed into artificial cervix and surrounded by vagina — this operation enable
women to have normal sexual life and pregnancy again.

2.4.4.2 Radiotherapy of Cervical Cancer

Radiation therapy uses high energy x-rays or particles to kill cancer cells. It can be
external or internal, or so called brachitherapy.

Radiotherapy or radiation therapy is the medical use of ionizing radiation as part
of cancer treatment to control malignant cells; it is different from radiology where
radiation is used for medical imaging and diagnosis [181]. Radiotherapy works by
damaging the DNA of cells. It is important to bring a radioactive source in contact
with the tumor. The beam of electrons (beta particles), protons (alpha particles) or
photons (X-rays) damage DNA chains both directly and indirectly via ionization of
water and forming free radicals which damage DNA. Radiation is not selective. It
damages normal (healthy) and cancer cells equally. However, at sub-lethal dose,
cancer cells suffer mostly because they do not posses DNA repair system as normal
cells, which survive the exposure to this dose. Radiation is limited to tumor cells
using oxygen for respiratory function. Anaerobic cells (most part of tumors) are less
responsive [181].

Radiation therapy is helpful for therapy of cancer and certain other diseases, but
it is dangerous for healthy tissues, present risk to personnel, and should be applied
only in secure environments — special rooms and special instruments. Cervical can-
cer is treated by two radiation therapy techniques — Teletherapy (External Beam
Radiation Therapy — EBRT), and Brachytherapy (sealed and unsealed source
radiotherapy).

Teletherapy (photons) is applied from outside the body, brachytherapy (elec-
trons and protons) requires installation of radioactive source inside the uterus
via a catheter-like applicator. Safety of both technologies is significantly
improved with Virtual Simulation (software to delineate tumor images in three-
dimension and to help planning radiation therapy). As a result, there is three-
Dimensional Conformal Radiotherapy (3DCRT), a technology shaping each
radiation beam to fit the profile of the target (organ, tumor). This approach
reduces the radiation delivered to normal tissue and enables providers to deliver
more radiation to the target.

Radiation therapy is delivered in fractions for several days and with intervals.
Planning radiation therapy is very personalized and each patient/tumor must have
its own protocol. In spite of all precautions, side effects are present and they may
limit efficiency of this therapy.

Side effects or adverse events are classified in acute (epithelial damage — sore-
ness, redness, swelling, ulceration), medium and long term (fibrosis due to scars,
local hair loss, dryness due to glandular damage, secondary cancer), and cumulative
effects.
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Details about patient preparation for radiation and peri- and post-operative care
are published in many instructions and always given to patients. One of the compre-
hensive summaries is available on the Internet [34].

Radiation therapy is indicated in all cervical cancer staged 1B and above. Results
are reciprocal with the grade, but at average, 5-year survival expectation rates are
above 80 %. This is still not considered satisfactory; therefore, radiation therapy
should be considered for combination with chemotherapy.

2.4.4.3 Chemotherapy of Cervical Cancer

Chemotherapy is therapy with drugs. This is a systemic type of therapy, different
from surgery and radiotherapy, which are local types of therapy. The goal of chemo-
therapy is to give a drug orally or per infusion in amount sufficient that this drug,
when reaching tumor tissue, will be in concentration that will enable it to enter into
tumor cells and exert the expected effect — kill cells or stop their reproductive abil-
ity. The problem is that chemotherapeutics are toxic, and a balance between their
beneficial and adverse effect must always be calculated for each patient before
application [35].

Another problem is that there is no drug specific for cervical cancer; conse-
quently, all anticancer drugs might be affective, but their real benefit versus toxicity
must be established in prior clinical trials. Having said that, we are trying to discour-
age individual experiments outside the well-documented studies; the risks are too
large. We would also like to discourage using alternative medicine in form of herbs,
extracts, teas, or injection that has not been proven. Particularly, different sorts of
“healthy herbs” marketed as food supplements may be even contra-productive.
Many times, the vitamins contained in those alternative medicines may counteract
the beneficial effects of anticancer drugs. The author of these lines has personal
experience with unexpected failures of otherwise good chemotherapy protocols
because of the counter effect produced by the food the family was bringing without
physician consent to their relatives in the hospital.

Since chemotherapy is only partially effective, there are many research efforts to
improve this situation by introducing new drugs (rarely), by changing drug combi-
nations doses and schedules (frequently) and by adding supplemental (adjunct)
drugs for correction of unwanted toxic effects of the chemotherapeutics. A lot of
information on chemotherapy of cervical cancer is available on the Internet (PubMed
site for professionals) many other sites for nonprofessionals.

One of them we may recommend is UK Cancer Research Web Site (http://www.
cancerhelp.org.uk) under the topic Cervical Cancer Chemotherapy. There is a com-
prehensive summary of what is available for those receiving chemotherapy for cer-
vical cancer [31].

Most of chemotherapy protocols for cervical cancer include cisplatin, ifosfamide,
paclitaxel, irinotecan, and gemcitabine in combination with cisplatin.

Cisplatin is made by chemical synthesis and contains platinum core and chlor
and amino groups. The drug acts by cross-linking with DNA, counteracts cell mito-
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sis while DNA repair mechanism cannot overcome the permanent damage caused
by cisplatin, and initiates apoptosis leading ultimately to cell death. Dose is adjusted
to affect only rapidly dividing cells like malignant cells. However, because the cer-
vical cancer is slow growing tumor, the potentials of cisplatin are limited.

Ifosfamide is an antimetabolite. It is chemically similar to nitrogen mustard and
cyclophosphamide. The drug requires metabolic activation in the liver. Active
metabolites interfere with DNA cross-linking and the cell division is aborted.
Ifosfamide was recommended as threeline chemotherapy for germ tumors (testicu-
lar, ovarian) and in combination with cisplatin for other tumors including cervical
cancer.

Paclitaxel is a new synthetic drug from a group known as Taxane (tradename
Taxol), but it was discovered as a natural product with anticancer effects. The drug
is an antimicrotubule agent that interferes with microtubule formation and disrupts
cell mitosis. It is recommended for treatment of metastatic breast cancer, metastatic
ovarian cancer, Kaposi’s sarcoma, and in combinations with other drugs for cervical
cancer [26].

Irinotecan (Camptosar) is a novel anticancer drug from the group of topoisom-
erase inhibitors. It requires liver transformation into an active metabolite. Its main
use is in colon cancer. It is also recommended in combinations with 5-fluorouracil
and leukovorin.

Gemcytabine (Gemzar) is a nucleoside analog that exhibits antitumor activity
(kills cells undergoing S1 phase of mitosis). It is incorporated into DNA and blocks
further synthesis. Gemzar is given in combination with cisplatin adding to this drug
for treatment of NSCLC (non-small cell lung cancer) and in pancreatic cancer.

Each of these drugs has its own toxicity that is related to their activity but on
healthy tissues that also have higher proliferation rate (gastrointestinal, genitouri-
nary) and also to metabolically sensitive parenchymal cells such as liver, neural, or
kidney. This toxicity is inherent with the drug structure and function and could be
manipulated only by changing the dose or regime of administration. Many protocols
are designed to counteract chemotherapeutic drug’s toxic effects, but many of them
have their own toxicity. An unbearable fatigue is the usual adverse effect of
chemotherapy. All other toxicities like impairment with immune defense (infections
treated with antibiotics), erosion of epithelium (total parenteral nutrition), bleeding
(platelet transfusions), and similar, could be alleviated and treated, but the chemo-
therapy will certainly influence the quality of life — at least during the period of
application. The risk/ benefit of this therapy must always be established for each
single patient. Our recommendations, given in the table above are only suggestions
for women in need and their doctors providing help.

This small review of drugs used for chemotherapy of cervical cancer is given to
show that the early detection of cervical lesions that could develop into cervical
cancer and their removal (excision biopsy) is the best possible treatment for cervical
cancer. Everything else is less effective and should be avoided.

At the end of this section, we would add that combination therapy has been
designed to reduce toxicity of individual drugs, and to widen the spectrum of targets
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(DNA, free radicals) inside tumor cells; thus to provide conditions for more effec-
tive therapy.

Newer type is Targeted therapy for cervical cancer. It includes drug Bevacizumab
(Avastin) which is an angiogenesis inhibitor and reduce blood supply feeding
cancer.

None of all three types of therapy for invasive cervical cancer could cure the
patients. They can provide temporary relief, postpone tumor growth, produce a
gamut of side effects, but quo ad vitam the prognosis is poor.

2.4.4.4 Non-surgical Therapy
Therapeutic Vaccination

Vaccinia virus recombinant MVA E2 vaccine could be used to treat CIN2/3 lesions
associated with HPV infection. In one study, 107 virus particles per dose were
injected directly into the uterus once every week over a 6-week period. The lesions
were eliminated in 20/34 patients, 11/34 had reduction of 50 % in lesion size. All
patients developed antibodies against MVA E2 vaccine suggesting limitation of fur-
ther treatment [70].

Self-Support

We strongly believe that cancer patients must fight their disease with full support of
their families. As an oncologist, I have witnessed the devastating effect of depres-
sion and lack of hope — simply lives were terminated shortly after such psychologi-
cal desperation occurred. On the contrary, those who were able to see “the light in
the tunnel” lived much longer and their wellbeing was preserved in between the
series of recurrent therapies. The choice, without exception, is in favor of psycho-
logical support before, during and after any kind of medical activity designed to
prolong the life of cancer patient.

2.4.4.5 Immunotherapy

Experience from modern Africa has shown that cervical cancer incidence is higher
among patients from HIV disease and that individual cases are in more advanced
phase than if occurring in healthy subjects without HIV. Human immunodeficiency
virus is causing breakdown of the immune system providing environment for other
risk factors to promote generating cervical cancer and to support its growth. In this
situation, similar to the breaks of immune system by chemotherapy, it is important
to support the patient’s immune system by options described as biological therapy
or biotherapy. Immunotherapy works by stimulating the ailing immunize system to
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attack cancer cells or/and providing with appropriate antibodies — usually, specific
monoclonal antibodies. This approach to cervical cancer therapy is still in develop-
mental phase and final conclusion of its still is pending.

The prevention of cervical cancer is still the only option for cure.

2.5 2016 Estimate of the Prognosis for Cervical Cancer

Not a long ago, cancer was officially considered as a non-communicable disease
because it was clear that cells cannot be transferred by simple communication
between persons. Recently, the sharp increase of cancer risk factors, many of which
include infectious agents as viruses, bacteria, and/or parasites; have slowly started
to change this dogma.

Cervical cancer, in particular, is related to chronic inflammation which is caused
by viruses and in some cases by other infectious agents. Consequently, modern
epidemiologists consider cervical cancer as a sort of a communicable disease.

Because of this change of opinions, we have decided to describe the prognosis of
cervical cancer dichotomically: as an individual and as a social disease. All mea-
sures, medicine is using to postpone death from cervical cancer, such as prevention,
surveillance, diagnosis, therapy and palliation, are still actual and effective if applied
for the benefit of individual women as well as for the societies where women pres-
ent a half of the population.

The crucial change in the social aspect of this fight is the IT revolution and intro-
duction of mobile phone telemedicine with possibility to bridge the disparity by
connecting scattered points-of-care with remote expert medical centers and to pro-
vide high qualified diagnosis and guidance within hours — or while women is still on
the premises. This is a novelty you will find in our book.

But, measuring the success/failure rate of medical approaches is different for
individual women and for the society.

For individual women, the success is (1) early detection of lesions in removable
phase before the tumor growth has reached the CIN 2 phase; (2) Diagnosis of tumor
before its growth has passed 1A phase (still radically operable); (3) Availability of
tools and procedures to extend life or to postpone death.

For society, the measures are epidemiological: (1) Mortality rate (proportion
of women who die from cervical cancer in 1 year; (2) Prevalence rate (proportion
of women with cervical cancer within 1 year in a certain society. (3) Incidence
(proportion of women who get cervical cancer in a population of 100,000 women
at risk).

Then other aspect of the same question is what the society is? The answer is
clear. Cervical cancer is ubiquitous disease. It does not recognize territory, race,
social or economic status — it attacks every women, at any time and any place.
Consequently, our Fight against cervical cancer must be directed to all women
worldwide. This is why we selected a New Strategy for Global Cervical Cancer
Screening Application.
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Cervical cancer screening is only a part of the Global Fight Against cervical
cancer. But, this part is extremely important if applied for all women at risk and
conducted properly.

According to American experience, which serves as a “gold” standard, social
impact to target is the reversal of mortality and prevalence of cervical cancer in a
country and achieving a continuous trend towards reduction (self-sustainability of
the procedure per country). In the US, it was achieved only when the outreach of
women at risk passed the threshold of 51 % during a period of about 50 years.

Is it possible to achieve in the world? This book is trying to provide an option
instead of answering the question. We believe the answer is yes, for shorter period
of time, e.g. 10-15 years, and for much less cost than in the US. Our calculations
have shown that current finding is a sufficient to change the strategy only if the GDP
per capita in a respected country is about $10,000. Low and Middle Income
Countries must be subsidized to make the modern cervical cancer screening and
prevention meeting the goal to reverse cervical cancer trends in their countries. But,
a cervical cancer epidemic of mortality and prevalence is a world problem, and
United Nations and World Health Organization are expected to do their part, too.

However, this strategy cannot be achieved in most of the current world unless the
strategy in each country is changed, the government do not adopt goal-oriented
policy, the professional societies change their guidance including the modern elec-
tronic communication devices (mobile and internet), health industry provide tools
to meet the new strategy, and health care providers teach women on how to fight for
wellbeing in their lives, not only how to diagnose and treat diseases.

Some of these topics are explained in details in our book, some are only pre-
sented as guidelines, and some are only mentioned as future options.

Finally, we believe, the readers of this book, will spread this challenge and will
seed the new ideas that will slowly grow for the benefit of women in the whole
world. But, this road is long and full of hurdles. It will need courage and will to go,
not only to come to the end. This is why the book is addressed to all women — they
have to fight for their own wellbeing — and we believe in them.



Chapter 3
Coping and Living with Cervical Cancer

3.1 Coping

Introduction, perception and action. Coping with a positive Pap test and coping with
cervical cancer on a daily basis. Support from health providers, caregivers, family and
friends. Support groups.

Cervical cancer is fearsome for those who have it or think they might get the disease in
the future. It has serious emotional effect and take courage to carry on. Help is necessary
and it is available. We will discuss separately how to cope with a positive Pap test (pre-
cancer, cancer alert) and will devote the rest of this chapter on coping with cervical cancer
on a daily basis. It is a continuation of the knowledge that you gained about medical treat-
ment in the previous chapters. Here, we will discuss the importance of psychological factors
and summarize how to use this kind of support that is available from health providers,
caregivers, family and friends. Support groups and other professional support are also
discussed.

Fear is a part of our lives, and we deal with fear almost on a daily basis. Health
problems are among the most frequent stressors [10]. However, we differently per-
ceive stress and react individually to stress. The same stressor may provoke quite a
different reaction in different persons. For example, common sense dictates that fear
of cervical cancer would motivate most women to go and take a Pap test. However,
our Survey on the participation of women in Pap test and cervical cancer screening
indicates that many do not take Pap test because they are afraid of the exam and
even more of the result of this exam (See Sect. 3.4). These are educated women liv-
ing in Washington Metro Area, but in spite of availability of medical care, they
choose not to take a Pap test. They are afraid and rather do not want to know what
is going on within their body. One highly educated university professor personally
told me, she is so afraid that she would rather not know! This calls for education and
for counseling of high school girls and women of all ages and categories. “The
worst fear is from the fear itself!” (Franklin Delano Roosevelt).
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3.1.1 How to Cope When the Result Is Abnormal Pap Test?

Another question is how to approach and help women who take the Pap test and get
an abnormal/positive result (dysplasia, pre-cancer). Again, fear could paralyze a
woman from acting! The attitude of the nurse, who first informs a woman about the
positive Pap test is very important. Some women complain that they are informed
almost a month after the test is taken, and this is the first wrong step creating resis-
tance and declining confidence in the health provider. “Why didn’t the nurse and/or
the doctor inform me on time and advise me what to do? They do not care!” This is
a normal defensive reaction. How different it could be if a nurse calls a woman on
time, approaches her carefully explaining that there is something that is not normal,
but not cancer, and advise her to schedule an appointment with her doctor who will
provide more detailed information. Every woman would immediately schedule the
appointment, gladly visit her doctor and follow the advice that he/she is providing.
These women will certainly feel more comfortable to continue the follow-up
examinations.

Small things to do that mean so much! Doctors and nurses have different atti-
tudes and bedside manners, but kindness, patience and right information given at
the right time should motivate every woman to successfully cope with the problem,
not to discourage and inhibit her to actively participate in the treatment. Even the
strongest women are fragile dealing specifically with gynecological diseases, which
have a particular impact on their emotions and they will certainly appreciate support
and help. As soon as a woman is assured that she does not have cancer and has con-
fidence in the health provider, she is motivated to educate herself about the condi-
tion that will further increase her confidence. One positive action creates and leads
to another positive action.

One of the aims of this book is to collect information about cervical cancer in one
place, making this book a woman’s friendly companion: Our goal is to educate, to
encourage, to ignite optimism and action and to further motivate her to solve her
problem. We intend to explain that pre-cancer is not yet cancer, and there are
straightforward options available for immediate treatment. Depending on the grade
of the abnormality, the doctor will advise different diagnostic procedures (colpos-
copy, biopsy), and then an appropriate treatment. Remember, the Pap test is only a
screening test. Colposcopy and biopsy clarify the diagnosis. These procedures and
the follow-up treatment (if cancer is excluded) are not so difficult to experience,
particularly knowing that the problem will be soon removed from the first place on
the priority list.

In the meantime, waiting results can be frustrating. This is where friends and
family are needed to talk, encourage that most likely it is pre-cancer and that they
will all help her to decide with her doctor for the best option how to proceed. You
can always say: “Let us first hear about the result”.

When the new result will arrive, the doctor will discuss with a woman, explain-
ing her the meaning of the result and will suggest treatment. I would recommend
going to this appointment with a member of the family or with a close friend. It is
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good if all involved are already educated about a positive Pap test and can help ask-
ing educated questions. This book is one-stop resource for that. Remember, you are
the best advocate about your health! In rare occasions a woman, at least in the
beginning, would try to handle everything alone not asking for a company — this
should be respected, and family/friends should wait until she is asking for support.

Now, the recommendation depends on the level of the abnormality (level of dys-
plasia). The doctor may suggest different procedures (conization, LEEP, cryosur-
gery, laser therapy) (see Chap. 2). Some doctors may even suggest hysterectomy for
a woman who does not have intention of having more children. You can immedi-
ately decide and continue with the treatment, or ask for a little bit time to consider
the options. The time that you may ask for consideration depends on the level of
dysplasia, and the doctor will tell you whether an immediate action is required
(within 2 weeks, for example), or you can postpone the decision. If this is the case,
than educate yourself further about your specific situation, read recommended lit-
erature, talk with others and you may ask for second opinion. Once you make the
decision, you should act promptly so you can get beyond the problem. Again, pre-
cancer is curable, the procedures are usually not so difficult, recuperation is rela-
tively fast, and you can continue with your life. Only control follow-up will continue.
This is why it is important to have Pap smear done regularly, so you can catch the
disease in the early pre-cancer stage, solve the problem and continue to be a healthy
and active woman.

According to the results, the doctor may even decide to wait for few months for
spontaneous resolution of the problem. Instead to being stressed and nervous, you
should be motivated to learn more about the abnormal Pap test, and instead of being
nervous and fearful, increase your resistance lowering stress, eating healthy food,
having sufficient rest, balancing your activities and carrying on an active, normal
life. You can read further in this chapter how to achieve this. Please also refer to
Chap. 2 (Sects. 2.3.2.1 and 2.3.4).

3.1.2 The Diagnosis Is Cervical Cancer

What if the diagnosis is already cervical cancer? Then, a woman needs all the sup-
port she can get from everybody: Family, health providers, friends, support groups.
Again, fighting the fear and encouraging her that there is help available is very
important. Showing kindness and compassion is critical approach from the health
provider, beginning from the receptionist, to the nurse and doctors.

At this point, the most important next step is to determine the stage of the disease
and make the best plan for treatment. If the cancer is only localized (carcinoma in
situ), the chances are again excellent for recovery. If the cancer has already been
spread, it is difficult, but possible to restrict its growth, improve the quality of life,
and prolong life for years. Do not despair, with today’s diagnostic and treatment
options every woman can be treated and continue with her life. However, the treat-
ment will take longer and will be more expensive. This situation is serious and
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requires lot of courage from the patient, support from family and a good health
provider’s team who will be leading her and helping her throughout the process.

Most doctors have a policy to be honest about the diagnosis, treatment options
and prognosis. This is a good starting point for a trusted relationship. Making an
immediate program for action will ignite hope that there are capable professionals
to guide her during the process. Introducing her to other specialists (surgeons, spe-
cialized oncologists, radiologists) and good coordination between the primary phy-
sician and other doctors is again a confirmation for a sick woman that she is in good
hands. Please read the real stories in Sect. 3.3. Also, refer to Chap. 2 (Sect. 2.3.4.1).

Otherwise, searching for second opinion is very frustrating for a patient at this
moment — this is another fear that she may offend the primary physician and his
team. What she will do then? One fear induces another fear and a vicious cycle is
formed that can harm the patient and the prospective for treatment of the disease.
Time is lost; frustrations disturb appetite, sleep and rest which further aggravate the
situation. Because emotional factors are so important to cope with this hardship,
mind-body connection should be directed in a positive direction to help, not to
aggravate the disease (see Sect. 3.2).

3.1.3 Support from Caregivers and Close Family in Day-by-
Day Coping with the Disease

The role and the support of the members of the family become extremely important.
There is a saying: “If one member of the family has cancer, the whole family is ill.”
This is a big truth! In order to really provide support, family member who will be
involved in everyday contacts with the patient (or other caregivers) should also read
this book and understand the problems. There are many delicate issues to deal with,
and patients may easily loose the confidence in the caregiver during these trying
times. After that, the patient simply does not want to share feelings and fears any-
more. That is not good for anybody. I would also suggest that caregivers avoid
general statements like “Everything is going to be all right”; because this will not be
the case if certain steps are not taken. Knowing that something is wrong, most
women want to know the truth from the beginning.

Rarely, it might be necessary not to reveal the whole situation in the beginning,
but in my opinion, the truth should be told as soon as possible, with an optimistic
outcome in order to gain patient’s full collaboration to participate in the battle
against the disease. In any case, one member of the close family must be fully
informed of the situation.

What about advanced cancer? Surgery is a mutilating procedure removing a part
of the body. Radiation is tissue destruction and chemotherapy is toxic with effects
of the entire body. Treating advanced cancer is not an easy task and it is difficult to
achieve a substantial improvement. In these situations patients and their families
easy loose hope and turn to alternative and complementary medicine options. Even
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doctors, who are also family members, may become wrong advisors. This is a
moment when coping with the disease turns into coping with death as an inevitable
outcome. It is a new situation and requires selective approach. Hope must never be
destroyed; on the contrary every effort should be made to nourish it (see next para-
graph — new treatments).

This book is an excellent introduction also for family members faced with the
support and care of cervical cancer patient. Reading this book, the family could
learn about the disease and how to approach the patient. One of the most important
advices from a family will be to motivate the patient to fight the disease and to con-
tinue with further tests and treatment. If she is comfortable with her gynecologist/
oncologist, the follow-up and treatment should start as soon as possible. Believe or
not, when things start to happen (analysis after analysis, treatment after treatment),
it is easier than the initial period immediately after receiving a bad news that you
have cancer and do not know, or have not decided what to do. Denial and anger,
depression and refusal to continue with tests and start the treatment (that are com-
mon in the beginning) are even more difficult to cope. There is a long way to go,
different problems to deal and it is sometimes even more difficult for a caregiver
than for the patient. There will be time of treatment, recovery from treatment,
cancer-free period, a period when cancer returns, and the advanced stages. Constant
emotional support is needed with a positive focus in the future, a hope for better,
including repeatedly reminding the cancer patient that the ongoing research is con-
stantly finding new ways for treatment and help. This is the whole truth — new diag-
nostic methods are being constantly discovered (particularly imaging technologies),
new biomarkers are being found to lead to better and faster diagnosis, new encour-
aging drug treatments are being developed (targeting cancer cells only, antibody
treatments, drug that do not kill the cancer cell but reprogram it, genetic treatment),
new radiation therapies (more targeted), new surgical, less aggressive procedures
(e.g., procedures. that do not require classic surgery, but are done with a small cut
on the body, e.g., cryoablation), etc. Cancer is certainly not what it were 5—10 years
ago. There is a tremendous source for hope now.

The role of the family is also to create, as much as possible, a healthy atmosphere
at home. Thus the time spend between hospitals, exams and treatment will become
healing time. Lowering the level of stress in the family, an optimistic outlook, a
warm atmosphere of caring and love are extremely important. Mind-body connec-
tion exists and sometimes this connection may work in favor or may further harm
the patient. The family has an important task in this effort to help their loved one.
Engaging the patient in some work and household activities, accordingly to her cur-
rent status (in consultation with the physician) is also important for the well-being
of the patient. She will feel that she continues to contribute to the family and will
not be occupied thinking only about the disease. This is a trying time for the family
and anxious time for patients.

Cancer patients have so much anxiety in their lives (worrying about staying
alive — an uncertain immediate future, financial problems, pain, job changing), that
some patients transform their anxiety into harsh behavior towards caregivers. They
even try to fight with caregivers who are only trying to help. Caregivers should
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understand that this is temporary change of behavior and should simply overlook
these episodes.

Also, there are instances of recollection and analyzing what was done and
patients blame themselves and others for something that has been done or should
have been done differently in the past. This is again a normal reaction of regrets and
apologizes. The best thing is to persuade the patient that this is past history, these
actions cannot be changed now and everyone should move forward. Caregivers also
should plan time to relax and should call on other members of the family to help.

The family and caregivers have to be educated on ways how to protect the cancer
patient from infections, particularly during treatment and early recovery. It means,
if somebody in the family gets the flu or some other type of infection, this person
should be isolated from direct contact with the patient. Infections may compromise
and disrupt the recovery. The same should be related to friends and visitors without
exceptions.

For both patients and caregivers, it is particularly hard to cope during the period
of treatment (chemotherapy, radiation). The patent suffers from the side effects of
treatment, and it is so difficult for the family to see the loved one suffering. Inform
the doctor about each side effect (e.g., vomiting, pain, nausea) and ask for instruc-
tions how to cope or whom you may contact for further help. These symptoms are
directly related to treatment and gradually disappear. The social services depart-
ment in the hospital of your doctor’s office may be of some help, or may direct you
to somebody else who might be able to help.

3.1.4 Support of Extended Family and Friends

What about extended family and friends? Everybody can do some good, sometimes
just being a good listener. Let patient tells you about her problems. However, if she
is not willing to talk, do not insist. If she decides to confine in you “listen with your
heart”, do not try immediately to change her feeling and behavior. Let her feel that
you are there for her, she can come back to you and can count on you. Cancer is a
serious disease and a complex approach is needed, but everybody in the patient’s
circle of friends and family could help with something. Do not be surprised that the
strongest women when faced with a diagnosis of cancer will “need people” to listen
and to help in many different ways. It is a long way to go! Lot of adjustments are
needed at different points of time, at different types of treatment and different stages
of the disease. Family must adjust to these stages and provide at all times a continu-
ous emotional support, encouragement and hope. Emotional status of the patient is
so important for the success, and this is the least a family can do. Once she is not
with the family anymore, grief and condolences will not help. The help is needed
when she can have benefit of it.
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3.1.5 Support Groups

There are cases when husbands ask for divorce when women get sick or a woman
may not have close family, and friends are not always available. There is other help
that is available within the hospital (support groups), in the community in American
Cancer Society local chapters (see Further Reading) and non-profit organizations
discussion groups on-line, e.g., National Cervical Cancer Coalition, NCCC (http://
www.nccc-online). The address and more can be found in Further Reading. Women
who suffer from the same disease share their experiences, ask for advice, follow-up
with other women in same situation, encourage and provide emotional support. “I
can cope” educational programs, community classes and on line classes can be
found on the ACS web site (www.cancer.gov), under ACS Support Programs and
Services.

You will find also other useful links in Where to Read More. Rely primarily on
ACS, FDA, NIH, NCI, other government agencies, hospitals and universities, and
established organizations, like NCCC and similar.

3.2 Living with Cancer

What else can I learn and do to help myself?

Complementary and alternative medicine. Holistic view of the six dimensions of
health. Strategies in stress release.

What is alternative and what is complementary medicine? Mind/body/spirit interven-
tions and other complementary approaches. You must consult your doctor before taking any
step toward using any alternative or complementary treatments.

The six dimensions of health: Physical, emotional, mental, social, spiritual and environ-
mental health.

Stress release is one of the mind/body interventions that are recognized by both conven-
tional and complementary medicine. In this chapter, you will learn more about stress, its
mechanism in order to fight it more successfully. Different stress coping strategies are also
described in sufficient details to be helpful for every woman.

An overview of eating for optimal health is given at the end of this chapter.

In the beginning of this chapter, let us explain the meaning of some frequently
used terms in conventional medical practices. Standard treatment means that this is
evidence-based medical treatment tested under strict guidelines and found to be safe
and useful. Investigational treatment (called also clinical trial) is a treatment that
has been studied first in a laboratory, in vitro (e.g., on human cultured cells), fol-
lowed by research in vivo (on experimental animals). When proven to be safe and
promising, a research treatment protocol is designed which, when approved by
Food and Drug Administration (FDA, www.fda.gov), is used for humans in a con-
trolled study. This controlled study is a clinical trial. When the results of the clinical
trials show credible evidence that the treatment is safe and effective it becomes a
standard treatment. The treatment is to be approved by FDA. See Sect. 3.4 and
Internet links to clinical trials.
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3.2.1 Complementary and Alternative Medicine

Complementary and alternative medicines are different practices. They are not a
part of conventional medicine which is practiced by medical doctors (MD) or doc-
tors of osteopathy (OD). The National Center for Complementary and Alternative
Medicine at the National Institutes of Health defines alternative and complementary
medicine as “health care practices that are not integral part of the conventional
medicine” [33, 81, 86, 131]. Whatever the definition is, no alternative or comple-
mentary medicine cures cancer. It is not possible to overemphasize the need to tell
your doctor if you intend to use any alternative or complementary treatment because
it may be potentially harmful and interfere with the conventional medicine treat-
ment that you are taking.

Alternative therapy is unproven therapy that is used instead of proven, standard
therapy. Some alternative therapy may have dangerous, even life-threatening effects.
Never replace conventional medical treatment, such as surgery, chemotherapy, radi-
ation that has been proven for treatment of cancer and prolonging survival, for
unproven alternative approaches. An example of alternative therapy is Homeopathic
medicine, remedies made of very small doses of herbs, minerals, animal products,
or diluted chemicals. There is no scientific evidence that homeopathic remedies are
effective therapy in cancer patients [81, 110].

Complementary therapy is used in addition to standard, conventional medicine
therapies. It may help alleviate side effects of chemotherapy, improve the patient
sense of well-being and the quality of life by controlling pain, relieving physical
distress and helping the patient improve emotionally. Some examples of comple-
mentary therapy are stress release techniques (e.g., relaxation strategies), pepper-
mint tea for nausea or acupuncture to reduce pain. Again, you should consult your
doctor before using any complementary therapy [4].

It is beyond the scope of this book to discuss in detail different complementary and
alternative therapies that are available. We will provide only a general overview. Some
of them are using dietary supplements. e.g., antioxidants, which are hoped to “clean”
the body from oxidative damage (green tea, vitamin E), other supplements (vitamin
A, D), shark cartilage, different herbs, etc. You will be directed to further readings for
these issues in (Literature Cited and Where to Read More) (Annex and Literature
cited). Again, talk to your doctor — even vitamins are not allowed during some chemo-
therapy treatment. It is also worth mentioning that it is not necessarily true that prod-
ucts derived from plants are “natural” and therefore safe. Have also in mind that food
supplements are not always regulated, not put under rigorous testing and manufactur-
ing procedures, so their purity, quality and content may be questionable.

Other complementary and alternative medicine modalities are acupuncture,
homeopathy. natural energy restoration, naturopathy. Pease see further readings on
alternative and complementary medicine in Where to Read More. We particularly
recommend visiting the National Institutes of Health’s Center for Alternative and
Complementary Medicine and the American Cancer Society web sites provided in
this part of the book [4, 137].
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In any case, we suggest that you gather information, discuss your options and
evaluate treatment providers. Ask for references about the practitioner who offers
the treatment, check governmental listings that regulate and license health provid-
ers, consider the cost. Again, be very cautious with complementary and alternative
therapies and research in details all available sources. Do not hesitate to consult
your doctor! Doctors know that majority of cancer patients use some kind of com-
plementary medicine.

Sedatives and antidepressants, as a supportive care, are also frequently used for
cancer patients in different occasions.

At the end of this chapter, you will have a chance to read about issues related to
healthy eating. Diet is so important in health and disease that we decided to provide
an overview on this subject based on both traditional medicine and dietetic point of
view.

Mind-body connection has been proven and stress does decrease our immunity
to diseases and affects our organ systems. Living with cancer, stress becomes a part
of our everyday lives: Being suspicious that something is wrong with us, visit a doc-
tor to find out what is wrong, waiting for the result, cope with the result, pass through
treatments, remissions and re-occurrences — these are all serious stressors. However,
the stress could be controlled. Our book, we hope, will help to maneuver easier
through a labyrinth of options, skills, knowledge and wisdom to find what is the best
for you, to have a less stressful life and how you can help yourselves and teach oth-
ers to pass through difficult times with less psychological scars.

In general, there are two main factors that contribute to the severity of stress. The
imminence of the stressful event and the ignorance about strategies needed to cope.
More imminent the stressful situation is and more ignorant we are, the greater the
stress is. We cannot help you to change the imminence of the stressful situation,
neither can you have control on that. There are situation in life when we cannot
change the imminence of unpleasant situations approaching us “without invitation”.
However, you may try, whenever you can and as much as you can, to allow yourself
some time to think, plan and decide. This rule applies to everyday normal life, but
particularly in trying times of great stress like a grave disease.

Contrary, I think we can offer suggestions of ways how to cope more easily. This
is why the next sections are devoted to these important issues.

3.2.2 Holistic View of Health and Wellness

Health problems are the main stressors in our lives. After realizing that we have a
diagnosis of cancer, we are faced with our own mortality. Suddenly our whole life
is changed. Things that were so important to us became of much lesser priority. The
feelings of shock, disbelief, anxiety, depression, sadness and anger started to build
up. We fall asleep and awake with the same thought: I have cancer, am I going to die
and what am I going to do now?
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Alleviating stress is becoming an important strategy to fight cancer. Proven
stress-release techniques may become a part of standard treatment, not only the
complementary treatment. Stress, particularly chronic stress (that is exactly the situ-
ation with cancer patients) is very harmful for our body. Alleviating stress we sleep
and eat better, increase our immunity and think more rationally. It is time to start
working on that. As for everything else in order to fight something you have to know
more about what you are fighting.

I was teaching stress release strategies one-semester courses at universities for
years and I saw how people struggle to relieve stress with more or less success. I
will try to explain to you what is stress and it’s mechanism and to inform you about
some important strategies that you might use for self-help. There is not a general
recipe and there is no one-strategy suggestion. It is always a combination of strate-
gies, and you may change those strategies in time; in addition, different stressors
may require different techniques for coping. Although some of these strategies are
harmless (mental relaxation, mediation), you still need to inform your doctor about
your intentions/efforts to release stress and check with him/her whether and how
much some of them (for example exercise, yoga) you are allowed in this particular
point of your disease or treatment. In many hospitals, you may find organized stress
release help like courses, workshops and groups under the supervision of profes-
sionals. This is a trusted and easy resource you can use.

In order to better understand stress and plan strategies to alleviate it, you should
be aware that besides physical health (that is now disturbed by your diagnosis),
there are other dimensions of health, not directly affected by the cancer that you can
engage to improve and become healthier (Fig. 3.1a) [25, 59, 72, 99]. This will, in
turn, help you battle with the physical problems.

3.2.3 Which Are Other Dimensions of Health Described
as a Holistic Health Model?

These are:

* Emotional health (feeling component, our feelings and how we deal with them)

* Mental/intellectual health (ability to learn, intellectual capabilities to process
information clearly and accurately, decision making process)

* Social health (ability to have satisfying relationships)

» Spiritual health (a sense of meaning of value in life, belief in supreme being) and

* Environmental health (appreciation of the external environment)

The World Health Organization (WHO) is defining health as a complete physi-
cal, mental and social well-being. Spiritual and emotional health (and most recently
environmental health), were added as dimensions of health [175].

Rule #1: People’s ability to manage stress is influenced by the degree of which they func-
tion optimally in each of these dimensions.
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Fig. 3.1a The six
dimensions of health

SPIRITUAL
HEALTH

SIX DIMENSIONS

OF HEALTH

I will present to you some examples to better understand those others dimensions
of health that you may not had a chance to concentrate on before. Again, it is time
now to think of strengthening these components of your health in order to improve
your physical health more efficiently.

3.2.4 How We Can Achieve a Higher Level of Wellness
Across all Dimensions of Health?

For example, let’s talk about improving social health. It is known that people with
supportive social relationships (family, friends, coworkers) are better able to cope
with problems and better manage stress; a well functioning social support network
helps dispel the negative effects of stressors when you are exposed to them. We
were already talking about the support of family and friends in the previous chapter.
Cultivating good relationships takes compassion, energy, time, patience, nurturing
and sometimes forgiveness. However, sincere, good relationships with right people
help to counteract the negative effects of stressors, and the feeling that there is
somebody there when you need him/her make us more stress resistant. Isolation is
a serious risk factor for stress.

A key to understand spirituality is to view it as moderator of life events, daily
hassles, and chronic pressures. It is one of the factors that are taken in consideration
when evaluating one’s ability to cope with stress. The main component of spiritual-
ity is religion, belief in a higher power, divine being — belief in God, but also includes
our faith in life, nature, justice, our connectedness with the environment, and our
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belief in doing well for others beyond ourselves. Spirituality affects patient percep-
tions of their illnesses, their faith and ability to get well, their will to live, their
behavior during illness. Spiritually mature people have increased ability to cope
with crises and greater ability to handle stress. Please read the story of MM in
Sect. 3.3.

Ask your health care team about the resources available at your hospital. Some
members of the clergy are specially trained to help cancer patients. Big hospitals,
like Mayo Clinic, have chaplains available and when you are admitted into the hos-
pital, you may find in your room material from your religion to read. This is com-
forting for the patient.

Emotional and mental (intellectual) health is also a determining factors how we
perceive stress and how we handle stressful situations [109]. Improving emotional
health is may be the most difficult task of all. This is why we will discuss this issue
in more details, pointing to some strategies that might be helpful.

Our emotional health depends very much on our personality. Personality is a col-
lection of thoughts, attitudes, values, believes, perceptions, and behaviors defining
how we see ourselves and the world around us. Briefly, there are three types of
personalities (A, B, C) and many subtypes (a combination of them,) but when it
comes to stress there are only two: Stress-resistant and stress-prone personality
types [25, 72]. There are opinions that stress prone personality types (type C) are
more susceptible to cancer. People with an attitude to give up and to develop a feel-
ing of helplessness and hopelessness are more prone to cancer and have worse sur-
vival [10, 157, 167]. Psycho immunology, a new scientific discipline is confirming
the connection of stress and diseases [67].

We cannot change our personality very much, but we can try to improve our-
selves by learning more about emotional health or seeking help when needed (from
family, friends and professionals) in order to put our feelings under control, and not
to allow them to guide us to an inappropriate decision. Do not use drugs that may
cause addiction. Do not drink alcohol. Seek help from professionals (psychologist,
life coaches, social workers, psychiatrists) without shame. Some of them specialize
in helping cancer patients.

Let me give you some examples of what we could do. One strategy is a very well
known power of “Positive Thinking”. We could learn to try finding a positive side in
every event — if you try, you will find something good and useful, and even you can-
not recognize it in the beginning. Usually, under stress, we simply do not see the
positive side of things. Typing a word “positive thinking quotes” in the search win-
dow of the Internet, you can find lot of literature about positive thinking and power-
ful quotes on this subject [149]. For example “The positive thinker sees the invisible,
feels the intangible and achieves the impossible™... or the famous Winston Churchill
quote” A pessimist sees the difficulty in every opportunity and the optimist sees the
opportunity on every difficulty”. Or, you may choose to read books on the subject
[125, 147].

It is also recommended to try to reduce the “Negative Self-talk™ (sub-vocal talk-
ing to oneself), repeatedly torturing yourself with negative self-messages that then
become secondary stressors. Particularly, if this self-talk and blaming you continue
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long after the stress does not exist any more. It will also help if you seek company
with people who nurture your feelings, not those who hurt them.

There is another powerful strategy that could help us in improving our emotional
health, emphasizing that we can keep our negative feelings, accept them, but we can
learn to transform them into a productive behavior. This is the essence of Morita
therapy, based on Buddhism, teaching us that that we can acknowledge distressing
thoughts and feelings, but get beyond them by engaging ourselves in doing some-
thing productive [75, 150, 151]. The more creative the engagement is, the greater
the success. Write, paint, create something new, or just clean the bathroom, help
somebody else, finish some other obligations that you have postponed.

I use this technique myself. I acknowledge my feelings, they are realistic, based
on real stressors, they are here and I do not want to just forget about them until the
stressor is present. But I will not allow the stress from those feelings to paralyze me
and to control me. At the time of actual stress (of course, if it is not something that
requires immediate action), I just work, create a new text, plan a new experiment
and conduct it, help somebody else, exercise, try to concentrate on the new task at
that moment and examine my feelings just a little bit later. You will be surprised
how your understanding of the feelings improves, new solutions emerge and every-
thing seems easier than perceived before. There is a saying: “Morning is wiser than
evening.” The negative feelings may even slowly transform into positive feelings.
This will boost our self-esteem that you can live a productive life in spite of having
distressing thoughts and feelings that the life is bringing.

Also, be good to yourself, forgive yourself if you make mistakes, everybody
makes them and you already learned how to forgive others. You may think now that
itis easier to say than to do, but let grace and love guide your way instead of revenge,
hostility and anger.

Try to enjoy life more as much as you can. We need to have fun from time to time
to reach high level of emotional health. This is not a lost time, as we frequently
think, contrary we will perform better if we care enough to increase our emotional
wellness and emotional well-being.

How can we enrich our intellectual (mental) capabilities. This is easier than tak-
ing control of our feelings. It means expanding our general base of knowledge,
particularly learning about the disease and gathering information on how to combat
it. This will strengthen your capability to think rationally in stressful situations, our
problem solving logic and reason to guide us through difficult times. If we are
informed about the issue, we better process the information, come to better decision
and perceive the stress sometimes even more as a challenge than as an immediate
threat not having the ability to solve.

I suggest that you use this book as your guide for learning and to refer to it peri-
odically, as necessary. Learn about cervical cancer. Knowledge diffuses stress and
fear about unknown and gives us power. This fact has been acknowledged by women
that suffered from cervical cancer, they quote “Ignorance creates fear, knowledge is
a power”. Please read the letters from real people who suffered from cancer how
they feel about learning more about the disease and how to cope with it (Sect. 3.3).
You may also expand more in the recommended selective readings provided in
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Where to Read More. However, I would not encourage a patient to start reading
professional medical literature aimed for medical professionals, because sometimes
you may be exposed to much information and terms that you do not understand,
what could be only frightening, not helpful.

The improvement of the environmental health depends not only on the individ-
ual, but it is more a result of collective effort. Everybody could do something to
improve the environment in different ways for the benefit of all. It is easier to deal
with problems when your environment is better, supportive and creates better access
to services, and day-to-day better quality of life.

3.2.5 Understanding the Mechanism of Stress

In the same spirit, learning more about the enemy that is harming us and of fighting
it more successfully, let us now help you learn more about stress itself. What is
stress all about? Is it a normal reaction to threat? What is happening in our body
during stress? Why is the stress harmful? How I can become a more stress-resistant
person? Which stress release strategies are available?

Stress is a normal reaction of our body when we feel threatened and perceive that
our balance is disturbed. The state of balance in our body is called homeostasis. Our
body responses to change to return to homeostasis. This adaptive response is called
General Adaptation Syndrome (GAS), described by Hans Selye [159]. Any event
that requires a person to adjust, make changes or expend resources has potential to
be stressful. Negative or unpleasant events, uncontrollable, unpredictable and
ambiguous events, particularly those that are imminent are perceived as stressors.
Since a positive Pap test is a perception of threat, it is normal to feel stressed; even
more so with a diagnosis cervical cancer. Everybody will perceive this event as a
stress, the difference being only in the stress level and the reaction to stress based on
personality and the level of health in other dimensions. When you are in a hospital
you may be asked to determine your level of stress on a scale of 1-10.

According to GAS there are three phases of stress response: Alarm, Resistance
and Exhaustion (Fig. 3.1b) [59, 126, 159].

What happens in our body in the first moment, during the first phase of stress?
This phase is called the alarm phase. It is exactly an alarm to prepare the body for
action. Since extra energy is needed, adrenal glands (the glands located near the top
of kidneys) release the hormone adrenalin. Adrenalin stimulates the heart to pump
more blood and supply the body (particularly the brain) with extra needed blood,
dilates respiratory small airways to increase air flow and oxygen needed to fight,
increases breathing rate, dilates the pupils and stimulates the liver to release more
sugar in the blood for more energy. As you can see, this is a signal to combat threat,
a positive reaction of the body. For example, when we are driving a car and some-
body is about to hit us, the alarm is helping us to act immediately and save our life.
You may find in some popular books the citation “fight-or-flight” phase. It means
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Fig. 3.1b General Adaptation Syndrome — GAS

bodily response options available in coping with stressors to either confront the
stressor (fight) or to avoid it (flight).

The alarm phase is not so harmful because lasts very short time (minutes or sec-
onds), until the stressor is removed. However, if the stressor is not removed (like
hearing a bad news about an existing disease) it is followed by the second resistant
phase of stress response. This phase is induced again by hormones of the suprarenal
glands, glycocorticoids-cortisol, mineralocorticoids and other hormones of the
outer part of the gland called cortex. These hormones are responsible for adjusting
various organs and glands to produce more energy to sustain the increased demand
to keep the body into balance. The body is more capable of responding, but for a
price of increased demand to the body. This phase, if it is allowed to last long is very
harmful and the body may enter the exhaustion phase which could actually caused
illness or aggravation of the existing illness.

Stress directly affects our cardiovascular system, the endocrine system, muscles,
the immune system, digestive system, and affects our mind. In reality, the stress is
practically ruining our body. When we hear the bad news about cervical cancer, we
probably cannot avoid experiencing the short alarm phase, but we certainly should
not allow ruining our body keeping it in the resistance phase for too long. By allevi-
ating the stress we should allow our body to slowly progress into the recovery phase
that will help us to fight the cancer itself. This chapter is aimed to help you to allevi-
ate stress, become more stress resistant and allow your body to proceed in the recov-
ery phase and to return to homeostasis.

How Can We Alleviate Stress? At any given moment our ability to interpret and
react to stressor