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ABSTRACT

Advances in molecular oncology technology and their application to personalized cancer care have evolved very rapidly over the past 5 years.
At the same time, there are a lot of conflicting and often misleading statements available on the world wide web. This results in confusion and
misunderstanding among cancer patients and their well-wishers. We realized that there was an urgent need for developing a consensus document to
address this unmet need. Oncology Gold Standard and Molecular Oncology Society, therefore, took up the challenge and formed an expert group
that together prepared this consensus statement on counseling patients for molecular testing and personalized cancer care. This is intended to benefit
patients, family and friends by improving their broad understanding and equip them to make an informed decision and take active participation in
decision-making for their own cancer management - with respect to prevention, diagnosis, treatment, and follow-up of cancer.
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Introduction

Advances in molecular oncology technology and their
application to personalized cancer care have evolved very
rapidly over the past 5 years.[!! At the same time, there are
a lot of conflicting and often misleading statements available
on the world wide web.?! This results in confusion and
misunderstanding among cancer patients and their well-
wishers.[?) We realized that there was an urgent need for
developing a consensus document to address this unmet need.™
Oncology Gold Standard and Molecular Oncology Society,
therefore, took up the challenge and formed an expert group
that together prepared this consensus statement on counseling
patients for molecular testing and personalized cancer care. This
is intended to benefit patients, family and friends by improving
their broad understanding and equip them to make an informed
decision and take active participation in decision-making for
their own cancer management - with respect to prevention,
diagnosis, treatment, and follow-up of cancer.l! Health-care
professionals can make copies of this manuscript and make it
available to cancer patients and their well-wishers as a patient
information tool.

While every effort has been made to provide up-to-date
information, medical knowledge is constantly changing. This
is not meant to replace a consultation with a health-care
professional. This patient information consensus statement
contains forward-looking thoughts as well as interpretation of
how technology will continue to assist in improving cancer care
of individual patients. This consensus statement also includes
personal thoughts and opinions of the expert group, which should
not be interpreted as endorsement of these views by Molecular
Oncology Society, Oncology Gold Standard, International Journal
of Molecular and ImmunoOncology or the publishers.

Increasing incidence and risk of cancer — A lifestyle
disease

The number of new cancer patients diagnosed every year is
increasing — both in India as well as worldwide. The increase
is higher in developing countries, where the resources to treat
them are limited.[*”

Broad reasons for this increase are:
a. People are living longer. Life expectancy is increasing and
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is expected to cross 100 years in many countries. In fact,
recently a 101-year-old gentleman was operated for hernia
in India! Cancer is a disease of advancing age, it is also
bound to increase.

b. People take their health for granted and generally follow
a lifestyle that leads to higher risk of noncommunicable
diseases. As a result, incidence as well as problems
of cancer, heart diseases, diabetes mellitus and stroke
are rising rapidly, and have become the focus of the
department of health for state and central governments.

c. People with suspected cancer are now seeking medical
help, consultation and diagnosis.

d. Access to health infrastructure, trained personnel and
equipment is increasing across the country.

e. Patients are willing to take treatment even for incurable
conditions, have access to government schemes for cancer
and are also more openly able to discuss about their cancer
illness.

Today India sees more than 11 lakh new cancer patients
every year. This has become a major healthcare problem,
and the government has announced that cancer is one of the
most important noncommunicable diseases on their priority
list. General public must join hands with doctors, hospitals,
NGOs and the government to ensure that cancer is prevented,
diagnosed early and treated effectively across our country.l®7”]

Cancer outcomes are improving significantly

The outcome of patients with cancer has improved significantly
and is improving further constantly.®®! This is based on our
better understanding of the nature of cancer, its subtypes, its
natural history, pattern of spread, basis of origin, effect of our
lifestyle, mechanism of action of the treatment, and newer
therapeutic modalities becoming available to us.

The most important advances made in the last few years in
the field of cancer include molecular diagnostics and immune
mechanisms of treatment.!!%

A. Molecular diagnostics refers to the use of modern
techniques to detect changes at the molecular level that
help us understand cancer better. It helps us identify if a
person has:

i. Increased hereditary risk of developing cancer

ii. Increased acquired risk of developing cancer

iii. Increased risk of spread of cancer

iv. Aggressiveness or speed of growth of cancer

v.  What changes, if any, are responsible for making the

Table 1: Principles of diagnostic testing in cancer patients

cancer cells grow and spread

vi. What biomarkers, if any, indicate the status of cancer
within the body — is it responding, has it disappeared,
has it come back, is it growing/spreading

vii. What drugs/treatment agents are most likely to benefit
the patient

viii. What drugs/treatment agents are likely to work less/
have more side effects

ix. What drug should be selected from the options
currently available as standard of care

Xx. Which drug is most likely to benefit after standard of
care is exhausted

xi. What are the peculiar characteristics of his/her tumor
that needs to be considered while deciding treatment,
follow-up or subsequent management?

Table 1 shows the common testing methods and their role

in the diagnosis of cancer.

Such potential information may be obtained by use of

modern molecular testing tools/techniques. However, this

is not applicable in all cases. Even when the testing is

done, the result may not give any information which will

influence the treatment decision or change in the treatment

decision already taken. Patients and their families need

to understand this very important limitation of such

testing. Nevertheless, a small but significant number of

patients with cancer benefit substantially from such testing.

Furthermore, the current information explosion and ongoing

development of several hundreds of targeted drugs have the

potential of making this useful in more and more patients

in the future.!'’?

Molecular testing can involve:

i.  Deoxyribonucleic acid (DNA) testing

ii. Ribonucleic acid (RNA) testing

iii. Protein testing (proteomics).

For such testing the sample to be processed can include:

i.  Tumor biopsy fresh tissue

ii. Tumor biopsy frozen tissue

iii. Tumor biopsy paraffin block

iv. Tumor tissue on microscopic slide

v. Adjoining normal tissue (fresh or frozen or paraffin
block)

vi. Liquid biopsy - blood, urine, saliva, other body fluids
for tumor cells or cell-free DNA.

The advantages of liquid biopsy are that they can be

repeated as frequently as necessary are not invasive and

can track changes in the nature/behavior of cancer over

time. It is important to note that liquid biopsy cannot

replace normal fine needle aspiration cytology/core/

Test Relevance

Body imaging (X-ray/USG/CT scan/MRI/PET)

Light microscopy (conventional histopathology reporting
Special staining (immuno-histo-chemistry)

Molecular testing (DNA/RNA/proteins)

Stage of the cancer (localized/advanced/metastatic). Based on TNM staging

Type of the cancer (carcinoma/sarcoma/leukemia)

Subtypes of cancer (adenocarcinoma/squamous cell carcinoma/small cell carcinoma)
Driver mutations

MRI: Magnetic resonance imaging, CT: Computed tomography, USG: Ultrasonography, PET: Positron emission tomography, DAN: Deoxyribonucleic acid, RNA: Ribonucleic acid
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incisional/excisional biopsy that is currently done for the
diagnosis of cancer.!'!

D. Immuno-oncology has emerged as the most important
advance of recent years, not only in the field of cancer but
also in several other diseases.''¥ Better understanding of
the interaction between tumor cells and our body’s normal
immune cells is responsible for this. As the normal cell
becomes cancerous, there is expression of new antigens
on its surface. This can change how the body’s immune
system recognizes and reacts to the “foreign” cancer
cells. The treatment can involve initiation, increase in or
even the reduction of the immune response. New targeted
agents that take advantage of the immune cell — cancer cell
interaction can be divided into three groups:

i.  Acting through PD-1 pathway
ii. Acting through PD-L1 pathway
iii. Acting through CTLA-4 pathway.

A few of these are already licensed for use in India; some more

are available in the other parts of the world and many more are

under clinical development/research.

Over the past decade, there has been tremendous progress
in the fight against cancer. More patients get cured, more
patients have meaningful prolongation of good quality of life
and fewer patients are dying from this disease. This is due to
better techniques of diagnosis, availability of better health-care
facilities, higher number of qualified oncologists as well as the
use of modern drugs to treat patients.!1%-13]

Molecular genetics and its application for ascertaining the risk
of cancer, its early detection, its accurate diagnosis, in selecting
the right treatment and dose as well as helping assess the status
at follow-up or recurrence are very important additional tools
in the fight against cancer.!'*14!

What Prevents Better Outcome in Cancer Patients?

While the health-care professionals use the best information,
evidence and treatment techniques/strategies/molecules available
to them, the result varies from patient to patient in a significant
manner. Why is this?

The answer lies in factors unique to each tumor, each patient’s
genetic characteristics as well as external factors. While
the unique characteristics of the patient’s genetic makeup
(normal cells as well as tumor cells) can be ascertained by
the oncologist by specialized testing, the external factors are
controlled solely by the patient and his/her family. Patients and
their families need to take responsibility for own health in a
proactive compliant manner if they want to optimize intended
benefit for themselves.!'™

In the western world, early diagnosis is a reality in many
cancers, and increasing number of lives are being saved.
However, in India, the SAARC region as well as the majority
of the low and middle-income countries worldwide - the

procrastinating patient (and their families) are primarily
responsible for high cost, increasing side effects and poor
outcome pf their cancer.['>17]

Let us explain this radical statement by taking the example of
a patient with breast cancer.'®!]

Let us assume that a lady identifies a lumpish feeling in her
breast for the first time today accidentally (or while performing
monthly breast self-examination). The lump is likely to be
about 1.5 cm in size, and there would be no spread to the
axillary lymph nodes or elsewhere in the body (Stage I
cancer). If she promptly seeks help from an oncology center,
it would be diagnosed as early breast cancer. Her treatment
would be simple one-step surgery (mastectomy), would involve
a single short admission, she would recover in a matter of
weeks, would not require further treatment and would have
hardly any impact on quality of life. Her treatment would cost
the equivalent of Rs 40,000/- and her chance of cure would
be more than 90%.

Most women fail to do so. They wait for a few months for
various reasons - hiding the possibility of cancer, “wishing” it
disappears or having other priorities in life. The tumor grows
in the meantime and becomes locally advanced (Stage II or III).
Now, when she goes to the oncology center, her management
changes. She requires chemotherapy followed by surgery;
treatment lasts for 9-10 months, there is a significant impact on
quality of life, and regular visits to the hospital are mandatory.
The treatment cost is now equivalent to Rs 1,70,000/- and
chance of cure reduces to about 50-60%.

Some women delay even further - till the disease spreads
to distant organs and present to the oncology center with
metastatic disease (Stage IV cancer) - typically up to 1 year
after the lump was noticed first. Now her treatment would
involve chemotherapy, radiation therapy and multiple lines
of treatment which would continue intermittently for the
rest of her life. Hospitals visits become frequent, there is a
significant impact on quality of life and some side effects do
not regress completely. The treatment cost is now in excess of
Rs 7,00,000/-, and the chance of cure is practically zero.

While we have the potential to provide the best chance of care
and cure to all our patients with cancer, delay in seeking proper
medical help and failure to follow the advice of their doctors is
responsible for increasing the cost of therapy, significant side
effects and reduction in the chance of favorable response to
therapy.””"“"s’”]

Patients (and Families) Need to Take Responsibility for
Their Own Health

No matter how hard the doctors try, no matter how many
hospitals develop state-of-the-art cancer treatment facilities,
no matter how much money is allotted by the government
health authorities - the outcome cannot be improved unless
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the patients start taking responsibility for their health and
illness. 7141619

Patients need to stop blaming others and start understanding
their own responsibilities to themselves and their families.

If they delay seeking appropriate medical attention in a timely
manner, the cost increases 15 times, the duration of treatment
increases 20 times, the side effects/impact of quality of life
increases 25 times, and the chance of cure disappears.

When this happens, they need to realize that they have only
themselves to blame.

The take home message, therefore, is that if patients want to
improve their outcome; they must play a very proactive role
themselves. This is the only way to get full benefit of doctors,
hospitals, and government schemes available for their care.
This is the only way to tackle the cancer menace without
bankrupting themselves, their families, their communities, and
their government.

Besides the example mentioned above, patients and families

also contribute to their own inferior outcome by:

a. Failure to follow instructions about intake of medicines —
compromising on dose delivery (especially true for oral
medication — both cancer-directed systemic therapy as well
as supportive care medication).

b. Use of alternative and complementary medicine without
seeking the permission of or even informing their
oncologists.

c. Continuing to follow unhealthy habits and lifestyle even
after the diagnosis of their cancer (e.g., tobacco).

d. Procrastinating by not giving consent for medical
management — either due to financial reasons or other
conflicts within the family (everyone starts giving advice
— often contradicting the recommendation by their
oncologist).

e. Hiding facts from their health-care team — deciding for
themselves which symptoms are trivial and not related to
their cancer or its management.

f. Delaying reporting to the health-care facility — personal
and social factors take precedence over seeking medical
aid (e.g., fever starts at 1 am in the morning, patient
does not inform anyone; starts shivering at 4 am and
self-medicates with crocin, feels better; does not mention
this to anyone after waking up in the morning; at 10
am fever and shivering return when no one else is at
home; calls son who is at work, and takes another crocin;
becomes drowsy by 1 pm and intake (food and fluids)
suffers; grandchild comes home at 4 pm to find patient
drenched in sweat and hardly able to speak; son reaches
home from office by 530 pm; calls GP at 6 pm who says
patient is serious; ambulance is called and patient reaches
nearby hospital at 7 pm. Local doctor is not provided
details of diagnosis of cancer or its ongoing treatment.
Examination does not indicate any evidence of focus of

infection. He starts treatment assuming routine infection
(with standard antibiotics for community-acquired infection
in otherwise healthy person); patient does not improve
and now requires support for maintaining blood pressure
and respiration; then family member divulge details of
cancer diagnosis and treatment; found to have neutropenia
following chemotherapy; broad spectrum IV antibiotics
and granulocyte colony-stimulating factor commenced
(required only for infection in cancer-related febrile
neutropenia). Such a delay is responsible for as many
as half of such patients dying within 48 h of the first
sign of fever — solely due to the casual manner in which
seeking urgent medical attention from their oncologist was
delayed.

g. Not having faith in their healthcare team — selectively
implementing the medical advice based on their own
lay perception of what is necessary and what is not
necessary (e.g., gargles with mouthwash is ignored as
unnecessary).

If patients come on time, cancer will be detected in early stage,
the treatment will be shorter, the side-effects shall be minimal,
the cost will be significantly lower and the chance of positive
outcome/cure will be highest. In spite of all efforts by doctors,
hospitals, NGOs and government, the benefit to the patient can
only be achieved if he/she proactively pays attention to his/
her own health and follows all the instructions by health-care
professionals.[7-1416:19]

Cancer is Related to Mutations

Each individual unit of the human body is made of cells — the
adult having about 3 trillion of such cells. Each cell has a
cell wall, a nucleus, cytoplasm, and surface receptors. Inside
the nucleus is the DNA and inside the cytoplasm is the RNA.
Proteins are produced when the information stored in the DNA
is transmitted to the cytoplasm via the RNA and interacts with
Ribosomes that assemble the amino acids in the right sequence
[Figure 1].

Genomics is the science that deals with analysis of a particular
individual’s genetic material, interpretation of how that
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interactions with itself, how it leads to all individuals on earth
being different from each other (phenotypic variations) and
how it relates to our external environment or external factors.
At present, available molecular technology helps us understand
this in a manner that has the capacity to help improve patient
Care.[],]O-IZ,ZO]

The knowledge existing in and about human body is stored in
DNA. This is the human genome code.

The Human Genome Project has shown us that there are
approximately 30,000 genes which are responsible for up
to 1 million proteins in the human body. This was possible
since this determined the genetic structure of the human
genome - sequence of chemical base pairs (DNA) of all the
genes in our cells (a staggering 3 billion of them in each
human cell) — helping us understand its physical as well as
a functional implication. The project was a task that started
in 1990 and was completed by 2003 at the cost of billions
of US dollars. Its outcome is archived at the Wellcome
Foundation facility in the UK as an elegant example of
human progress. It identified 1800 new disease genes — 1700
of them caused by corresponding single individual genes.
In India, the first complete genome sequencing was done
in 2012 for a woman from Kerala. In fact, all the human
beings on planet earth share 99.5% of the genetic code. We
are different from each other only in the 0.5% variations
seen in the genetic code — also called as single nucleotide
polymorphism (SNP).[2!

If damaged, these sequences of DNA (called genes) can be
converted into cancer-causing genes (oncogenes). This can
occur due to three factors — being born with defective genes,
genes damaged due to toxins (e.g., smoking, alcohol, radiation
exposure, and chemicals) or simple wear and tear of genes with
ageing.[510.111922]

Based on this insight and coupled with explosive availability of
new technology as well as computational power, we are now
able to make apply this knowledge for the benefit of individual
patients in a real-time basis. Today, we can repeat the same
testing in a matter of weeks and at the cost of few thousands
of US dollars.

Each cell of the human body has 3 billion nucleotides that code
for 30,000 genes and are responsible for the production of up
to 1 million proteins. There is a very delicate balance between
their interactions.

Cancer is a disease that is commonly associated and usually
driven by changes in the genes (called proto-oncogenes) — at
the molecular level. This change results in altered behavior
of the cell and all the cellular elements mentioned above can
be affected. Consequences include development and spread of
cancer as well as chance of response to therapy. Today, such
testing is available in most parts of India.[!->10-12:19-22]

Role of Molecular Genetics in Classification and
Subtyping of Cancers

So far, cancer was classified based on organ of origin and
appearance of cancer cells under the microscope (what the
pathologist could visualize — often with special staining).
This was dependent on the hypothesis that all cancers starting
from a particular site/organ were biologically similar and will
behave similarly. They were, therefore, classified on the basis
of the cell type, presence/absence of regional lymph nodal
involvement as well as distant metastasis (spread to other
organs/sites in a non-contiguous manner).

It is now obvious that cancers arising within the same organ
(e.g. breast) can differ in significant ways. They affect the way
they grow, how they spread and how they would respond to
specific types of therapy. It has also been discovered that certain
mutations (vide infra) are responsible for the above changes
— irrespective of which organ the cancer is originating in. For
instance, if the same gene if affected by a driver mutation in a
patient’s cancer originating from the breast as also in another
patient’s cancer originating from the lung, both of them are likely
to behave biologically in a similar manner and also respond to
the same type of treatment. Discussion is already ongoing and, in
the future, this will lead to an entirely novel way of classifying
cancers in human beings — e.g., all tumors with “alk” mutation(s)
being the main driver are likely to be called “alk-omas,”
irrespective of which organ the cancer is originating in.[?324

Interpreting the information made available from molecular
changes (mutations) becomes part of the larger picture of
biological markers (biomarkers). These are of two types —
prognostic markers and predictive markers. Prognostic markers
give an indication about the natural history of the disease,
whereas predictive markers (actionable) allow the oncologist to
decide what is the best treatment option. There are still other
molecular alterations whose significance is yet to be identified.
They are called variations of unknown significance.!*!%11:25:26]

So if this testing is done in 100 patients with adenocarcinoma
of lung, 55% will show a known mutation and <45% will
remain with unknown genetic alterations [Figure 2]. The

Standard Pathological Classification of
Lung Cancer

Driver Mutation Classification of Lung
Adenocarcinoma

Figure 2: Standard pathological classification versus driver mutation classification
in lung cancer
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55% with known mutations will include 35% who will have
actionable driver mutations. Such patients can be spared the
standard doublet intravenous combnation chemotherapy and
can be treated with single and simple oral medication (such as
gefitinib, crizotinib, and afatinib).(?324

It is important to note that such mutations have wide variations
in incidence and location within the genome with respect to
geographical and ethnic spread. For instance, Figure 3 shows the
relation of epidermal growth factor receptor (EGFR) mutation
and lung cancer across several countries.'” EGFR mutation
positivity is seen in only about 5% of Caucasians, whereas it is
as high as 51% in Korea and Japan. India is in between with an
overall incidence of 40% - with the percentage being lower in
the northern part of our country as compared to Southern states.

Today, we have several techniques that go beyond the standard
pathological examination of the specimen under the light
microscope. Such specialized tests enable us to get information
beyond what can be seen by the naked eye. Molecular genetic
changes give a better understanding of the disease. This insight
has the potential to facilitate the selection of the best treatment
option for patients with specific mutations.[*!0!1.23-26]

We now know that the chance (incidence) and type of
mutations have geographical variations of importance. For
instance, the EGFR mutations are seen in a tiny fraction of
patients in the western world, whereas its incidence is higher in
patients from India and surrounding countries. This is also true
for anaplastic lymphoma kinase (ALK) mutations. This enables
us to decide which testing is necessary and how to interpret its
results specific for our patients.[*!1:12:23-26]

Sampling for Genetic Testing

Genetic testing will require one or more of the following
samples — tumor tissue (fresh, frozen, paraffin block,
microscopic slide, and cell block), adjacent normal
tissue and or bodily fluid (saliva, sweat, blood, urine,
cerebrospinal fluid, pleural fluid, and peritoneal fluid).
These samples may be required at time of initial diagnosis,

s
oo
x

Parikh PM, Puri T: Ind J Cancer 2013

Figure 3: Geographical variation in epidermal growth factor receptor mutation
incidence in Lung Cancer (reproduced from our publication in Indian Journal of
Cancer, 2013, Publisher Wolter Kluwer Medknow)

at frequent intervals while the treatment is ongoing, at
follow-up after active cancer-directed treatment is completed
and/or at the time of recurrence or progress of cancer.
It may also be required to be done in blood relatives in
special circumstances. The use of body fluids is also called
liquid biopsy and is becoming of increasing importance.
It is vital that the procurement of the sample, its storage
conditions, its allocation to various testing, and its archival
are properly planned. Biobanks and/or tissue repositories
play a major role in ensuring this.72%

After the procurement of the right patient sample, further
testing can be divided into the wet lab and the in silico
bioinformatics components. The wet lab is where the
biological specimen undergoes physical testing — usually with
sophisticated and automated machines (e.g., next generation
sequencing). This takes from a few hours to a few days. The
machine then gives out huge amounts of data (soft files in
computer language) that can be about a 1TB of information per
patient. This then gets analyzed using high calibre computers
using artificial intelligence and involves dialogue with publicly
available databases to understand the medical implications of
any alteration. This usually takes about several weeks and
requires super computational capabilities.*”!

Quality is critical to ensure that the sample is processed
correctly in the wet lab as well as the big data is analyzed
appropriately using the most recent databases. This will then
provide a meaningful report. Hence, external quality assurance
as well as internal quality controls is absolutely mandatory at
all steps for such testing.

Molecular analysis requires three steps — getting the right
sample, doing the right test in the laboratory and processing
the test result information to make a meaningful decision
regarding patient management. Quality is crucial at all these
stages. Moreover, this takes time. This process cannot be done
in haste or without proper controls. It also requires the right
equipment. For instance, the computational power required with
whole genome sequencing is the equivalent of using a modern
desktop computer continuously for 3 weeks.!!1227-29]

Hereditary Cancers

There is about 4000 inherited disease in humankind.
Fortunately, the majority of cancers are not due to inherited
genes. Hereditary cancers are only 5% or less of all
cancers.’? Preventive genetics deals with the application of
molecular testing in an asymptomatic (seemingly normal)
person to ascertain their risk of developing a specific disease
(e.g., cancer) in the future. This science has rapidly evolved to
increasingly become a standard component of modern health
care. The use of BrCal (Breast Cancer gene) and BrCa2
testing by Anjelina Jolie to determine that she had a very high
risk for breast cancer and her subsequent decision to undergo
prophylactic bilateral breast as well as ovarian removal resulted

52 International Journal of Molecular & Immuno Oncology ¢ July-December 2017 ¢ Volume 2 ¢ Issue 2



Parikh, et al.: Molecular testing consensus

in wide publicity for this science. It has the potential to provide
reasonably accurate risk assessment and for screening and
prevention of specific cancers — with more than 1700 genetics
tests being already available today.

The advantage of identifying a family with higher risk of

hereditary cancers are: B%31

a. Identification of which members of cancer has that risk and
more importantly which member of the family does not
have this risk.

b. Use specific counselling protocols for those with higher
risk.

c. Discuss the potential risks in future members of the family
— to help them plan the family.

d. Initiate disease and risk specific surveillance procedures for
those with higher risk.

e. Offer the prophylactic management options available —
including advantages and disadvantages of each of them.

f. Allow the individual family members to decide which
option they would like to follow.

g. Continue to answer their questions and support them
through their life.

This approach also has some limitations that everyone should
be aware of:

a. Confidentiality needs to be maintained at all stages by all
stakeholders.

b. Sharing of information within the family should follow the
wish of the index patient and each individual.

c. Not all persons will higher risk will develop cancer — there
are other external, lifestyle, and environmental factors that
can influence the outcome.

d. Individuals have different levels of coping ability and
should be only given as much information as requested by
them.

e. Concerned persons, patients and family members should
take precautions against risk of misuse of information (by
insurance agencies, employers).

Hereditary cancers form only about 5% of all cancers. If
a family has more than one member affected by cancer, it
need not be due to inherited defects. There are other factors
shared by families that can be responsible for higher risk of
cancer — such as smoking, obesity, lack of exercise, shared
environmental exposure, and eating habits. Yet, it is important
to screen and test for hereditary cancer risk in select groups
of families — to tailor the screening, diagnosis, treatment, and
follow-up recommendations for those with higher risk.%3

Somatic Mutations

Any change in the DNA structure that changes the nucleotide
base (A, T, G or C) will affect their sequence and thus the
coding information stored in them. Our bodies are constantly
subject to injury or damage that leads to several thousand such
changes every year. The human body is so smart and efficient
that almost all such changes get repaired by an automatic

and active surveillance mechanism. If however, this change is
not repaired and gets passed on to daughter cells, it becomes
known as a mutation.[!-10:11.21.23]

When mutations occur at specific sites on the genome, they
may lead to change in the behavior of cells (before and after
they become cancerous). Such mutations are called driver
mutations. They lead to alteration in the signaling within the
tumor cells and can lead to a state of “addiction” — the cancer
cell can thrive and reproduce only because of the product (or
lack of product) as a result of the genetic change. In addition
to conventional mutations, such changes can also be due to
translocations and amplification.>

There is also possibility of heterogeneity within different parts
of the same tumor, differences in the mutations between the
primary and the metastatic sites as well as new mutations
developing as the disease progresses. This is the reason why
genetic/molecular testing may be required at frequent intervals
as well as from more than one sites.[!!-1223:34]

There is also value in the genetic testing of normal cells in
cancer patients. This is to identify the role of pharmacogenomic
variations.?2*2829 Each human being is different from others.
While 99.5% of our genetic material is the same, it is the
difference in the tiny 0.5% that makes one human being
different from another one. Such a difference is due to a single
nucleotide base in the sequence of the DNA structure that
makes up our genes. This is called SNP. This also leads to a
significant difference in how each of us handles (metabolizes)
medicines given to us. There are more than 1000 drugs
metabolized in the liver. The rate at which they get degraded
will determine the time that the body is exposed to their active
ingredients as well as their metabolites. This correlates with
both efficacy as well as the toxicity of the drugs. For instance,
patients who are ultra-rapid metabolizers of a drug will have
fewer side effects but may also have a suboptimal therapeutic
blood level and hence poorer response. On the other hand, poor
metabolizers will be exposed to active drug for a longer time
and might have better efficacy — at the same time having higher
risk of toxicity.

The indicative list of commonly used molecular tests for
some cancers is shown in Table 2. This is divided into
test which gives an idea about the natural history of the
disease (prognostics), those that allow proper selection of
treatment (predictive) and those that indicate degree of risk of
hereditary cancers (preventive). This list is neither complete nor
comprehensive. More tests are being added regularly.

Molecular changes (e.g., driver mutations) that convert normal
cells into cancer can also undergo additional genetic changes
with time. They can also be different in the primary tumor as
compared to the subsequent recurrence or at the site of distant
metastasis. This is part of the genetic instability seen with some
Cancers.[l’lo’l1’21’23’28’29]
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The manner in which one person responds to a medication is
different from another person. This is due to tiny variation in
the genetic structure (called SNP). This difference in normal
cells will determine how quickly or slowly a particular drug is
degraded inside that person’s body — information that can help
determine what is the best drug and/or dose to be used in an
indiVidual.[21’23*28’29’33'35]

Targeted Therapy

Targeted therapy drugs work differently from conventional
chemotherapy drugs. They are built to target specific points on
or in the cell that influence cell survival, reproduction and/or
spread. They affect normal cells less or differently as compared
to conventional chemotherapy. They are “specific” — like
homing missiles as compared to conventional bombing (when
compared to military warfare). However, they are not free of
side-effects. They have different side effects — some of which
we are still to understand in detail.t11012:13.23]

Future advances in the field of cancer management are likely
to be available from such drugs — including novel molecules
that come under the broad category of next generation of
immunotherapy molecules.!'>!3!

These new class of drugs can be divided into two broad
categories — monoclonal antibodies (big molecules) and kinase
inhibitors (small molecules).[%1217231 As the name suggests,
monoclonal antibodies are big molecules. They do not enter
inside the cell (at least not in their intact form). They work by
acting on the cell surface, at the cell membrane level. Here, they
bind to specific receptor proteins. This leads to a conformational
change in the receptors, and a new signal is transmitted into the
cells. The classic example of such molecules are trastuzumab,
cetuximab, and rituximab. The small molecules can enter inside
the cell and can directly influence the metabolism and functioning
of the cell from within its cytoplasm. They are usually kinase
inhibitors (single or dual; reversibly or irreversibly). Classic
examples of these are gefitinib, afatinib, and imatinib.!*!217:23

The steps involved in using the molecular and genetic information
to develop and select targeted therapy is shown in Table 3.

Targeting cancer while sparing the surrounding normal cells is the
principle of targeted therapy. This should improve shrinkage of the
tumor while reducing the side effects. It is important to understand
that some new targeted therapy agents have different and novel
side effects. Patients need to proactively assist their oncologists
by strictly follow instruction regarding precautions to be taken as
well as report any new symptom at the earliest. If such warning
signs are ignored, the adverse effects can become life threatening
and it might become too late to treat them appropriately.!!-*1213.17.23]

Personalized cancer care concept

Thus, personalized cancer care is the principle of best attempt
to deliver the right treatment to the right patient at the right
time based on better understanding of individual patient’s
tumor as well as normal tissue using genetic and molecular
testing, targeted therapy molecules, and incorporating the
insights into improving tumor kill efficiency while minimising
toxicity.[:12:243637] Tt is not a new concept — having been
standard of care since several decades. For instance, breast
cancer patients whose tumors were estrogen receptor positive
were given hormonal therapy (e.g., tamoxifen) and those with
Her2/neu receptor positivity were treated with monoclonal
antibodies (trastuzumab) or small molecule tyrosine kinase
inhibitors (lapatinib).l'"!819311 Clearly, it has always been the
basis of stratified approach to cancer management. Today, this
approach has improved outcome in select group of more than
30 cancer types — including lung cancer, head-neck cancer,
sarcoma, brain tumors, and ovarian cancer. Now, using modern
tools of molecular genetics coupled with the computational
predictive power of bioinformatics as an additional layer over
and above the foundation of standard of care and evidence-
based medicine, we now have many more options to deliver
personalized cancer care [Figure 4].

Personalized medicine is moving away from the “one-size-fits-
all” concept. Here, health care is based on the unique molecular
characteristics of a specific tumor inside a unique human body
and in the context of its surrounding environment, sociocultural
background, and personal preferences.['-!%!437]

This process involves:
A. Patients providing complete medical history honesty

Table 2: Indicative list of commonly used molecular test (bio-markers) in some cancers

Cancer type Prognostic/Predictive

Preventive

Breast ER, PR, HER2, OncotypeDx, MammaPrint
Ovary BRCAI1, BRCA2

Lung EGFR, ALK, ROS

Gastric HER2

Colon MMR IHC, MSI

Prostate ARV7, TMPRSS2-ERG

Brain 1p/19q codeletion, MGMT, IDH1/2, EGFR, TP53
Pancreas BRCAI1, BRCA2 genes

Sarcoma SYT-SSX, EWS-FL1

Thyroid (MTC) -

BRCAI1, BRCA2, TP53, PTEN, CDHI1, PALB2, ATM, CHEK2 genes
BRCA1, BRCA2, MMR genes

MMR, CDHI genes

MMR, PTEN, STK11, APC, MUTYH genes

BRCAI1, BRCA2 genes

TP53 gene

BRCAI, BRCA2 genes

TP53 gene

RET

ALK: Anaplastic lymphoma kinase, EGFR: Epidermal growth factor receptor
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Table 3: Steps in translating molecular information into
targeted or personalized therapy

1 Deeper subtyping of cancer — including rare molecular changes

2 Identification of changes within and on surface of cell as a
result of these molecular changes

3 Computerized (in silico) evaluation of what drugs can

potentially block the detrimental changes in cell that leads to
development and growth of cancer

4 Production of such drugs to target specific genetic alterations

5 Clinical trials to test these drugs and verify whether they really
provide the intended benefit in human beings

6 Licensing of the manufacture and sale of such drugs by
regulatory governmental authorities

7 Selecting the right patient for treatment with these targeted
agents

Personalized Cancer Care — Matching the
right patient to the right treatment

After Molecular Testing

Before Molecular Testing

@
”!!L.

i s
i

Figure 4: The difference in standard conventional therapy (before the molecular
testing era) and personalized cancer care (using sophisticated molecular testing
methodologies)

Physiological status and fitness of the patient

Stage of the cancer

Molecular characteristics of the tumor

Comorbidities and ongoing medication

Available licensed treatment options

Clearly defined preferences by the patient

Standard protocols being followed by the oncologist/
oncology center

Level of comfort and experience of the oncologist with the
treatment options

J. Infrastructure and facilities available at the center providing
treatment.

TOmMmUOW

P

The role of the oncologists is only to be a guide. It is for the
patient and their families to play an important role, take charge
of their health and be an active part of all treatment decisions.
Also, not all patients who undergo such testing will actually
be found to have a molecular alteration that can be used as
a target and will result in specific change in the treatment
decision making.

At the same time, patients and families must clearly understand
that failure of intended benefit is not in the hands of their
doctors. Medicine is not like mathematics and outcome cannot
be guaranteed under any circumstances. For instance, only a
quarter of patients with adenocarcinoma of lung benefit from

nivolumab, only one-third of patients with non-small cell lung
cancer have their tumor shrinking with the standard of care
treatment and only half the patients with Her2 positive breast
cancer respond to trastuzumab,[!-121418.19.38]

Progress in the fight against cancer will continue to be
primarily supported by advances in this field. This will improve
the chance of cure, reduce/delay the risk of cancer growth/
recurrence, increase the ability to kill cancer cells all over the
body and/or improve quality of life by relieving symptoms.

In today’s era of personalized cancer care, each patient is
managed as a unique individual. Oncologists try to identify
what are the individual patient’s features that should be taken
into consideration while managing their cancer. Patients’
preferences can also play an important role provided the
patients and their families express this clearly.[!-!%!418.24.36.37]

The use of this patient information consensus statement
allows the cancer patients and their families to have a better
understanding of their cancer as well as strengthen their ability
to play a proactive role in their own disease, its management
and outcome. It also empowers the patients and families to be
responsible for their choices. 181931381

Take Home Messages

1. Today India sees more than 11 lakh new cancer patients
every year. This has become a major healthcare problem,
and the government has announced that cancer is one of
the most important noncommunicable diseases on their
priority list. General public must join hands with doctors,
hospitals, NGOs and the government to ensure that cancer
is prevented, diagnosed early and treated effectively across
our country.

2. Over the past decade, there has been tremendous progress
in the fight against cancer. More patients get cured, more
patients have meaningful prolongation of good quality of
life and fewer patients are dying from this disease. This is
due to better techniques of diagnosis, availability of better
healthcare facilities, higher number of qualified oncologists
as well as use of modern drugs to treat patients.

3. Molecular genetics and its application for ascertaining the
risk of cancer, its early detection, its accurate diagnosis, in
selecting the right treatment and dose as well as helping
assess the status at follow-up or recurrence are very
important additional tools in the fight against cancer.

4. While we have the potential to provide the best chance
of care and cure to all our patients with cancer, delay
in seeking proper medical help and failure to follow the
advice of their doctors is responsible for increasing cost of
therapy, significant side effects and reduction in the chance
of favorable response to therapy.

5. If patients come on time, cancer will be detected in early
stage, the treatment will be shorter, the side-effects shall
be minimal, the cost will be significantly lower and the
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chance of positive outcome/cure will be highest. In spite
of all efforts by doctors, hospitals, NGOs and government,
the benefit to the patient can only be achieved if he/she
proactively pays attention to his/her own health and follows
all the instructions by healthcare professionals.

Each cell of the human body has 3 billion nucleotides
that code for 30,000 genes and are responsible for the
production of up to 1 million proteins. There is a very
delicate balance between their interactions.

Cancer is a disease that is commonly associated and usually
driven by changes in the genes (called proto-oncogenes) — at
the molecular level. This change results in altered behavior
of the cell and all the cellular elements mentioned above can
be affected. Consequences include development and spread
of cancer as well as chance of response to therapy. Today,
such testing is available in most parts of India.

Today, we have several techniques that go beyond the
standard pathological examination of the specimen under
the light microscope. Such specialized tests enable us to
get information beyond what can be seen by the naked
eye. Molecular genetic changes give a better understanding
of the disease. This insight has the potential to facilitate
the selection of the best treatment option for patients with
specific mutations.

We now know that the chance (incidence) and type of
mutations have geographical variations of importance. For
instance, the EGFR mutations are seen in a tiny fraction
of patients in the western world where as its incidence is
higher in patients from India and surrounding countries.
This is also true for ALK mutations. This enables us to
decide which testing is necessary and how to interpret its
results specific for our patients.

Molecular analysis requires three steps — getting the
right sample, doing the right test in the laboratory
and processing the test result information to make a
meaningful decision regarding patient management. Quality
is crucial at all these stages. Moreover, this takes time.
This process cannot be done in haste or without proper
controls. It also requires the right equipment. For instance,
the computational power required with whole genome
sequencing is the equivalent of using a modern desktop
computer continuously for 3 weeks.

Hereditary cancers form only about 5% of all cancers. If
a family has more than one member affected by cancer,
it need not be due to inherited defects. There are other
factors shared by families that can be responsible for
higher risk of cancer — like smoking, obesity, lack of
exercise, shared environmental exposure and eating habits.
Yet, it is important to screen and test for hereditary cancer
risk in select groups of families — to tailor the screening,
diagnosis, treatment and follow-up recommendations for
those with higher risk.

Molecular changes (e.g., driver mutations) that convert
normal cells into cancer can also undergo additional
genetic changes with time. They can also be different

13.

14.

15.

16.

in the primary tumor as compared to the subsequent
recurrence or at the site of distant metastasis. This is part
of the genetic instability seen with some cancers.

The manner, in which one person responds to a
medication, is different from another person. This is due
to tiny variation in the genetic structure (called SNP). This
difference in normal cells will determine how quickly or
slowly a particular drug is degraded inside that person’s
body — information that can help determine what is the
best drug and/or dose to be used in an individual.
Targeting the cancer while sparing the surrounding
normal cells is the principle of targeted therapy. This
should improve shrinkage of the tumor while reducing
the side effects. It is important to understand that some
new targeted therapy agents have different and novel side
effects. Patients need to proactively assist their oncologists
by strictly follow instruction regarding precautions to be
taken as well as report any new symptom at the earliest.
If such warning signs are ignored, the adverse effects can
become life threatening and it might become too late to
treat them appropriately.

In today’s era of personalized cancer care, each patient
is managed as a unique individual. Oncologists try to
identify what are the individual patient’s features that
should be taken into consideration while managing their
cancer. Patients’ preferences can also play an important role
provided the patients and their families express this clearly.
Use of this patient information consensus statement allows
the cancer patients and their families to have a better
understanding of their cancer as well as strengthen their
ability to play a proactive role in their own disease, its
management and outcome. It also empowers the patients
and families to be responsible for their choices.
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