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Hello Colleagues,

Season’s greetings and
A Very Happy New Year, 2023!

Best Regards,

Dr. Hima Challa

Come December, and it is time to ring in the Christmas cheer. May 
the festive spirit ignite new passion in you as you get ready to 
embrace the new year.

This month, ATGC Life brings you highlights of the “Knowledge 
Meet” which took place on 29th October, 2022 (Saturday) at 
Hyderabad. The event was attended by about 120 medical 
practitioners and 12 thought leaders who spoke at length about 
the latest developments in the field of personalized medicine, 
including pharmacogenomics. The event began with a session on 
“Meeting Unmet Medical Needs- Genomic Medicine.” This was 
followed by two panel discussions- (1) Clinical Applications of Next 
Generation Sequencing in Precision Oncology and (2) Realizing 
the Promise of Personalized Medicine. After this, there was a talk 
on “Strategies for integrating personalized medicine into your 
practice.” The concluding session dealt with “Comprehensive 
genomic profiling: Powerful insights for personalized treatment.” 
Apart from this, we bring you the latest news from the world of 
genetics as part of our regular feature.
 
Here’s looking forward to a great year end and an equally bright 
and healthy new year, 2023 to all!! Cheers…

Dr. Hima Challa  
Director, GenepoweRx

MD FACP, MD in Internal Medicine, USA, 

Professional Degree in Medical Genomics, 

Harvard Medical School , Masters in Nutrition 

science, Texas Women University, Founding 

member of Pharmacogenomics Research 

Network, Program Director, Internal Medicine 

residency  program, Campbell University

Our Mission is to improve every 
individual’s quality of life derived from 
advanced genomics and overall health 

pro�le by bringing in genomic solutions 
to mainstream clinical practices.
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Physique is quiet a noticeable trait. It has been observed 

that some people require a strenuous exercise regimen, 

diet, and so on to achieve a desired physique or body, 

whereas others achieve the same body with minimal effort. 

This is because genes play an important role in the exercise 

outcomes.

Studies have found that genes play a significant role in how 

our bodies respond to exercise and have identified a 

number of specific genes that influence the outcomes of 

different kinds of physical activity.

When it comes to athletic and physical performance, 

genetics accounts for approximately 50-60% of the 

difference in the abilities. The remaining 40-50% is 

determined by environmental factors such as exercise, diet, 

and lifestyle habits such as sleep or factors like stress.

Some of the genes that influence effectiveness of exercise 

include the following:

One can take genetic test to understand the fitness regimen 

they should follow and the type of nutrition they should take 

to accelerate their fitness performance. 

There are many other genes that are responsible for fat 

burning, endurance, fast running (speed), muscle 

contraction, recovery, low oxygen levels, etc. that influence 

the effectiveness of exercise in an individual. A genetic test 

will definitely be essential and helpful in determining the 

exercise outcomes and results, which can help design the 

fitness goals that one can achieve.

References:
1. Fitness program: 5 steps to get started. Mayo Clinic. 
https://www.mayoclinic.org/healthy-lifestyle/fitness/in-depth/fitness/art-20048269 
(Accessed on 29-11-2022)
2. Is athletic performance determined by genetics? MedlinePlus. 
https://medlineplus.gov/genetics/understanding/traits/athleticperformance/ (Accessed 
on 29-11-2022)
3. Is there something holding back your health, wellness, fitness or recovery? Fitness 
Genome. https://fitnessgenome.net/ (Accessed on 29-11-2022)
4. DNA Testing for Fitness Genomics And Diet. InstaFitness. 
https://instafitness.in/dna-testing-fitness-genomics/ (Accessed on 29-11-2022)
5. Unlock the hidden potential in your genes to make success real. Fitness Genome. 
GeneSupport. https://genesupport.in/sports-exercise-genomics (Accessed on 
29-11-2022)
6. Henry C. Chung, Don R. Keiller, Justin D. Roberts, Dan A. Gordon. Do 
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IL15RA gene: It stands for interleukin 15 receptor, alpha 

subunit. It is related to muscle breakdown prevention and 

how quickly muscle size can increase. Some people have 

genes associated with increased strength but decreased 

muscle size in response to resistance training, while 

others have genes associated with increased muscle size 

and hypertrophy but only minor gains in strength in 

response to resistance training.

MSTN gene: Myostatin gene is responsible for unusual 

muscle size and strength. Variations in this gene can 

result in negative response in muscle development, and 

influences resistance training and muscle mass and 

strength.

APOA2 gene: It stands for Apolipoprotein A-II. APOA2 

influences fat metabolism, insulin sensitivity, and obesity. 

Certain genetic variations are linked to a stronger (more 

negative) response to a high-fat diet and an increased risk 

of developing obesity.

FTO gene: FTO stands for Fat Mass and 

Obesity-Associated Gene. It is also called “the fat gene”. 

All humans carry the FTO gene, and a slight variation 

makes people more vulnerable to becoming obese adults. 

Having this gene variant could induce food cravings and 

make one hungry quickly. Becoming hungry frequently 

can come in the way of exercise outcomes, as it 

compensates the calories burnt during exercise.

ADRB2_2 gene: It stands for adrenaline signalling gene. 

Any variations in this gene are associated with obesity  

loss interventions. Men who have a specific genetic 

variation of ADRB2 2 are more likely to be overweight, 

have a higher BMI, and be fat. If an individual has it, they 

are more likely to struggle with obesity and struggle with 

weight loss plans.

PPARG gene: It stands for peroxisome proliferator 

activated receptor gamma. This gene influences 

processing of fat and carbohydrate. Exercise is known to 

upregulate PPARγ-controlled genes to induce beneficial 

effects in skeletal muscle. This protein is a receptor that 

controls how fat is stored and glucose is broken down, 

determining your risk of obesity and diabetes as well as 

your response to saturated fats and power-based 

activities, indicating how easy/difficult it is for your body 

to lose fat and respond favourably to exercise.

Genes that influence
the effectiveness of exercise

2

Do Genetic Variants 
Influence Effectiveness
of Exercise?



Human genome and nutrition have a bilateral relationship. 

The genes of an individual determine the nutrient status, 

metabolic response, and susceptibility to diet-dependent or 

related health disorders. On the other hand, nutrients 

regulate transcription factors that modify the gene 

expression, thus, adjust the metabolic responses at  

molecular level. 

One of the major causes for the difference in the response 

in diet among different individuals is the genetic variation. 

Knowing how genetic variation influences gene expression 

and identifying genetic variants as risk factors for nutrition 

dependent or related disorders is the aim of nutrigenetics or 

nutritional genomics. 

Epigenetic alterations are an important component of the 

gene-diet interactions, which impact vital biological 

processes like the metabolism of dietary nutrients. An 

important epigenetic alteration is the methylation of DNA in 

and around promotor regions, which results in reduced or 

suppressed gene transcription and can be reversed or 

unmethylated. Some examples of genetic alterations and 

their effect on nutrition are discussed below. 

An individual homozygous for the rarer MTHFR T allele (T/T) 

require a higher folate intake than the carriers of C allele to 

lower their risk of folate-related pathologies.

This gene codes of the vitamin D binding protein (DBP), 

which is the main carrier of vitamin D metabolites in 

bloodstream; about 85% of the total 25(OH)D is bound to 

this protein. It also acts as its reservoir, when intake and 

synthesis are low. 

References: 
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Nutrition: Can You “Eat for Your Genes”? Nutrients. 2020; 12(10):3118. (Accessed on 
29-11-2022)
2. Theresa Drabsch, Jennifer Gatzemeier, Lisa Pfadenhauer, Hans Hauner, Christina 
Holzapfel, Associations between Single Nucleotide Polymorphisms and Total Energy, 
Carbohydrate, and Fat Intakes: A Systematic Review, Advances in Nutrition, Volume 9, 
Issue 4, July 2018, Pages 425–453. (Accessed on 29-11-2022)
3. Ayman Zaky Elsamanoudy, Moustafa Ahmed Mohamed Neamat-Allah, Fatma Azzahra� 
Hisham Mohammad, Mohammed Hassanien, Hoda Ahmed Nada. The role of nutrition 
related genes and nutrigenetics in understanding the pathogenesis of cancer, Journal of 
Microscopy and Ultrastructure, Volume 4, Issue 3, 2016, Pages 115-122, ISSN 2213-879X. 
(Accessed on 29-11-2022)
4. Patrick J Stover, Influence of human genetic variation on nutritional requirements, The 
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MTHFR is involved in the metabolism of folic acid and 

maintenance of the normal blood level of homocysteine. 

Folate is a B vitamin whose function is to carry and activate 

one-carbon units; one-carbon unit is required for the 

remethylation of homocysteine to methionine, which can be 

further adenylated to form S-adenosylmethionine, a 

cofactor for methylation reactions including those involved 

in gene regulation. MTHFR Ala222Val polymorphism, a 

C-to-T transition in the coding region, results the conversion 

of an alanine to a valine in the protein. This impairs 

remethylation of homocysteine to methionine, altering DNA 

methylation and gene expression, and also increases the 

conversion of deoxyuridine monophosphate (dUMP) to 

deoxythymidine monophosphate (dTMP), which leads to 

more folate-dependent thymidine biosynthesis.  

Two of the most studied single nucleotide polymorphisms 

(SNPs) in the GC gene are the missense SNPs rs4588 and 

rs7041, which together define the GC1s, GC1f, and GC2 

haplotypes. rs4588 causes substitution of lysine for 

threonine (at position 436) and rs7041 SNP results in a 

substitution of glutamic acid for aspartic acid (at position 

432). Research has found lower serum concentrations of 

25(OH)D in carriers of one or more GC2 alleles, and 

GC2/GC2 homozygotes have higher risk of vitamin D 

deficiency. 

Further evidence found that that the rs4588 A/A genotype 

and the GC2/GC2 diplotype were both associated with low 

serum levels of 25(OH)D at birth; these variants and the 

rs7041 G/G genotype did not benefit from vitamin D 

supplementation. Whereas, GC2 carriers (and especially 

GC2 homozygotes) are likely to respond to vitamin D 

supplementation. 

Apart from these two, there are several other genes 

identified that may be associated with carbohydrate, fat 

and total energy intake at the fat mass and 

obesity–associated (FTO) locus. But the results were mixed 

and inconsistent among various ethnic groups.

Although nutrition based on the genetic make up of an 

individual may not be a reality now, but still there is a lot of 

potential in this arena. Research has identified several genes 

associated with nutritional deficiencies, which can help an 

individual to address the root cause of their disease  related 

to nutrition. Many ongoing studies are evaluating the 

association of certain genes and nutritional requirements. A 

personalized diet based on the genetic variations can be 

available to the common man in the near future.

Methylenetetrahydrofolate reductase gene 
(MTHFR): 

How do genes affect the nutritional 
requirements

Gc-globulin (GC) gene: 
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Aromatic L-amino acid decarboxylase (AADC) deficiency is 

a very rare genetic disorder, marked by decreased activity 

of the enzyme, aromatic L-amino acid carboxylase. This 

gene is responsible for synthesis of neurotransmitters, 

mainly dopamine and serotonin, that helps in 

communicating between the neurons in central nervous 

system. 

Babies born with this condition appears to be normal but 

develops its symptoms during the first few months of life. 

Age of onset of initial symptoms for this deficiency disease 

varies from the time of birth to the first 12 months of life. The 

severity of the disease can vary from one individual to the 

other. Infants affected by this ailment are more likely to 

develop medical complications such as reacting 

inappropriately to surgery. As a result, the survival rate of 

children with severe form of this disease is very low. Some of 

them don’t even live through childhood.

Symptoms of AADC deficiency

Conclusion

Genetic inheritance of AADC deficiency

Role of Genes in AADC deficiency

These neurotransmitters, dopamine and serotonin, are 

required for proper communication between neurons that 

form a part of the central nervous system. Other 

neurotransmitters such as epinephrine and norepinephrine 

are part of the sympathetic nervous system and respond to 

the “flight or fight” situations. Dopamine is responsible for 

motor control while serotonin regulates the sleep-wake 

cycle, appetite, memory, and mood. A deficiency in the 

AADC enzyme causes these neurotransmitters not to 

perform to their optimum levels, resulting in manifestations 

of symptoms evident in AADC deficiency disorder.

Although there is no cure for AADC deficiency till date, a 

number of medications are available to help manage the 

symptoms. Gene therapy also holds great promise for 

future of its treatment. Adeno-associated virus (AAV) 

human AADC gene therapy (AGIL-AADC) helps in 

correcting the underlying molecular defect that leads to the 

disease. The aim is to increase dopamine levels in the brain 

by inhibition of monoamine oxidase (MAO) and use of 

dopamine agonists to directly stimulate dopamine 

receptors.  With future medical advancements, we can 

surely look forward to saving the lives of infants affected by 

AADC deficiency disorder.
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This deficiency disease is characterized by certain 

symptoms as mentioned below:

The DDC gene is important for proper functioning of 

nervous system as it provides instructions for making the 

AADC enzyme. An abnormal DDC gene results in 

production of an AADC enzyme which is dysfunctional and 

cannot perform its normal functions. AADC enzyme 

catalyzes chemical reactions involved in the synthesis of 

molecules called neurotransmitters. 

Mutations or alterations in a gene called DDC (DOPA 

decarboxylase) results in AADC deficiency in a person.

Signs and symptoms manifested in AADC deficiency 

become more prominent or worsen later during the day or 

when the individual is tired. These symptoms tend to 

improve after the person wakes up after a sleep. 

AADC deficiency is an example of an autosomal recessive 

disorder. It means that the affected individual inherits an 

abnormal gene from each parent. If the individual gets one 

normal and another abnormal gene for this condition, they 

will be a carrier for the disorder, although usually not 

showing any symptoms. When two carrier parents have an 

offspring, chances of that child inheriting the abnormal gene 

from both the parents is 25% with each pregnancy. There 

are 50% chances for the child to be a carrier just like the 

parents. The likelihood of having a normal child is also 25% 

in this case. Both males and females stand same risk of 

inheriting this deficiency.
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Hypotonia (decreased muscle tone)

Oculogyric crisis (abnormal eye movement)

Developmental delay

Restricted growth

Disruption of the autonomic nervous system
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A person’s DNA holds the key to their genetic 

predisposition to diseases. Many diseases have a underlying 

genetic cause, if it is identified, it is far simpler to have an 

approach towards correct, targeted treatments. Recent 

research has made it easier to identify genes that cause 

abnormal bone density and fractures. Bone mass density 

(BMD) is measured using dual-energy X-ray absorptiometry 

(DXA). A lower BMD makes a person susceptible to  

fractures, especially low trauma fracture. 

Osteoporosis is a polygenic disorder that is characterized 

by reduced bone mass and increased risk of fractures. 

Some novel genes that affect bone-forming cells or 

osteoblasts have been recently identified. Here, we highlight 

some of these genes which are linked to abnormal bone 

density and fracture.

CLCN7: This particular gene encodes a chlorine channel 

that remains highly expressed in osteoclasts. It is required 

for acidification of the resorption lacuna. When CLCN7 

gene undergoes homozygous activation mutations, it 

causes a severe form of recessive osteopetrosis. On the 

other hand, heterozygous missense mutations of the 

same gene cause autosomal dominant osteopetrosis. 

Conclusion
Many advances have been made to understand how genes 

play a role in influencing abnormal bone density and 

fracture. Knowledge about genetic factors will pave the way 

for specific targeted therapies and make use of genetic 

markers to assess the risk of developing a disease. 

Genome-wide association studies (GWAS) can lead to 

identification and confirmation of the role of candidate gene 

polymorphisms in controlling bone mass density and other 

markers (such as fractures) that lead to osteoporosis.

Bone morphogenic proteins (BMPs): BMPs are genes 

that are responsible for regulation of bone mass density. 

Some naturally occurring mutations along the BMP 

pathway are associated with limb formation defects. The 

results of some recent studies show that polymorphic 

variations in members of the BMP family maybe 

associated with regulation of bone mass and risk of 

developing osteoporosis. For example, common 

polymorphisms that cause alanine-to-valine substitution 

at position 152 in the BMP4 protein, have been linked with 

low BMD. 

CBFA1: This gene, also known as Runx2 has an important 

role to play in regulating osteoblast differentiation. The 

human syndrome of cleidocranial dysplasia or CCD occurs 

as a result of different missense, nonsense, and frameshift 

mutations of CBFA1 gene. 

Genes affecting bone health

Genes Linked to Abnormal 
Bone Density and Fracture
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ING3 gene : This gene bears the strongest genetic signal   

for bone density at the wrist, especially in children. Based 

on this, many follow-up studies investigated biological 

pathways that were affected by this gene, which could 

present targeted therapies to strengthen BMD and 

prevent fractures.     

Lipoprotein receptor-related protein 5 (LRP5): LRP5 

and LRP6 are transmembrane proteins that act as 

coreceptors for canonical Wnt signaling. Wnt signaling 

plays a key role in various developmental processes such 

as cell fate decisions, osteoblast and chondrocyte 

differentiation, limb patterning, and development of  

central nervous system. The LRP5 pathway was 

discovered as a key regulator of bone mass in two 

diseases i.e. OPPS (early onset of severe osteoporosis) 

and HBM syndrome (increased bone mineral density). 

Transforming growth factor (TGF-β1): This controls vital 

cellular functions during embryonic development and 

postnatal period. TGF-β1 is encoded by TGFB1 gene and 

acts as a regulator to osteoporosis for two reasons. First, 

it is abundantly found in the bone and second, it affects 

osteoblast and osteoclast function in-vitro. 

Polymorphisms in TGFB1 gene have been widely studied 

with respect to osteoporosis.



A recent study found that a combination of aerobic training 

(AT) and vitamin D (Vit D) may enhance the lipid profile and 

liver enzymes. In comparison to AT or Vit D alone, this can 

tip the balance in favour of inflammation inhibition by 

downregulating gene expression of inflammation-related 

factors. The results of this study were published in BMC 

Endocrine Disorders.

The study included 40 males with type 2 diabetes mellitus 

(T2DM) who were randomly assigned to 4 groups: 

AT+vitamin D supplementation (AT+Vit D), AT+placebo 

(AT), Vit D supplementation (Vit D), and control+placebo (C) 

for 8 weeks.

 

At the end of 8 weeks, the results showed significant favor 

towards AT+Vit D when compared to other groups. Also, 

the gene expressions were downregulated significantly in 

AT+Vit D, AT, and Vit D, while upregulated in C. Further, 

compared to individual AT or Vit D, AT+Vit D significantly 

downregulated gene expression of inflammation-related 

factors. As a result, AT+Vit D may be regarded as a suitable 

treatment for T2DM.

 

Therefore, AT+Vit D may be considered appropriate 

therapy for managing T2DM.

Source: Hoseini R, Rahim HA, Ahmed JK. Decreased 

inflammatory gene expression accompanies the 

improvement of liver enzyme and lipid profile following 

aerobic training and vitamin D supplementation in T2DM 

patients. BMC Endocr Disord. 2022 Oct 8;22(1):245. doi: 

10.1186/s12902-022-01152-x. PMID: 36209084; PMCID: 

PMC9547373.

https://pubmed.ncbi.nlm.nih.gov/36209084/

 

A recent study found evidence that suggested gene 

expression may interact with folate consumption to alter 

colorectal cancer (CRC) risk. The results of this study were 

published in Scientific Reports.

The study aimed to investigate interactions between folate 

consumption and predicted gene expression on colorectal 

cancer risk across the genome. For genes including 

glutathione S-Transferase Alpha 1 (GSTA1), Tonsuko Like, 

DNA Repair Protein (TONSL), and Aspartylglucosaminidase 

(AGA), hints of an association between folate consumption 

and CRC risk were observed.

For a set-based gene–environment (G × E) approach, 

variant weights from the PrediXcan models of colon 

tissue-specific gene expression as a priori variant 

information was used. Between cohort and case-control 

studies, the total folate intake (mcg/day) was harmonised 

based on dietary intake and supplementary use, and sex 

and study-specific quantiles were determined. Analyses 

was performed using a mixed effects score tests for 

interactions between folate and genetically predicted 

expression of 4839 genes and results were pooled from 

across 23 studies. 

Three genes that may interact with folate consumption to 

change the risk of CRC were discovered by data pointing to 

possible interactions. Glutathione is an antioxidant, 

preventing cellular damage and is a downstream metabolite 

of homocysteine and metabolized by GSTA1. TONSL is part 

of a complex that functions in the recovery of double strand 

breaks and AGA plays a role in lysosomal breakdown of 

glycoprotein. 

Hence, the three genes, GSTA1, TONSL and AGA may 

interact with folate consumption to alter colorectal cancer 

(CRC) risk.

Aerobic training and vitamin D 
supplementation inhibit gene 
expression of
inflammation-related factors

Certain genes interact with total 
folate consumption and impact 
colorectal cancer risk

Source: Cameron B. Haas, Yu-Ru Su, Paneen Petersen, et. al. 

Interactions between folate intake and genetic predictors of 

gene expression levels associated with colorectal cancer 

risk. 2022 Nov. Scientific Reports. Nature.

https://www.nature.com/articles/s41598-022-23451-y6



Omega-3 fatty acid is inversely 
related to inflammatory gene 
expression in Multiple Sclerosis 

Vitamin C and E 
supplementation can reduce 
inflammation in cystic fibrosis 
patients

The findings of a recent study suggest that blood omega-3 

fatty acid (FA) is inversely related to inflammatory gene 

expression (IGE) inn multiple sclerosis (MS). 

The results of the study were published in the journal, 

Nutrients. It included 1353 participants from 13 cohort  

between the time frame of 3 to 144 weeks. The results 

obtained were assessed based on the criteria of Expanded 

Disability Status Scale (EDSS). Various parameters were 

looked into such as omega-3 polyunsaturated fatty acids 

(PUFA), docosahexaenoic acid (DHA), α-linolenic acid, and 

eicosapentaenoic acid (EPA) with EDSS and inflammatory 

gene expression, tumor necrosis factor-alpha, interleukins 

(IL-1, IL-6, IL-8).

 

The results showed an inverse relationship between DHA 

and EDSS scores. Also, omega-3 FA concentrations were 

also found to be inversely related to IGE and EDSS scores, 

showing that they maybe responsible for the diagnosis, 

prognosis, and management of MS. 

According to a study conducted by Oregon State University, 

patients of cystic fibrosis can benefit greatly by taking 

vitamin C and E supplements as these help in reducing 

inflammation and related oxidative stress.

The findings of the study were published in the journal, 

Nutrients. Cystic fibrosis is a genetic disease marked by lung 

inflammation and mucus build up, leading to airway 

blockage. Other than oxidative stress, cystic fibrosis is 

characterized by problems with fat absorption. This, in turn, 

restricts uptake of vitamin E, a fat-soluble vitamin. A 

patient’s daily requirement of this vitamin is 400mg. This 

study looked into the role of how vitamin C supplements 

helped in better absorption of vitamin E.

 

Post 3.5 weeks of daily intake of 1000mg of vitamin C, it was 

found that the patients showed a marked decrease in 

vitamin E elimination from their bloodstream. As a result, 

vitamin E gets into tissues better and protects cell 

membranes from oxidative stress, thereby improving the 

condition of patients with cystic fibrosis.

Source: Maret G. Traber, Scott W. Leonard, Vihas T. Vasu, 

Brian M. Morrissey, Huangshu (John) Lei, Jeffrey Atkinson, 

Carroll E. Cross. α-Tocopherol Pharmacokinetics in Adults 

with Cystic Fibrosis: Benefits of Supplemental Vitamin C 

Administration. Nutrients, 2022; 14 (18): 3717 DOI: 

10.3390/nu14183717.

https://www.sciencedaily.com/releases/2022/09/22092913

3437.htm. 

Source: Ghasemi Darestani N, Bahrami A, Mozafarian MR, 

Esmalian Afyouni N, Akhavanfar R, Abouali R, Moradian A, 

Lorase S. Association of Polyunsaturated Fatty Acid Intake 

on Inflammatory Gene Expression and Multiple Sclerosis: A 

Systematic Review and Meta-Analysis. Nutrients. 2022 Nov 

2;14(21):4627. doi: 10.3390/nu14214627. PMID: 36364885; 

PMCID: PMC9656750.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9656750/. 7



Words of Wisdom by 

Mr. Jayesh Ranjan

Mr. Jayesh Ranjan, IAS and Advisor for IT Government of 

Telangana, addressed the delegation at the ATCG Life 

Knowledge Meet on October 29th, 2022, at Hotel Daspalla. 

He spoke about the need for medical institutions like 

Yashoda, AIG, and CARE Hospitals to take the initiative to 

guide the industry. He also discussed the challenges for 

upcoming and approved therapies in terms of 

manufacturing, supply chain, regulatory, reimbursement, 

and market accessibility, as well as the need for all 

stakeholders to work together to build world-class 

infrastructure and capabilities in order to accelerate the 

development and commercialization of new-age curative 

therapies. 

He also spoke about the Telangana government’s plan to 

start Center of Excellence for Genomic Medicine, which will 

provide affordable and transformative genetic-based 

therapies not only to the region but to the entire world in the 

long run.

According to global research, there were 767 medicines in 

phases I, II, and III of trials for chronic medical conditions as 

of August 2022, and personalized medicine entering the 

practise was unavoidable, and we needed to be prepared. 

There are 300 trials for cancer, 94 for cardiovascular 

diseases, 64 for diabetes and obesity, and 166 in phase 3 

studies. The fact that most of them are targeted therapies 

adds further weight to this argument.

Dr. Hima Challa, Director, K&H, then took over continuing the 

discussion by pressing on the need for different medicine 

subspecialties other than oncology, which is already a bit 

more familiar with targeted therapies, to start adopting 

them. Inclisiran, a recently approved targeted therapy for 

cholesterol management, is one of the examples of 

targeted therapies. It is a PCSK9-interfering mRNA  that is 

coming to other specialties than just oncology. 

Mr. Ranjan also mentioned how Hyderabad has the best 

business-friendly policies and the start of citizen health 

profiling to encourage genomic medicine. He also said that 

the government is fully supportive of genomic medicine and 

the advancement of healthcare in the state, eventually 

becoming a role model for the country. 

He also stated how happy he was that individual medical 

institutions are collectively working on issues pertaining to 

personalized medicine and gene therapy, which is the ideal 

approach for treatment and care, which will also play an 

important role in the upcoming Center of Excellence.  

He also expressed his pleasure at seeing various experts’ 

participation and discussion in this event. He also invited 

people to participate and provide feedback once the Center 

of Excellence concept paper was released.  

Citizen Health Profiling

Medicines Still Under Trial for Chronic 
Conditions

Need for Different Medicine 
Subspecialities 

Meeting Unmet Medical 
Needs – Genomic Medicine 
By Dr. Kalyan and Dr. Hima
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The session began with a brief presentation by Dr. Kalyan 

Uppaluri, Managing Director, K&H Personalized Medicine, on 

how and why to incorporate molecular biology and genetic 

science into clinical practice, supported by a few figures. 



Addressing the issue of genetics and genomic studies not 

being adequately included in the medical curriculum, the 

amount of research being done in genomics and the 

available evidence should be bridged. Precision medicine 

was developed in response to problems with standard 

prescribing patterns, wherein one treatment is attempted 

and fails, followed by subsequent failures of further 

interventions like polypharmacy, side effects adding to it, 

and so on. Dr. Hima also spoke about the missing x-factor in 

tailor-made medicine for patients despite advancements in 

medicine and technology. Almost 50% of the prescriptions 

experience failure and come back for modifications, and 

there is also a lack of available guidelines for practitioners 

which may lead patients to use methods such as carb-free 

diets, etc., leading to various problems and adding to the 

need for regulated, wholesome 360-degree patient care, 

including their diet and lifestyle.

Dr. Hima focused on the 4 Ps of Medicine, which aims to 

make treatment as personalized as possible by 

incorporating predictive and preventative measures as well 

as increased patient involvement. Talking about the 

current situation in medical curriculum, she said that after 

2019, the American College of Medical Genetics and 

Genomics (ACMG) had inculcated genomics into their 

internal medicine, gynaecology, and paediatric residency 

programmes as one of the core curriculums. The guidelines 

were also being mandated by ACMG, and the FDA had 

started approving genomic databases; hence, more and 

more targeted and gene-based therapies are predicted to 

come in. The talk continued with the ways of implementing 

personalization by amalgamating diet and lifestyle 

management with the treatment, the patient’s genetic 

profile, selecting the right drug, and proper screenings.

Example of Whole Exome Profile

4 Ps of Medicine

Two-Step Validation for Genome Analysis

Requirements for Next-Generation 
Sequencing (NGS)

The management plan was considered after assessing his 

whole exome profile and not finding any important 

mutations. Another example was a 37-year-old person who 

had come with a family history of cancer. After undergoing 

the cancer screenings, she found BRCA1 and BRCA2 

structural changes and started making the required changes 

to her lifestyle and undergoing regular ultrasound scans. 

She is currently doing fine.

Dr. Hima also mentioned the two-step validation provided 

by ACMG once the genomic analysis is ready. One is clinical 

validation to see if the data is clinically relevant. Another is 

phenotypic correlation, where the patient's medical 

information and lifestyle are also considered, which forms 

the epigenetics. Dr. Hima focused on how important 

two-step validation is, which is the correlation of clinically 

relevant data with phenotypic data to provide the right 

assessment, and also how avoiding it may backfire.

Dr. Hima used the example of a 28-year-old patient who had 

elevated glycosylated haemoglobin levels that had been 

significantly reduced without the use of medications and 

solely through dietary and lifestyle changes. 

Dr. Kalyan further gave an account of the requirements that 

are needed for Next-Generation Sequencing (NGS). The 

test needs to undergo validity testing. The accuracy, 

sensitivity, and specificity of NGS depends on the person 

and protocol, as well as the depth of coverage and the size 

of the raw data.
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Dr. Kalyan provided a few statistics about the clinical 

significance of data validation, such as how 33% of heart 

attacks in India occur at an early stage and 60% of people 

with coronary artery disease are positive for PCSK9, as well 

as how Inclisiran silences the gene. Inclisiran is currently not 

available in India, but another drug, Repatha (Evolocumab), 

is available here. APOC3, being one of the favourite targets 

for researchers, is also being investigated for an antisense 

drug that is going to be approved next month 

(Volanesorsen), and a few more molecules like ANGPTL3 
and PDL4 monoclonal antibodies are being developed. 

Dr. Kalyan also talked about pharmacogenomics and how it 

also needs to be considered as the FDA website mentions 

581 drugs that have pharmacogenes involved. These 

pharmacogenes are also mentioned on black labels. The 

pathways and genes for these medications are included in 

pharmacokinetics and pharmacodynamics. The guidelines 

are also changing and being approved by the American 

College of Cardiology and the European Society of 

Cardiology. Dr. Kalyan also said that personalized medicine 

will arrive at any time, and the answer is in the genes.

Dr. Hima again concluded the talk by giving an update about 

Life File, a report generated for the individual with 

information about their genomic analysis, medication, diet, 

and lifestyle. Dr. Hima also mentioned Live100.life, which is 

mainly for the patients to find out about personalized 

medicine and also allows the physicians who practice 

personalized medicine to find these patients through the 

portal there, interact with them, and update them about 

their webinars, etc., as this is a collective work. The final 

point raised was about CRISPR, a platform for institutions to 

move science forward.

The panel members included: Dr. Saadvik Raghuram, a 

renowned oncologist at Medicover Cancer Institutes who 

completed his MBBS from JSS Medical College and DM in 

Medical Oncology and MD in Radiation Oncology; Dr. 

Vamshi Krishna, AIG Hospitals; Dr. Sudha Sinha, CARE 

Hospitals; Dr. Shrikar Kumar, Onco Cancer Centres; and Dr. 

Chinnababu Sunkavalli, Yashoda Hospitals.

The discussion started off with Dr. Kalyan greeting all the 

panelists. Dr. Kalyan was the moderator of the session. The 

discussion was about the landscape of what cancer 

treatments were going to be in the future and how 

molecular testing would play a role in the diagnosis, testing, 

and management of the disease.

The first topic of the discussion was the increasing incidence 

of cancer, the scope of screening, and what capacity 

building could be done to improve screening. The initial 

views were given by Dr. Chinnababu, whose main focus is 

cancer screening and prevention. Dr. Chinnababu also runs 

the Grace Cancer Foundation, which he has been running 

for nearly 20 years and has had an impact in nearly 130 

countries.

Dr. Chinnababu expressed his happiness to share his 

on-ground experience over the last decade on community 

screening. Dr. Chinnababu mentioned that, looking at 

various data from Globocan and other sources, the 

incidence of cancer has in fact been increasing in low- and 

middle-income countries. Looking at the USA, the incidence 

of cancer has been declining by 1.3 % every year, whereas in 

this part of the world we see around 20 lakh new cases per 

year.

 

Life File

Increasing Incidence of Cancer and Scope 
of Screening

Panel Discussion: 1
Clinical Applications of 
Next-Generation Sequencing in 
Precision Oncology
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In our part of the world, head and neck cancers are more 

common, as are gastric and lung cancers in men and breast 

and cervical cancers in women. Hyderabad was seen as 

having more breast cancer cases than any other district. 

The increase in the incidences can be attributed to 

increased awareness and improved screening methods for 

early detection. The community engagement through 

mobile screening methods for oral, breast, and cervical 

cancers adopted by them has led to good pick-up 

percentages of about 1.6 percent, which is high since we are 

probably dealing with high-risk people compared to the US, 

where detection of breast cancer through mammography is 

0.3 percent. Dr. Chinnababu also mentioned the "4:4:80" 

factor, which is made up of four lifestyle factors that can be 

changed: tobacco use, lack of physical activity, an unhealthy 

diet, and excessive alcohol consumption. These factors lead 

to four noncommunicable diseases: cancer, diabetes, heart 

disease, and pulmonary disease, which account for 80% of 

noncommunicable deaths and can be avoided through 

lifestyle changes, according to the doctor. The problem is 

mainly attributed to a lack of awareness. The screening rate 

for breast cancer in urban India is 0.5%, let alone in rural 

India, which is much lower, so there is a lot of scope to 

increase awareness and screening. Dr. Kalyan also agrees 

with Dr. Chinnababu that the need for screening is important 

and, access and capital for screening should be worked on 

and promoted more.

The next point in the discussion was addressed by Dr. 

Vamshi. 

Dr. Kalyan asked Dr. Vamshi about the relevance of 

molecular tests and palliative therapy in the context of 

tumor-agnostic therapy, which is treatment based on the 

approval of mutations regardless of the type or origin of the 

cancer. Dr. Vamshi states that the approach to cancer now 

is not just naming the cancer but also looking at it at the 

individual patient level. Even though there are classes of 

medicines for a type of cancer, there is a transition towards 

personalized medicine, where we are trying to sequence the 

tumour to find out what is making that particular tumor tick 

and how to attack the tumor. Personalized medicine was 

unheard of just five years ago, but it is now in use, and things 

are changing. As of now it may be used mostly for a niche 

set of patients, but in around 3 years’ time it would be used 

more regularly used. Dr. Vamshi also discussed how a study 

from Tata Memorial Hospital provides an example of such an 

approach, in which a medicine used in Indian patients at a 

dose one-tenth of what it was used for in patients from the 

United States was shown to be effective here as well as 

cost-effective. As a result, evidence supported by data from 

our population should be considered as a strategy. 

Considering these scenarios, Dr. Sudha was asked about 

the future of cancer care and when molecular tests would 

become a standard of care in cancer treatment and 

management. Dr. Sudha feels that there are two Indias, 

where one section can go on par with whatever is 

happening abroad by getting the molecular testing like NGS, 

etc. and also the medicines, and it is exciting depending on 

the accessibility and is already relevant in this age as it is 

available in a few hospitals. Few patients have the resources 

to get them done, so we do not need to wait 30 years for it 

to become relevant. 

Coming to other parts of India is a different story, but it will 

happen soon when the prices will be affordable for most of 

the patients. About the question on if it is really an effective 

medicine in today’s world of oncology, Dr. Sudha feels that 

since targeted therapies and testing are used mostly for 

palliative therapies, they would be more useful if they could 

be used at earlier stages of cancer as well.

Most Common Cancer in Hyderabad

We are Living in Two Indias

Relevance of Molecular tests and
Palliative Therapy 

Dr. Sudha, who worked in the US and also contributed to 

non-profit hospitals and was active in research, was the next 

speaker on the panel. She speaks about the rise in molecular 

testing and Next-Generation Sequencing (NGS) for the 

detection of cancer and mainly solid tumors, but there is an 

argument contrary to that about them being expensive and 

not affordable to a large percentage of people.  
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To add on to Dr. Sudha and Dr. Vamshi’s points, Dr. Kalyan 

is hopeful that the cost of sequencing is going to come 

down drastically because the patent of Illumina is expiring, 

so there will be a lot of companies coming in with their 

sequencing machines and most of the reagents. We'll know 

more once the prices drop and this becomes the standard. 

What works for Caucasians may not be the only standard of 

care, so we need to have our own data.

The next question was directed at Dr. Saadvik Raghuram 

about a promise about a trial where it cured 100 percent of 

colon cancers, the promise of immunotherapies, and his 

experience in this regard. Dr. Saadvik mentions that initially, 

when it started in India, most of the time it was not used in 

the first line setting but more in the later line setting. The 

results were also disappointing, and the high costs led to a 

debate about whether they were literally worth it, but then 

it all depended on where you wanted to incorporate 

immunotherapy into your treatment schedule. It will be 

better if you start in the earlier stages of cancer, combining 

it with chemotherapy and appropriate methods of testing.

Though there is really good data going forward for 

immunotherapy, genomics will also play a huge part in it 

because you need to integrate both, not only one modality 

of testing, but going forward we'll be getting more data 

about the genomic aspects of this as well. As Dr. Sudha 

mentioned, immunotherapy is very expensive in India, with 

the most basic one costing around Rs. 1 lakh per month on 

average and rising to around Rs. 3-5 lakhs depending on the 

molecule used. So, she was hopeful, we'll get generic 

versions, and they'll be available to an increasing number of 

Indians once the patents expire.

Dr. Kalyan mentions another technology that is really 

moving forward in terms of diagnostic help and a tool that is 

even easier for the patient to use: liquid biopsy. It entails 

testing and reporting on circulating ctDNA, which is done 

through sequencing, which is also an expensive test. As a 

result, Dr. Shrikar was asked what he thought about his 

clinical experience with liquid biopsies. 

Dr. Shrikar mentions that it should be taken contextually. If 

you are looking at metastatic lung cancer in the first-line 

setting, there is broad approval that liquid biopsy, which is 

the plasma-first approach, is an accepted way of testing for 

your actionable genomic biomarkers. If the plasma-first 

approach fails to find a targeted biomarker, then you do a 

reflex tissue test because that allows you to do PD-L1 IHC. 

At the same time, if it's in the second-line setting, the 

advantage of a tissue biopsy is that it is the only way you 

can pick up a histological transformation, something that a 

liquid biopsy cannot do.

If the patient can afford it, a liquid biopsy is definitely 

preferable, and we will decide on further testing based on 

the results. Looking at colon, the first phase 3 dynamic trial 

published recently in the New England Journal specifically 

looked at cell-free DNA testing in an adjuvant setting for 

stage 2 colon. T3, T4, and node-negative colons were 

tested post-surgery and then randomly assigned to 

adjuvant chemotherapy based on the cell-free DNA versus 

standard management based on the clinical low-risk and 

high-risk criteria. The trial demonstrated that by using liquid 

biopsy, it is possible to reduce chemotherapy rates by half, 

from 30% to 15%. But there were several flaws in that study; 

the methodological design is criticized, and even those 

patients who were ctDNA negative were clinically at high 

risk, and around 15 percent of them recurred at three years.

As of now, we know that immunohistochemistry (IHC) is one 

method where we test to know whether a therapy works or 

does not work for a particular patient, which is an area of 

unmet need because that is not the sole modality. Despite 

the fact that many patients test positive for IHC, many do 

not respond, which brings us back to genomics, where T 

cells respond better to immunotherapy in tumors with 

genomic mutations such as ATMRB1, etc., and where the 

tumor environment is more inflammatory with a high 

concentration of NK cells. Certain kinds of mutations, even 

when IHC scores are pretty positive, don't respond to 

immunotherapy.

Cost of Sequencing to Come Down
in the Future

The Promise of Immunotherapies

Liquid Biopsy – A Diagnostic Tool
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Hence, it is a little too early as far as adjuvant therapy 

decision-making in the colon is concerned. However, for 

lung cancer, liquid biopsy is the current standard, both in the 

first line, where it was first shown to be promising, and in the 

second line, which distinguishes those who have progressed 

on the EGFR first generation innovators and where 

attempting to detect the T790M mutation is the current 

standard.  

Dr. Kalyan wanted everyone to discuss two points when he 

spoke about how oncology practise has changed from 

single-line testing, such as performing a biopsy and sending 

it for pathology, to now requiring multiple tests in addition to 

multiple markers: if they anticipate that each and every 

cancer will become a specialty unto itself, and the second 

part being what skills in terms of human skill are needed in 

handling these in situ hybridizations, which are highly 

technician dependent. How much more complicated will it 

become as we move forward?

Dr. Chinnababu feels the same way, because "you know, 

even as we talk about breast cancer survival rates, we talk 

about 10-year survival rates, so in that way, you know the 

ovary has become a chronic disease." Dr. Chinnababu also 

sees tremendous progress even in the surgical sphere, 

because now we have robotic surgery taking up a significant 

part of oncology practice, and in the days to come, you will 

also have nanorobots and other amazing technologies 

shaping the way we practice. It is also exciting because of 

electronic health records and the digitization of digital 

healthcare, as well as the tremendous potential for 

real-world evidence for the outcomes that we have, 

particularly when discussing targeted therapies. 

Dr. Chinnababu feels the same way, because "you know, 

even as we talk about breast cancer survival rates, we talk 

about 10-year survival rates, so in that way, you know the 

ovary has become a chronic disease." Dr. Chinnababu also 

sees tremendous progress even in the surgical sphere, 

because now we have robotic surgery taking up a significant 

part of oncology practice, and in the days to come, you will 

also have nanorobots and other amazing technologies 

shaping the way we practice. It is also exciting because of 

electronic health records and the digitization of healthcare, 

as well as the tremendous potential for real-world evidence 

for the outcomes that we have, particularly when discussing 

targeted therapies. 

Dr. Sudha feels that the futuristic version that everybody 

gets excited about, where you have some kind of chip 

technology to know the exact drug response to a specific 

mutation at one go, which won't happen that soon. 

Although it's a really exciting time to be in oncology, we 

have barely scratched the surface and gotten most of the 

low-hanging fruits. We've got most of them, like the 

mutation, targeted therapy, response rate, and the drug 

that goes with it.

Then come the more complicated ones, which are regular 

cancer patients, because the human body and cancer are 

much more complex than that, but hopefully we will reach a 

place where cancer will at least becomes a chronic disease, 

something that you will be able to live with like we are living 

with cardiovascular disease at least after 20 years. Dr. 

Sudha tries telling that to her ovarian cancer patients, but it 

is still not that way. She also feels that maybe with the 

technology that we have, you are able to achieve chronic 

disease for cancer, which would be a very big victory. 

Living with Cancer as a Chronic Illness

Future Complexities of Oncology Testing
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There's simply no way any person can be abreast of all the 

knowledge. We need to interact with people; we cannot sit 

alone in a clinic and treat anymore. We need to consult with 

the pathologist, molecular oncologist, pharmacist, and 

others. We have to get patients into clinical trials, get 

patients into drugs that will help them live longer, and have 

that conversation with the patient. It's important to focus on 

the cost as well as the benefit, and if we are genuine with 

patients, a lot of them are benefiting in both ways. You do 

not want them to undergo unnecessary treatment and spoil 

their quality of life, but at the same time, you want to give 

them the best and overall longest life possible. Dr. Saadvik 

also agrees that learning is a never-ending process, and in 

oncology, it's a daily process. He also agrees that research 

has picked up in the last five years, but now the pace is such 

that every month something new comes up, and that is 

changing the standard. Today, you tell your patient that this 

is their plan for the next year or two, and six months later, 

you may have to counsel them again, explaining that the 

plan has been changed due to a change in the standard. It 

may look complex as of now because a lot of data is being 

pumped in and a lot of things are coming up, but in five to 

ten years it should get more simplified because of better 

understanding with more research and better drugs 

available.

Dr. Shrikar thinks the phrase to use is "cautious optimism." 

He absolutely agrees with Dr. Sudha that the low-hanging 

fruits have already been obtained, we are not going to get 

another Imatinib for CML or another Dasatinib for EGFR 

mutant lung cancer anytime soon, and driver mutations that 

you target and get excellent responses have already been 

obtained. At the same time, when we hear of things like 

tumour agnostic approvals and blanket approvals based on 

small studies and single-arm studies based only on 

response rates—that is, the drug only shrinks the tumour but 

actually does not make an impact on the patient's 

lifespan—we should pause, reflect, and see the reason for 

approval and whether it's actually relevant to our 

day-to-day practise and whether the patients actually 

benefit from such blanket approvals or not.
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For example, a blanket approval was given for high tumor 

mutation burden across all cancers, but that was based on a 

single-arm study with a response rate of 30, which means 

that 70 patients do not even respond to the drug despite it 

being given. Recently, a phase III trial that tried to show an 

improvement in progression-free survival (PFS) in a 

randomised way based on tumor mutation burden failed to 

show an improvement in PFS, so that is where these thin 

lines come in. These were the thoughts of the young 

physician who has started his journey into the world of 

oncology.

Dr. Shrikar also feels that the pace of these drug 

developments and approvals is not keeping up with the 

developments in translational medicine and genomic 

sequencing, so there are a lot of imbalances between these 

two, and it's up to physicians to act as stewards and shift 

through this huge volume of data that is coming our way 

and apply it for the best interests of patients.

Dr. Kalyan believes it was very well articulated and asks if  

the audience has any questions for the panel.



The first question from the audience concerned BRCA1 and 

BRCA2, as there are two schools of thought and people in 

the medical fraternity consider one as a screening and the 

other as a review, where when treatment is started, BRCA1 

and BRCA2 are considered to see the prognosis. Is this 

panel recommending that as a screening? or primarily for 

review?

The person also thanked Dr. Sudha for mentioning that 

cancer should go to the extent of at least becoming treated 

like a chronic disease. He thinks the day is not so far, and 

talking about just pressing it and getting an elicited 

response with even treatment, he also thinks that the day is 

not so far because very recently he was involved in one 

project with Arogya AI, a company that is doing artificial 

intelligence on tuberculosis, which can become an extension 

for cancer and elicit one such response.

The last question from the audience was about if there were 

any patient support programs for testing from the 

companies performing the test that could be done even in 

the government sector for free or highly subsidized prices. 

Dr. Sudha answers and says that these patient tests that are 

done by the companies that sell the drugs and are like deals 

in the mall; sometimes they may be available, sometimes 

not. Right now, there is one company that does BRCA1 and 

BRCA2 mutations for free, which was not the case three 

months ago, when there was one company that did BRCA1 

and BRCA2 for eight thousand five hundred rupees, so it 

appears that the dynamic is shifting. As an oncologist, she 

uses it for two things 90% of the time when such offers are 

present. She is using it for patients who, even if the test is 

positive, will not use the drug. But we want that information 

for the patient, and the company, in her opinion, is 

accounting for that whenever they are doing it, and if a 

patient cannot afford the test, it can give an estimation of 

whether or not they can afford the drug. Sometimes there 

are generic variants available, so the international and brand 

companies give the test at a lower cost, so the generic can 

be done after the branded test.

Dr. Vamshi answers, saying he doesn't think there's a 

straight answer to that and that it's individualized. When 

looking at a normal person who is not a patient, there are 

clear guidelines on when you would do a BRCA1 or BRCA2 

test because we only advise it to people who have a family 

history and are at risk, and we do not advise a person who 

does not have a family history to get this test done. In the 

case of a patient with cancer, there are two implications: 

first, to look at the genetic cause; and second, there are 

certain drugs that have been developed that will be 

effective if there's a BRCA1 or BRCA2 mutation, and that's 

when the test is advised. Dr. Vamshi also feels this is an 

evolving field, and the answer is not an absolute yes or no; 

it depends on each patient and how you test for them.

Dr. Kalyan says that at the genomic level, it is always very 

difficult to interpret BRCA1 and BRCA2 because the whole 

reported mutations for BRCA1 and BRCA2 alone are almost 

20,000, and out of them, how many mutations will a 

commercial company test? They may number in tens of 

thousands because they are known to be pathogenic, which 

means that with our current knowledge and testing, we can 

only conclude that there are no pathogenic mutations. 

Whether it is useful for the patient or not is inconclusive 

except for cancer patients because the testing is more 

in-depth and we get to know about copy number variations 

(CNVs) as well, but testing the sample for somatic mutations 

is completely different from testing it for germline 

mutations. Dr. Chinnababu also adds one comment, saying 

that testing for BRCA1 or BRCA2 for routine screening of 

breast cancer is not at all recommended anywhere for sure 

and that it's only for high-risk people with familial history.

Q & A session
BRCA1 and BRCA2 Screening & Prognosis

Patient Support Programs for Testing
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ROLE OF PERSONALIZED MEDICINE IN 
BETTER TREATMENT OUTOCME

A very riveting engagement with doctors at ATGC Life Knowledge Meet, held on 26 November, 2022 at Noida.

The discussion revolved around how personalized medicine aims to streamline clinical decision-making by using biological 

information available through a genetic test or biomarker, and then saying, "based on this profile, I think you're more likely to 

respond to Drug A or Drug B, or less likely to have an adverse reaction with Drug C.” The idea is to get patients on the right 

medication and treatment and to get them on it sooner. This could include decisions about who should get certain kinds of 

therapies or specific doses of a given therapy, or who should be monitored more carefully because they're predisposed to a 

particular disease or condition.

More engagements to come, ensuring the delivery and adaptation of the message about the role of Personalized Medicine in 

better treatment outcome.
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