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Diabetes Epidemiology
United States

		YEAR		% of POPULATION

		2002		6.3%

		2007		7.8%

		2011		8.3%







1.9 Million Newly Diagnosed in 2011







Age-Adjusted Prevalence of Obesity and Diagnosed Diabetes Among U.S. Adults Aged 18 Years or older 

Obesity (BMI ≥30 kg/m2)

Diabetes
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      No Data         <14.0%         14.0-17.9%         18.0-21.9%          22.0-25.9%           >26.0%















      No Data          <4.5%           4.5-5.9%             6.0-7.4%             7.5-8.9%               >9.0%















CDC’s Division of Diabetes Translation. National Diabetes Surveillance System available at http://www.cdc.gov/diabetes/statistics
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Prevalence of Self-Reported Obesity Among U.S. Adults
BRFSS, 2011

















































































































































                 15-20%              20%–<25%             25%–<30%         30%–<35%              ≥35% 
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Pre-Diabetes



33 % of adults in the US have pre diabetes



Factors

Gene Pool

Weight

Activity

Food Choices







Economic Costs of Diabetes

2007

$174 Billion

116 B direct costs

58 B lost productivity



2012

$245 Billion

$176 Billion direct costs

$69 Billion lost productivity

				ADA: Diabetes Care, 2013 (36) 1033-1046





Newer Pharmacologic Agents

DPP4 Inhibitors (Dipeptidyl Peptidase Inhibitors)

Sitagliptin (Januvia) and Janumet (Metformin)

Saxagliptin (Onglyza)

Linagliptin (Tradjenta)

GLP1 receptor agonists (Glucagon Like Peptide)

Exenetide

Liraglutide

SGLT 2 inhibitors

Canaglofloxin









Incretin Effect

Gut hormones made in response to food

Measured by C peptide release



Predominantly GLP1



Metabolized by Dipeptidyl Peptidase 4 (DDP4)





Incretin Effect







DPP4 Inhibitors

DPP4 enzyme breaks down GLP1

Reduce A1c by ~ .8%

Ineffective against GLP1 receptor agonists

Weight neutral

Combined with Metformin

Place in therapy?







DPP4 Inhibitors

Low risk of hypoglycemia



Not indicated in Type I DM







Januvia (Sitagliptin)

Dosing: 100 mg daily

Cr Cl between 30 and 50

No dosage adjustment

Cr Cl < 30

50 mg daily

Category B

AE: URI, nasopharyngitis



































Onglyza (Saxagliptin)

Dosing:  5 mg Daily

Cr Cl < 50

2.5 mg

Strong CYP450 (Increased saxagliptin levels)

2.5 mg recommended

Category B

AE:  Peripheral edema with TZD, URI

Monitor total lymphocyte count











Tradjenta (Linagliptin)

Dosing:  5 mg Daily

No adjustment for renal dysfunction

Category B

Avoid in patients with hx pancreatitis

AE: Pancreatitis, URI











Incretin Mimetics (GLP1)

Reduce A1c by ~ .8 to 1.6 %

Injectable:  BID, Daily or Weekly

Synthetic

Longer half-life than natural hormones

Immune to metabolism by DPP4 

Weight neutral or weight loss

Hypoglycemia with secretagogues





Exenetide 
(Byetta and Bydureon)

Dosing

Byetta: 5 mcg bid x one month

May increase to 10 mcg

Timed before meals

Must have CHOs

Bydureon :  2 mg once weekly, independent of meals





Byetta and Lantus







Bydureon Data







Bydureon vs Byetta







Exenetide

Contraindications

Thyroid tumors or FMH of thyroid tumors

Pancreatitis

Severe renal disease (Cr Cl < 30 mg/min)

Category C

AE: Nausea, diarrhea, dyspepsia





Victoza (Liraglutide)

Dosing:  0.6 mg Daily x 7 days

Increase to 1.2 mg, and 1.8 mg if glucose not well controlled

Dosing independent of meals

No adjustment for renal dysfunction

Category C





Liraglutide

Contraindications:

Thyroid Cell Tumors or FMH

Pancreatitis



AE: Headache, Nausea, ARF due to dehydration 





















SGLT2 Inhibitors

Sodium-Glucose Co-Transporter 2

Inhibit glucose reabsorption in the kidney

Dapagliflozin (Forxiga)not approved in 2012, resubmitted in 2013 with more safety data

		FDA approved 2 weeks ago

		Increased bladder and breast ca rates

Canagliflozin FDA Approved in 2013

Phase III trials of additional compounds





Renal Glucose Filtration















32















Invokana (Canagliflozin)

Dosing:  100 mg daily before first meal 

Can be increased to 300 mg

Evaluate renal status

eGFR 45-60 mL/min  maintain at 100 mg dose

Evaluate hydration status

Pregnancy category C  Impacts renal development in utero and ? later







Invokana (Canagliflozin)

Contraindications

eGFR , 45 mL/min

AE: Genital fungal infections, UTIs, Dehydration, Hypoglycemia

Interactions: 

Diuretics, Digoxin

UGT inducers : Dilantin, Rifampin, Barbiturates, Ritonavir, St John’s Wart, Nicotine 







Inzucchi et al, Diabetes Care 2012, (35)  1364-79





Insulin Resistance







Insulin Resistance



Exercise is crucial to decrease insulin resistance





Direction







General Recommendations 

Physical Activity



Decrease Portion sizes



Limit CHO content to 50% 



Check BG before and 2 hrs PP





Take the Stairs

http://www.youtube.com/watch?v=2lXh2n0aPyw







Winter is Relative
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Infections in the Immunocompromised Host

Joseph A. DeSimone, Jr. MD
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Case 

55 year-old white male

Admitted 14 days ago for chemotherapy for new lung cancer

PICC placed hospital day 2

Completed chemotherapy 5 days ago

RN calls to state patient has temperature 102.3

Pt feels chills/feverish; no other symptoms; allergic to Cipro













Case

102.3; HR 110; RR 20; BP 130/80

WBC = 0.8, N=50%

No prior fever

No cultures to date

Not on antibiotics since admission

Examination unremarkable; PICC LUE ok; no Foley; no rash







How would you manage this patient?


This patient should receive empiric antibiotics now

This patient should receive antibiotics only if cultures demonstrate an infection

This patient should receive antibiotics only if focal signs or symptoms of infection develop

This patient should not receive antibiotics due to Cipro allergy

This patient should not receive antibiotics until evaluated by an Infectious Diseases expert

0%


0%


0%


0%

0%









Case 1







What percentage of cancer patients with neutropenia have documented infection with febrile episodes

5-10%

20-30%

50%

80-90%

100%

0%

0%

0%

0%

0%









This patient is at greatest risk for which of the following types of infections?


Invasive fungal infection (Candida, Aspergillus, etc)

Disseminated viral infection (HSV, VZV, etc)

Bacterial infection (E.coli, S. aureus, etc)

Mycobacterial infection (Tuberculosis, MAI, etc)

Parasitic infection (Toxoplasmosis, Giardia, etc)

0%


0%


0%

0%


0%









Which of the following two factors best predict development of a severe infection in this patient?


Duration of fever and presence of a PICC line

Duration of neutropenia and presence of a PICC line

Duration of neutropenia and degree of neutropenia

Degree of neutropenia and history of hospitalization

Degree of neutropenia and history of prior infection

0%


0%


0%


0%

0%









If this patient is bacteremic, which of the following is more common?

Bacteremia with a gram-positive organism (Staphylococci, Streptococci, Enterococci, etc)

Bacteremia with a gram-negative organism (E.coli, Klebsiella sp., Pseudomonas sp., etc)

0%



0%







Which of the following gram-negative antibiotics would you recommend?

Ceftriaxone

Ampicillin-sulbactam

Trimethoprim-sulfamethoxazole

Meropenem

Moxifloxacin

0%

0%

0%

0%

0%







If this patient has a severe penicillin allergy (anaphylaxis), which gram-negative antibiotic would you recommend?

Moxifloxacin

Ciprofloxacin

Aztreonam

Ceftazidime

Tigecycline

0%

0%

0%

0%

0%









Febrile Neutropenia







In addition to a gram-negative antibiotic, should vancomycin also be administered to this patient

Yes

No

0%

0%









Febrile Neutropenia







Case 

The patient is started on ceftazidime

Next day: blood and urine cxs neg; CXR no infection

RN calls again 24 hours after initiation of ceftazidime – patient is still febrile, temp 103.1

Patient still without specific complaints; other vital signs unchanged; exam unchanged





What would you do now?

Change ceftazidime to meropenem

Add vancomycin

Continue ceftazidime

Add linezolid

Change ceftazidime to meropenem and add linezolid

0%

0%

0%

0%

0%









Febrile Neutropenia









Case 

6 days after starting empiric ceftazidime, fever persists

All cultures remain negative

Repeat CXR negative

Patient without focal complaints

Exam unchanged/unremarkable

RN calls with fever 102.5





What would you do now?

Add vancomycin

Add fluconazole

Add linezolid

Add daptomycin

Add acyclovir

0%

0%

0%

0%

0%









Febrile Neutropenia







If fever persists, the PICC should be empirically removed?

Yes

No

0%

0%









Febrile Neutropenia

A medical emergency

Infection identified in only 20-30% of patients

DVT, PE, medications, blood products, tumor/chemo

Thoroughly examine every patient (skin, lines, feet, spine, mouth)

Empiric B-lactam anti-pseudomonal 

Piperacillin, ceftazidime, cefepime, aztreonam, imipenem/meropenem

Vanco usually not needed and not recommended

Don’t change antibiotics unless clinically worsens (antibiotics are not antipyretics)

Add antifungal day 5-7 if fever persists
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INTRODUCTION

“Variability is the law of life, and as no two faces are alike, and no two individuals react alike and behave alike under abnormal conditions which we know as disease…”

“If it were not for the great variability among individuals, medicine might as well be a science and not an art”

                                  

Sir William Osler, Physician (1849-1919)

Father of Modern Medicine





William Osler was a Canadian, one of the founding physicians of John Hopkins Hospital. He was known for a number of  memorable  quotes. The first quote acknowledges the role of inter-variability in practicing medicine that has been recognized for a long time.

The second reflects state of medicine in 19th century that it has been argued has not much changed over the years, with the medicine being more of an art than a science.

However, that for the first time we are on the verge of identifying those differences between individuals. We are now witnessing a major change in practicing medicine that incorporates genetic contributions to disease and its treatment. 
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DEFINING PERSONALIZED MEDICINE

▪“The use of new methods of molecular analysis to better manage a patient’s disease or predisposition to disease”.

-Personalized Medicine Coalition



▪“The tailoring of medical treatment to the individual characteristics of each patient”

-President’s Council of Advisors on Science and Technology



▪“Health care that is informed by each person’s unique clinical, genetic and environmental information”

-American Medical Association





The range and scope of the term personalized medicine varies widely, ranging from extremely broad to very narrow. Here are some of the selected examples of definitions
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PERSONALIZED MEDICINE

CURRENT PRACTICE

PERSONALIZED MEDICINE





The right treatment to right person 

at right dose and  right time

One size fits all

Trial and Error Approach





To  put it in simple terms personalized medicine means to deliver the right drug to right person at right dose and right time. This is in opposition to current practice of one-size-fits-all model of practice, trial and error approach.
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CURRENT PARADIGM



Adapted from Personal Medicine Coalition (PMC)





This is what’s called a Reactive Medicine, a provider reacts to the diagnosis made from the symptoms and then symptoms are treated

Old paradigm of disease treatment. Based on this diagnosis clinicians provide prescriptions for the drugs, selection of which depends on a combination of provider’s personal experience and current guidelines, patients either improve or don’t get good results. Think about treatment of hypertension as a good example. When drug proves ineffective, patient comes back for re-evaluation to get a drug switched to another product. This process can continue for a while until an effective agent is selected. 

The obvious drawback is obviously this is an obviously very cost-inefficient process and possible missing the optimal treatment opportunity. Very costly, trial-and-error approach
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PERSONALIZED MEDICINE PARADIGM



Adapted from Personal Medicine Coalition (PMC)





Here is the new paradigm when personalized care methodology is introduced into the diagnosis and medical care process. It takes into consideration patient’s predisposition to disease utilizing molecular screening to arrive at diagnosis at much earlier stage and provides the patient with customized treatment,  avoiding unnecessary process of switching ineffective drugs.

More efficient, rapid and less costly 
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FUTURE PARADIGM



Adapted from Personal Medicine Coalition (PMC)





And then the future of healthcare as envisioned by personalized medicine proponents, where predisposition screening guides prevention, Healthcare elevated to the next level. This paradigm involves the idea that preventive measures can be taken if predisposition screening is conducted and likelihood of developing disease process can be detected before disease actually forms.
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EFFICACY OF SELECTED DRUG CLASSES

		DISEASE		DRUG CLASS		EFFICACY

		Asthma		Beta-agonists		40-70%

		Hypertension		ACEI		10-30%

		Solid cancers		Various		30%

		Depression		SSRIs, TCAs		20-50%

		Diabetes		Various		50%

		Arthritis		NSAIDs, COX2		40-70%

		Schizophrenia		Various		25-75%



Spear BB et al, Trends in Molec Medicine 2001;7:201-4





So why all this interest in personal medicine? Because it’s rare for a drug to be effective for everyone because of the variability among individuals,. Based on the published data, it’s been shown that efficacy rate for commonly used medications varies from 10% to 70%. That in turn has an effect on quality and cost healthcare.
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ADVERSE DRUG REACTIONS

Over 2 million serious ADRs yearly

100,000 deaths yearly

ADRs 4th leading cause of death ahead of pulmonary disease, diabetes, AIDS, pneumonia

Nursing home patients ADR rate-350,000 yearly





Institute of Medicine, National Academy Press 2000

Lazarou J et al, JAMA 1998;279(15):1200-1205

Gurwitz, JH et al. Am J Med 2000;109(2):87-94









The published  data on the ADRs also shows that it’s rare for a drug to be safe in everyone because of the inherent variability among people.
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FACTORS AFFECTING DRUG RESPONSE



Adapted from Qiang M et al. Pharmacol Rev 63:437-459, 2011 





Now that we can see that drugs don’t show benefit to everybody and in some instances when the drug works it can cause serious side effects or even death. that is efficacious in many patients often fails in others. Although the variability t has been known to exist between individual patients since the beginning of human medicine, it has been difficult to understand the origins of such variations. 

And indeed, the factors contributing to variations in drug response are complex and multifold, with genetic variation in humans playing a very important role. Other factors are environmental: concomitant drugs, diet, smoking and physiological factors: age, gender, race/ethnicity, weight, , pregnancy, concomitant diseases
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HISTORICAL PERSPECTIVE

■ 1865- Gregor Mendel proposed basic laws of heredity

■ 1910-Thomas Morgan revealed existence of the sex chromosomes and confirmed that genes reside on chromosomes

■ 1944-Oswald Avery, Colin McLeod and Maclyn McCarthy discovered that DNA was a hereditary material

■ 1953-Francis Crick and James Watson discovered double helix DNA

■ 1993-2003 human genome mapping





2/experiments with fruit fly (Drosophila)

Just to put it in perspective…

It took nearly 100 years from the time Gregor Mendel uncovered basic laws of heredity based on observations from breeding pea plants to the breakthrough discovery by Watson and Crick, and then on the 50th anniversary of their discovery the mapping of human genome was completed





Human Genome project completed in April 2003 in 50th anniversary of the discovery of Watson and Crick
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HUMAN GENOME PROJECT

Determine the sequence of the 3 billion nucleotide base pairs that make up human DNA

Characterize variability in the human genome

Identify all the genes in human DNA



The Era of Genomic Medicine

-improve prediction of drug efficacy or toxicity

-improve diagnosis of disease

-earlier detection of genetic predisposition to disease



http://www.genome.gov





Personalized medicine concept is based on utilizing the tools provided by the findings of Human Genome Project, The field of genomics and pharmacogenomics, the crux of personalized medicine paradigm, have developed largely  from the knowledge of Human Genome Project completed in 2003

The new era of Genomic Medicine has been heralded to help to identify markers for drug efficacy and predict toxicity, improve diagnosis of disease and allow for early detectionof genetic predisposition to disease, coinciding with the goals of Personalized Medicine
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GENETICS OR GENOMICS?



Pharmacogenetics: Study of individual gene-drug interactions, usually one or two genes that have dominant effect on a drug response (SIMPLE relationship)

Pharmacogenomics (PGx): study of the genomic influence on drug response, often using high-throughput data (sequencing, SNP chip, expression proteomics-COMPLEX interactions



  http://www.pharmgkb.org





What is the difference? Genetics: study of single genes and their effects, Genomics: a term coined about 25 years is the study not just of single genes but of the functions and interactions of all genes in the genome. It has a much broader and more ambitious reach.

However, the two terms do have been used interchangeably



Pharmacology + Genomics =Pharmacogenomics

Pharmacogenomics (PGx) study of how genetic variability influences physiological responses to drugs from absorption to metabolism to pharmacologic action and therapeutic effect



Genetics has been associated with study of individual genes and their role in inheritance; Helped identify genes involved in  rare genetic disorders e.g., cystic fibrosis, helped diagnose and screen some of those disorders, e.g. Down Syndrome

Traditionally, genetics care supplied by medical geneticists and counselors
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PHARMACOGENOMICS















Adapted from Roden DM et al, Ann Inter Med 2006;145:749-57





The terms are often used interchangeably

Pharmacogenetics focuses on variation of drug response produced by single-gene (monogenic) effects. For most pharmacologic agents, however, the response is determined by the interaction of several genes or gene networks encoding proteins. 

Both of the disciplines are intertwined with nomenclature often interchangeable, with pharmacogenomics representing both sciences.
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PHARMACOGENOMICS POTENTIAL







Identifying the patients who are responders ->you would treat those patients with conventional dose of drug, and those who are non-responders for whom you’d find the alternative drug or dose, patients for whom drug is effective vs ineffective, safe vs. toxic



Patients for whom drug is toxic but beneficial would receive decreased dose of a drug, those for whom it is not beneficial, would receive alternative therapy, and those for whom drug is beneficial and not toxic would receive the usual dose of prescribed medication
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BASIC PRINCIPLES OF GENETICS

DNA-hereditary material in humans

Gene-Basic and Functional Unit of Heredity made up from DNA

Genome-complete  set of DNA, including all genes

Human genome consist of about 3 billion DNA base pairs that code for 20,000-25,000 genes

DNA sequence of all human beings in 99.9% identical

Our DNA differ by 0.1% (translates into 3 million inter-individual variations)





DNA, or deoxyribonucleic acid, is the hereditary material in humans and almost all other organisms. Nearly every cell in a person’s body has the same DNA. Most DNA is located in the cell nucleus (where it is called nuclear DNA), but a small amount of DNA can also be found in the mitochondria (where it is called mitochondrial DNA or mtDNA). The information in DNA is stored as a code made up of four chemical bases: adenine (A), guanine (G), cytosine (C), and thymine (T). The order of the bases called sequence determines the meaning of genetic message. A gene is a specific stretch of bases that provides instructions for making a  particular product. Such a piece of hormone or enzyme. Humans have 20K-25K of genes spaced across the whole DNA that is packed into 23 pairs of chromosomes. There are many DNA sequences in-between genes that don’t encode specific products. Some modify the way genes are expressed, others have unknown function.



The Human Genome project that completed in 2003 made it clear that 99.9% of the information in estimated 20K human genes is identical from one person to the next. The small differences in the remaining 0.1% of genes present in human cells are KEY to each individual
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BASIC PRINCIPLES OF GENETICS



www.ghr.nlm.nih.gov





Each gene occupies a particular space on a chromosome called locus. Most individuals carry two alleles (alternative sequence of the same gene), one inherited from each parent.

Genes are packaged in bundles called chromosomes->Human genome consists of 23 pairs of chromosomes, one pair from each parent:46 chromosomes in each cell
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DNA IS INFORMATION

DNA					ENGLISH

A,T,G,C				Abcdef…xyz

Codon					Word

Gene					Sentence

Chromosome				Chapter

Genome				Book





I really like this comparison, it neatly puts things together, Codon: a triplet sequence of DNA or RNA that specifies a single amino acid
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GENE STRUCTURE AND
EXPRESSION









Within individual gene specific regions control gene expression or encode proteins (exons), the noncoding regions are called introns. The sequence arrangement of nucleotide bases within coding region determines the amino acid sequence of the encoded protein. Expression is achieved in 2-step process during which the sequence is transcribed into mRNA and then translated into protein. Nucleotide triplets called codons specify a particular amino acid and are used to translate an encoded information into the functional protein.
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THE FOUNDATION OF PHARMACOGENOMICS:GENETIC VARIATION BETWEEN PEOPLE




Mutation-difference in DNA code that occurs in less than 1% of population

	 -often associated with rare diseases, 	e.g., 	Huntington’s disease, cystic fibrosis, sickle cell 	anemia



Polymorphism: difference in the DNA code that occurs in more than 1% of the population

	-common and contribute to common diseases 	and influence our response to medications





Rememebr we talked about human DNA sequence being different between human beings by 0.1%?  The word mutation is generally reserved for changes in DNA that are believed or known to be pathologic (e.g mutation in the gene that causes cystic fibrosis)

Small changes to DNA are called variations and that’s what makes us unique. Majority of these changes don’t alter gene message and are called polymorphisms. These variations can be inherited or occur spontaneously.

20



SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs)
A key to Human Variability




Pronounced “snip”

Most common variation

Single base pair difference in the human genome

One SNP occur once every 300 base pairs->about 10 million SNPs

May result on a change of protein function or quantity

Majority have no apparent effect on gene function



 





SNPs are the  common type of genetic variation Each SNP represents a single DNA building block called nucleotide. For examples SNP can replace nucleotide cytosine (C) with thymine (T) in a certain stretch of DNA. 

You can think of SNPs as “spelling changes” in A-C-T-G pattern of chemical letters. These differences influence why certain people respond poorly to a particular medication.

Mostly these variations are found in the DNA between genes. They can be used as biological markers, helping scientists to locate genes that are associated with the disease. When a SNP is located in the gene it may affect this gene function and therefore have a more direct impact on the disease state. It has been found that SNPs may help to predict the individual’s response to certain drugs, susceptibility to environmental toxins or risk of developing certain diseases.
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In patient #2, In translation base A in third position->gets changed to G with no difference in amino acid sequence and no change in protein function while in patient number 3, the base G gets changed to A resulting in a different amino acid and hence potentially nonfunctional protein.

DNA sequence variation at a single nucleotide that may alter the function of the encoded protein. Polymorphisms are common and contribute to common diseases and influence our response to medications
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HAPLOTYPE MAP


The nickname for International HapMap (haplotype map) 

Haplotype: a set of DNA variations or polymorphisms that tend to be inherited together, e.g., a set of SNPs on the same chromosome

International venture to map variations in  human DNA sequences

Goal is to identify and catalog genetic similarities and differences among people





         www.hapmap.ncbi.nlm.nih.gov





The knowledge of these variations in a variety of different ethnic groups is being gathered in a project called HapMAp; Data is currently being gathered from four populations of African, Asian, and European ancestry. Using the information, the researchers will be able to find genes that affect health, disease and individual responses to medications and environmental factors.
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PHARMACOGENOMICS



Adapted from Pirmohamed M et al. Trends in Pharm Sci 22;298-305





The study of pharmacogenomics can be arbitrarily divided into drug disposition and drug targets,

Sequence variations in drug-disposition genes can alter pharmacokinetic properties of the drug, while those in drug target genes can change the pharmacodynamics of the drug.  

The processes of ADME play an important role in determining drug response. If a genetic polymorphism alters the function of a protein involved on drug disposition, then concentrations of the parent drug or its active metabolites at the site of drug action may also be affected.

Pharmacodynamics Drugs exert their pharmacologic effects by modulating activities of enzymes or receptors. Thus, genetic polymorphisms that change the activity of the drug target may also alter the drug response.
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POLYMORPHIC  ENZYMES

Phase I

	Cytochrome P450 Enzymes

CYP 2D6

CYP 2C19

CYP 2C9

Phase II

	UDP-Glucoronosyl Transferase UDT 1A1

		-Irinotecan

	TPMT-Thiopurine S-Methyltransferase

		-Azathioprine, mercaptopurine

	













CYP 450 enzymes have some interesting properties that make it possible to predict drug interactions. 

First, some people have mutations to one or more nucleic acids in DNA sequence expressing particular CYP450 enzyme. As a result, they may be absent or have low or no metabolizing activity for drugs usually metabolized by this enzyme. If the mutation is relatively common>1% of population, then distribution of the trait is polymorphic (multiple forms). At least 3 CYP enzymes are polymorphic, as a result people expressing a polymorphism will metabolize drugs at a different rate than the rest of population.
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Shimada T et al. J Pharmacol Exp Ther 1994;270(1):414. 





CYP3A

CYP2D6

CYP2C

CYP1A2

CYP2E1





Relative Importance of
P450s in Drug Metabolism





CYP3A

CYP2C9/CYP2C19



CYP1A2

CYP2E1

?

CYP2D6

Relative Quantities 
of P450s in Liver

CYP450 Activity in the Liver
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The panel on the left shows some of the major isoforms of CYP450 and the size of the wedge reflects their relative roles in drug metabolism based upon the number of drugs that are known to be metabolized by that particular isozyme.  CYP3A=36% is responsible for the metabolism of the largest number of drugs followed by CYP2D6=19%



The panel on the right summarizes the relative quantity of specific P450 families found in the liver.1  The CYP3A family is present in the largest amounts.  CYP2D6 accounts for less than 2% of the total content of P450 in the liver, but, as shown on the left, is responsible for the metabolism of a large fraction of drugs.  A large amount of cytochrome P450 has not yet been characterized.



There is tremendous variability between individuals in terms of expression of cytochrome P450 isozymes.  For example, some people do not have active CYP2D6 at all, and it is very highly expressed in others.



Note:  CYP2C on the graph on the right refers to both CYP2C9=16% and CYP2C19=8%



1. Shimada T, Yamazaki H, Mimura M, Inui Y, Guengerich FP. Interindividual variations in human liver cytochrome P-450 enzymes involved in the oxidation of drugs, carcinogens and toxic chemicals: studies with liver microsomes of 30 Japanese and 30 Caucasians. J Pharmacol Exp Ther 1994 July;270(1):414-23. 



CYP 2D6 POLYMORPHISMS



Responsible for metabolism of 20-25% marketed drugs

Over 100 polymorphisms identified

Based on these polymorphisms, patients are phenotypically identified as

-ultra-rapid metabolizers (UM)

-extensive metabolizers (EM)

-poor metabolizers (PM)



Williams  JA et al, Drug Metab Dispos 2004

Krau DS et al, Nurs Clin N Am 2013
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METABOLIZER PHENOTYPE



Adapted from www.youcsript.com





The metabolizer phenotype describes the patient’s ability to metabolize certain drugs and is based on number and type of functional alleles that the patient carries. The metabolizer type can range from poor (patient with little or no functional activity of CYP enzyme) to ultra-rapid (patients with substantially increased activity of a selected CYP enzyme). The table summarizes the effects of CYP variation on the therapeutic efficacy, e.g. poor metabolizers are unable to efficiently metabolize certain drugs resulting in potentially toxic build-up of an active drug or the lack of conversion of a prodrug into an active metabolite. In contrast, in ultra-rapid metabolizers, an active drug is inactivated quickly, leading to sub-therapeutic response, while prodrug is quickly metabolized, leading to rapid onset of therapeutic effect.
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Codeine and CYP2D6

Codeine is a prodrug and requires the activation by CYP2D6 to be converted to morphine

Due to genetic polymorphism, 2-10% of the population cannot metabolize codeine and are resistant to the analgesic effects

Higher amounts of morphine are produced in UM patients leading to increased response to normal doses and possible toxicity





Clinical investigation of CYP2D6 has led to understanding of the reason that codeine fails to relieve pain in some patients.  Codeine is actually a pro-drug that is converted to morphine.  Codeine itself has only weak analgesic activity and often causes nausea and other adverse effects.  The absence of cytochrome P450 2D6 activity in 7 to 10% of many populations means that these individuals cannot metabolize codeine to form the active metabolite morphine.  Therefore, they get little, if any, pain relief from codeine.1  Unfortunately, they will experience codeine’s adverse effects, particularly if the dose is increased in the futile attempt to relieve pain.

The analgesic effects were shown to be markedly reduced in CYP450 2D6 poor metabolizers and conversely higher amounts of morphine were generated from codeine in UM patients, leading to an increased response to normal doses or in some cases, severe toxicity. Slow metabolizers of codeine are more likely to have respiratory side effects.

Patients who produce low levels of CYP2D6 in the liver require smaller doses of the drugs eliminated by this enzyme, while those who have a lot of it, will need larger doses to get the same effect.
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Codeine and CYP2D6

Pharmacogenetics of Fatal Morphine Poisoning in a Breastfed Neonate of a Codeine Using Mother

Gideon Koren, James Cairns, David Chitayat, Andrea Gaedigk, 

Steven J. Leeder



Motherisk Program, Hospital for Sick Children, Toronto (G. Koren, FRCPC); Ontario Coroner Office 

(J. Cairns MD); Prenatal Diagnosis Program, Mount Sinai Hospital, Toronto (D. Chitayat, FRCPC), 

Children’s Mercy Hospital, Kansas City (A. Gaedigk PhD, S. J. Leeder, PhD)



Koren G et al. Lancet 2006;368:704





Nursing mothers who are taking codeine and are ultra-rapid metabolizers could have high levels of morphine in their breast milk, increasing the risk of morphine overdose in their nursing infant. Although most nursing mothers can take codeine safely after childbirth, healthcare professionals should prescribe the lowest dose at shortest time and nursing mothers should be carefully monitored.



How would genetic testing help this patient and prescribing physician? Genotyping CYP26D6 gene would reveal a duplication of CYP2D6 genes placing her in ultra-rapid metabolizer category. Her provider knowing that in advance, would likely have prescribed a different analgesic that would have spared her infant.
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WARFARIN: A DANGEROUS DRUG 



One of the top four drugs associated with emergency room admissions among seniors



Implicated in 33% of admissions



Ranks #1 in total mentions of deaths due to drugs causing adverse events

Major bleeding rates estimated between 2% to 16% (versus 0.1% for most drugs)















Budnitz DS et al. N Engl J Med 2011;365:2002-12

Wysowski DK et al. Arch Intern Med 2007;167(13):1414-20.
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WARFARIN and CYP2C9

Most commonly prescribed anticoagulant in US and Europe

Narrow therapeutic index

Large inter-individual variability

CYP2C9 metabolizes >90% of active warfarin

CYP2C9 variant alleles are associated with increased sensitivity to warfarin







Doses can vary 10 fold between patients
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CYP2C9 VARIANT ALLELES

CYP2C9*2 and CYP2C9*3 are most common variants

Observed in 20-40% Caucasians, <10% Asians and African Americans

Associated with reduced CYP2C9 enzyme  activity

         -lower final doses of warfarin

         	-longer time to stabilization of INR

         	-increased risk of hemorrhage

Yin T, et al. Thromb Res 2007;120(1):1-10





Two common allozymes have only fraction of the level of enzymatic activity of the wild –type allozyme CYP2C9*1:12% for CYP2C9*2 and 5% for CYP2C9*3. More than a decade ago it was discovered that patients who often required lower final dose of warfarin based on INR values often carried one or two of these alleles and they were at increased risk of bleeding presumably because they metabolized the drug more slowly.

CYP2C9*2 variant reduces warfarin metabolism by 40-50%, while CYP2C9*3 reduces metabolism by 90%

Yin T et al,Thromb Res 2007,120(1):1-10, Sanderson S et al. Genet Med 2005 7(2):97-104
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AmpliChipCYP450:CYP2D6 and CYP2C19







Amplichip CYP450 manufactured by Roche (went on market in 2005), blood-based test, uses microarrays technology developed by Affymetrix  to determine genotype of patient in terms of two CYP enzymes: CYP2D6 and CYP2C19. Can be completed in several hours by a lab capable of genetic testing
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WARFARIN PHARMACODYNAMICS



Adapted from Gage BF at al, Thromb Haem 2004;91:87-94





Warfarin acts by inhibiting vitamin K epoxide reductase (VKOR). This limits the availability of reduced vitamin K and prevents formation of functionally mature vitamin K-dependent blood clotting factors. The VKORC1 (vit K epoxide reductase complex 1) gene encodes the VKOR enzyme. Variations in the VKORC1 gene result in reduced activity of the enzyme and subsequent synthesis of coagulation factors.

Warfarin acts by inhibiting Vitamin K Epoxide Reductase (VKOR)

VKOR helps to recycle vitamin K which is important in proper functioning of blood clotting factors

VKOR inhibition limits availability of reduced vitamin K and results in production of inactive clotting factors

Polymorphisms exist in the gene for VKOR (VKORC1)
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WARFARIN PHARMACOGENOMICS

About 50% of variability in warfarin doses can be explained by a combination of factors:

CYP2C9 SNPs

VKORC1 SNPs

Non-genetic factors (age, weight, concomitant drugs, concomitant disease states)
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WARFARIN PHARMACOGENOMICS

FDA revised labeling in January 2010  suggesting that CYP2C9 and VKORC1 be considered when prescribing warfarin

Genetic-based maintenance dosing chart included in package insert

Pharmacogenetic testing not formally recommended at this point

Dosing algorithms: www.warfarindosing.org





Kimmel SE et al, N Engl J Med 2013;369:2283-93

Verhoef TI et al N Engl J Med 2013;369:2304-12.

Pirmohamed M et al, N Engl J Med 2013;2294-303.











Cost of CYP2C9 and VKORC1 is anywhere from$200-400  and Medicare and insurance coverage decisions are made on a case-by-case basis.
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PHARMACOGENOMICS AND DRUG LABELING



Adapted from Kisor DF, www.pharmacytimes.com





Over 120 FDA-approved drugs contain pharmacogenomic information in labeling with only few that require testing (all are cancer and HIV drugs), the rest contain recommendations, e.g., warfarin or for information only
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PHARMACOGENOMICS  AND PHARMACEUTICAL INDUSTRY

Transtuzumab (Herceptin): breast cancer, target: Her2/neu

Cetuximab (Erbitux): colorectal cancer, target:EGFR

Erlotinib (Tarceva): lung cancer, target: EGFR

Maraviroc (Selezentry): treatment of HIV, target: R5HIV-1

Iloperidone (Fanapt): schizophrenia, target: FS63Ter







Development of targeted therapies. Maraviroc specifically targets R5HIV-1 recognized with a screening HIV tropism test (2007)

Vanda pharmaceuticals, a manufacturer of iloperidone, identified a genetic marker that predicts good response to drug (2009)



Cancer and antiinfectives lead the way
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PHARMACOGENOMICS AND FDA



Guidance for Industry: Pharmacogenomic Data Submission



Developed criteria for Voluntary Genomic Data Submission (VGDS)



Paving the Way to Personalized Medicine





http://www.fda.gov/downloads/regulatoryinformation/guidances/ucm126957.pdf





It’s been estimated that about 80% of products in the pipeline FAIL to make it to the market. Pharmacogenomics could contribute to smarter drug development process by making it more efficient and less costly. However, industry is reluctant to embrace it due to limited financial benefit associated with product development for smaller stratified patient population., possible delays and increased initial investment. The development and marketing of such products would have to involve constructing  a totally new business model that companies have limited incentive to get involved since the current model for one-size-fit all products have served the companies very well.

The guidance encourages companies to include pharmacogenomic data in all drug development stages and clarifies how this data will be evaluated by FDA in context of drug approval process. FDA also encourages companies to submit the pharmacogenomics data generated in drug development without immediate regulatory impact.



Paving the Way to Personalized Medicine, a report published in October 2013 detailing how FDA intends to regulate personalized drugs and devices 
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PHARMACOGENOMICS RESEARCH NETWORK (PGRN)

Pharmacogenomics Knowledge Database (PharmGKB)

Comprehensive resource that curates knowledge about the impact of genetic variation on drug response for clinicians and researchers

Clinical Pharmacogenetics Implementation Consortium (CPIC)

Created to help clinicians understand how available genetic test results can be used to optimize drug therapy



http://www.nigms.nih.gov/Research/Featured Programs/PGRN





The vision of PGRN (part of National Institute of General Medical Sciences is to lead discovery and advance translation in genomics to enable safer and more effective drug therapies. The site features info on major initiatives, research and training programs, science education on various topics pertaining to pharmacogenomics.
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CHALLENGES IN CLINICAL PRACTICE


Establishing clinical utility of pharmacogenomics testing and impact on patient outcome



Test availability, cost and reimbursement



Test interpretation





Piquette-Miller M et al, Clin PharmacolTher2007:81(3):311-315













Implementation of pharmacogenetic testing in clinical practice has been slow. The test needs to accurately measure phenotype (analytical) and predict drug response (clinical utility). Rigorous evidence is lacking regarding utility of genomic information as illustrated in already mentioned 3 recently published studies in NEJM  that raise questions about clinical utility of genetic testing in dosing warfarin.

Despite all the technological progress, test availability limits its application in clinical practice. Less than 10% of US laboratories offer pharmacogenetic testing, which translates to longer turnaround time. The cost of testing ranges fro $200-$500. The test If not considered medically necessary, will likely  be not reimbursed by insurance plans.

Genotyping tests are complex and interpretation of the results requires a high level of scientific knowledge. Therefore, a useful assay must be easy to use in conventional setting and should provide results that can be  easily understood by the provider and patient. Interpretation tools need to be developed like treatment algorithms. Some highly comples analyses (gene expression analysis) are particlularly challenging.
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CHALLENGES IN CLINICAL PRACTICE

Regulatory and legal issues

HIPAA (Health Insurance Portability and Accountability Act) and GINA (Genetic Information Nondiscrimination Act)

Provisions of Affordable Care Act

Genomics and Personalized Medicine Bill (2006)

Association for Molecular Pathology vs Myriad Genetics Ruling (2013)



Ethical Concerns



Education





Piquette-Miller M et al, Clin PharmacolTher2007:81(3):311-315













The relevant policy, legal and regulatory issues need to be adequately addressed. HIPAA and GINA prohibit health insurers from considering genetic information as a preexisting condition as a basis of denying coverage. However, these protections do not extend to disease manifestation of genetic risks, so predisposition to cancer is protected but not clinical signs of cancer.

Obama Care provisions go into effect this year and go a step further to preclude consideration of all pre-existing conditions in establishing premiums, however life, long-term or disability insurance are not included.

Legal: the Supreme Court ruled in June last year that naturally isolated DNA cannot be patented. This is important because before that decision the clinical labs might have been required to pay royalties to patent holders, increasing costs.

Ethical issues have to do with potential genetic discrimination. PGx will be used to develop drugs working well in certain population groups, the ides would have to be carefully implemented to avoid of perception of stigma based on ethnicity.



Effective integration of pharmacogenomics information into practice will require a significant educational effort, starting with medical, pharmacy and nursing school curricula changes. Primary care practioners will not only need to identify patients who will benefit most from genetic testing, they will also need to interpret highly complex data.
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FUTURE DIRECTION?

FDA approves First High-Throughput (Next-Generation) Genomic Sequencer, Illumina’s MiSeqDx in December 2013 







The ultimate vision of PGx to enable to routinely use the genetic profiles as to select drugs that are both safe and effective moved  one significant step forward with this FDA approval. With this sequencer, what it took Human Genome researchers a decade at a cost of hundreds of millions of dollars,  a human genome can be sequenced in 24 hours at a cost of $5000 will be available. It will allow development of numerous new genome-based tests.  It’s right the corner

44



QUESTIONS?
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Goals and Objectives

		Case presentation

		Review the gender differences in coronary heart disease prevalence and mortality rates

		Define differences in symptoms and presentation

		Highlight the sex-specific differences in risk factors

		Provide evidence for differences in pathophysiology between genders

		Discuss the importance of risk assessment

		Describe evidence-based prevention strategies









Case Presentation: Patient CT

		53 yr old active woman with Htn and a family history of coronary artery disease in her father

		Presents to primary care office in March 2009 with excessive fatigue and intermittent chest pain

		Exercise ECG stress test was normal

		Continued to have intermittent symptoms

		Presented to OSH June 2009 w/ similar complaints

		Another stress test (unknown type): Normal









Patient CT

		December 31, 2009 presents to TJUH ER with a severe “wave of fatigue” and intermittent left sided abdominal and chest pain

		“Triple scan” (CT angiography of coronaries, aorta, and PA) demonstrated multivessel CAD

		Cardiac catheterization showed significant stenoses in the mid LAD, D1, D2, and mid RCA

		Bypass surgery recommended, but patient declined and requested to be seen as an outpatient by a female cardiologist









Patient CT







Patient CT

		Continued to have intermittent dyspnea on exertion symptoms and atypical chest pain

		Exercise nuclear stress test performed February 2010 showed both ECG and perfusion abnormalities in the LAD territory

		Echocardiogram showed normal LV function

		Patient ultimately underwent 4 vessel CABG in May 2010

		She is currently doing great









Sobering facts

		1 in 3 women will die from cardiovascular disease

		~292,000 deaths in women in the US in 2009

		~600,000 discharges annually for ACS events in women

		Heart disease in women is more common than all cancers combined – including breast cancer









Mortality from heart disease in the US is greater for women than for men







More sobering facts

		Coronary heart disease death rates in young women (35-54) have been increasing

		Increased morbidity in women: more hospitalizations for angina and CHF, and more limitations in daily living

		Many women (and many healthcare providers) don’t know these facts, although awareness is rising









Awareness is increasing, but gaps remain

		AHA survey performed in 2012 among US women >25 years of age

		From 1997 to 2012, the rate of awareness of CVD as the leading cause of death nearly doubled (56% versus 30%)

		Awareness among black and Hispanic women in 2012 (36% and 34%, respectively) was similar to that of white women in 1997 (33%). 

		In 1997, women were more likely to cite cancer than CVD as the leading killer (35% versus 30%), but in 2012, the trend reversed (24% versus 56%).



Mosca L, et al. Circulation 2013;127:1254-1263.







“Men are from Mars, 

Women are From Venus”

		Symptoms are often different

		Women have more angina despite lower rates of obstructive coronary artery disease: “Syndrome X”

		More likely to present with sudden cardiac death

		Ongoing symptoms portend a higher risk for non-fatal MI and mortality in women than in men





	Case in point: CT presented with episodic fatigue and atypical chest pain

Shaw LJ, et al. JACC 2006;47:4S-20S    

Bairey Merz CN, et al. JACC 2006;47:21S-29S. 







		Large registry of patients hospitalized with MI

		Women more likely than men to present without chest pain (42% vs 31%) and had higher mortality for age

		Gender differences most pronounced in young women



Canto JG, et al. JAMA 2012;307: 813-822 







Women are more likely to present without CP

Canto JG, et al. JAMA 2012;307: 813-822 







Differences in Pathophysiology: 

More coronary reactivity

		Less obstructive coronary disease

		More abnormal coronary reactivity and plaque erosion/distal microembolization (as opposed to plaque rupture)

		Historically thought of as abnormal epicardial coronary vasospasm (Prinzemental’s angina)

		Current thought also supports:

		Microvascular dysfunction

		Endothelial dysfunction

		Probable hormonal contribution: poorly understood

		Identifying non-obstructive atheroma may provide better risk stratification in women









Model of Microvascular Angina in Women

Shaw LJ, et al. JACC 2009;54:1561-1575







Model of Ischemic Heart Disease in Women

Shaw LJ, et al. JACC 2009;54:1561-1575







How do we best assess cardiovascular risk in women to prevent cardiovascular disease?

Mosca L, et al. Circulation 2011;123:1243-1262







Traditional risk factors 

for CHD

		Age ≥ 55 for women

		Family history of premature coronary disease

		Low HDL-C

		Hypertension

		Diabetes 

		Smoking





Goff D, et al. JACC Nov 2013, online ahead of print







Smoking is a stronger risk factor for women

		Women who smoke have a 25% greater relative risk of coronary heart disease than do male smokers

		Excess risk of coronary heart disease in women compared to men increases by 2% per year

		Mortality risk for women smokers is equivalent to the risk of weighing 42 kg (92 lb!!!) more than her non-smoking counterpart



Huxley RR, Woodward M. Lancet  2011;378:1297-1305







Pooled Cohort Equation

		Now recommended instead of the Framingham Risk Calculator

		Measure of both short term (10 year) “hard” outcomes: MI and CHD death and lifetime risk

		Does not include family history

		Attempts to correct for racial status

		In Framingham, low score was not sufficient to ensure low risk status – unclear limitations since newer



Goff D, et al. JACC Nov 2013, online ahead of print







Reynolds Risk Score

		Developed for and validated in women

		What does RRS Add? 

		A measure of inflammation – hsCRP

		Parental family history of premature CHD

		Outcome measure includes more “soft” endpoints including stroke, revascularization 

		Does The RRS “Trump” FRS in Women?

		RRS reclassifies 40-50% of women into higher or lower categories of risk

		However, many reclassifications involve small changes.  For example, if a woman moves from 9.9% (low risk) to 10.1% (intermediate risk) these are not significantly different levels of risk.





Ridker PM, et al. JAMA 2007;297:611-619







		Meta-analysis from 18 cohort studies

		Looked at risk factor burden (TC, BP, smoking, DM)

		A 55 year old woman with 1 Elevated or Major Risk Factor (62% of cohort) had 32% risk of a CHD event by age 80



Berry JD, et al. NEJM 2012;366:321-329.

Lifetime Risk does not equal 10 year risk







Lifetime risk does not equal 10 year risk

		Major risk factors: TC ≥240, SBP ≥ 160, DBP ≥ 100, Smoker, DM, treated for BP or cholesterol

		Elevated risk factors: TC 200-239, SBP 140-159, DBP 90-99 

		Optimal: TC <180, SBP <120, DBP <80, non smoker, non diabetic



Berry JD, et al. NEJM 2012;366:321-329.







10-year versus 30-year risk



Forrester, JS. JACC 2010;56:630-636.







Benefits of Using Lifetime or 30 Year Risk

		May improve communication of true risk

		May motivate woman at low short-term risk but high long-term risk to develop a more healthy lifestyle

		May promote adherence to medications

		Should use in addition to 10-year risk









How do we best assess cardiovascular risk in women to prevent cardiovascular disease?

Mosca L, et al. Circulation 2011;123:1243-1262







Simplifies risk into 3 categories

		High Risk (11%)

		Documented CVD

		DM

		ESRD or CKD

		FRS ≥ 20%

		At Risk: ≥ 1 Major Risk Factor (72%)

		Optimal Risk (4%)

		FRS < 10%

		No major CVD risk factors

		Healthy lifestyle



Corresponding 10 year event rates: 12.5%, 3.1%, and 1.1%

Hsia J, et al. Circ Cardiovasc Qual Outcomes. 2010;3:128-134







The “At Risk” Group

		> 1 Major Risk Factor for CVD = Intermediate risk

		Lifestyle factors: cigarette smoking, poor diet, physical inactivity

		Obesity, especially if central

		Family history of premature coronary disease

		Hypertension

		Dyslipidemia

		Evidence of subclinical atherosclerosis

		Metabolic syndrome

		Poor exercise capacity on treadmill test and/or abnormal heart rate recovery after stopping exercise

		Systemic autoimmune disease (Lupus, RA)

		History of pre-eclampsia, gestational DM, or pregnancy induced Htn



Mosca L. et al. Circulation 2011;123;1243-1246







“Non-Traditional” risk factors for coronary heart disease in women

		Poor exercise capacity

		Being overweight or obese, especially central obesity

		Metabolic syndrome

		Systemic autoimmune disease (ex: lupus or rheumatoid arthritis)

		History of gestational diabetes, pregnancy induced hypertension, pre eclampsia or eclampsia

		Polycystic ovarian syndrome

		Certain treatments for breast or other cancers (ex: left-sided chest wall radiation)











“Non-Traditional” risk factors for coronary heart disease in women

		Inflammatory marker: cardiac CRP (Endorsed as “additional testing to consider” in 2013 AHA/ACC Risk Assessment Guidelines)

		Additional lipoprotein testing: ApoB, LDL particle number, Lipoprotein (a) 

		Evidence of advanced subclinical atherosclerosis: carotid plaque, increased carotid IMT, coronary calcification











Detection of subclinical atherosclerosis

Carotid IMT

Coronary Calcium







Coronary Artery Calcium Score

		Uses calcium as surrogate for atherosclerotic plaque burden

		ACCF/AHA 2007 Clinical Expert Consensus: It may be reasonable to consider the use of CAC measurement in the asymptomatic patient with an intermediate CHD risk.

		Can help to reclassify a patient as higher risk (intermediate to high risk)

		Endorsed as “additional testing to consider” in 2013 AHA/ACC Risk Assessment Guidelines



Greenland P et al. JACC 2007;49:378-399







Coronary Artery Calcium Score in 

Low Risk Women in MESA

Lakoski SG, et al. Arch Int Med 2007;167:2437-2442

Overall 32% of low risk women had a positive CAC score and a 6-fold increased risk of CHD.









Carotid Intima-Media Thickness

		CIMT is associated with CVD risk factors, prevalent CVD, incident CVD, and the degree of atherosclerosis in several different arterial beds

		ASE Consensus states that measuring CIMT and identifying carotid plaque can be useful for refining CVD risk assessment in patients at intermediate CVD risk

		Not endorsed by 2013 AHA/ACC Risk Assessment Guidelines



ASE Consensus statement: Stein JH et al. JASE 2008;21:93-111







Carotid Intima-Media Thickness:

Data from the ARIC Study

Nambi V, et al. JACC 2010;55:1600-1607





























Nambi V, et al. JACC 2010;55:1600-1607

Carotid Intima-Media Thickness:

Does it improve CHD risk prediction?







		Women’s heart health programs should include both PAD awareness campaigns and gender-relevant PAD care pathways

		Women at risk for PAD should undergo ABI (ankle-brachial index) testing

		Endorsed as “additional testing to consider” in 2013 AHA/ACC Risk Assessment Guidelines



Hirsch AT, et al. Circulation 2012 epub Feb 15, 2012.







Ankle-Brachial Index

		Ratio of systolic pressure at the ankle (dorsalis pedis or posterior tibial) to systolic pressure in the arm

		In population cohort studies, a low ABI is related to increased total and cardiovascular mortality

		May have independent predictive role









		Age less than 50 years with diabetes, and one additional risk factor (e.g., smoking, dyslipidemia, hypertension, or hyperhomocysteinemia)

		Age 50 to 69 years and history of smoking or diabetes

		Age 70 years and older

		Leg symptoms with exertion (suggestive of claudication) or ischemic rest pain

		Abnormal lower extremity pulse examination

		Known atherosclerotic coronary, carotid, or renal artery disease



Individuals “At Risk” for Lower Extremity PAD







Ankle-Brachial Index

Fowkes G for the ABI Collaboration. JAMA 2008;300:197-208

ABI changed risk categorization in 8154 of 22,486 women (36%)







When Do We Need Further Testing?

		Strong family history

		Several risk factors but doesn’t qualify for treatment without additional information (ie. Pooled Cohort Equation score <7.5%)

		Risk factors that are hard to quantify or put into traditional risk models





	Rationale: Lifetime risk of CHD for a woman at age 50 with one or more risk factor is ~35%







How do we reduce the risk of cardiovascular disease in women?

Mosca L, et al. Circulation 2011;123:1243-1262







Strategies for heart disease prevention:

Lifestyle interventions

		Smoking cessation counseling

		Heart healthy diet: low salt, low saturated fats, no trans fats, increased fiber, whole grains, fish at least 2 days per week, lots of fresh fruits and vegetables

		Regular physical activity: at least 150 min per week of moderate intensity aerobic exercise per week and strength training ~2 days per week

		Maintenance of a healthy weight

		Consider referral to cardiac rehab









Strategies for heart disease prevention:

Pharmacologic interventions

		Treatment of elevated cholesterol – statins are first line

		Treatment of hypertension

		Treatment of diabetes

		Aspirin for secondary CVD prevention, or for women > 65 who are at risk for stroke

		Fish oil for secondary prevention









Go Red for Women February 7, 2014

https://www.youtube.com/watch?v=RX70XlRZFAQ#t=39
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Health Care Reform

		Quality Affordable Health Care for all Americans

		Role of Public Programs

		Improving the Quality and Efficiency of Health Care

		Prevention of Chronic Disease and Improving Public Health

		Health Care Workforce















Health Care Reform

		Transparency and Program Integrity

		Improving Access to Innovative Medical Therapies

		Revenue Provisions

		Strengthening Quality, Affordable Health Care for All Americans



















Health Care Reform:

Implementation Timeline



















Health Care Reform:

Intersection with National Reports

















Health Care Reform:

Intersection with National Reports

		Health Care Reform

		Quality Affordable Health Care for all Americans

		Improving the Quality and Efficiency of Health Care

		Prevention of Chronic Disease and Improving Public Health

		Health Care Workforce

		Transparency and Program Integrity

		Strengthening Quality, Affordable Health Care for All Americans





		National Reports

		Address crisis of numbers of providers, workforce (Carnegie)

		Improve patient care through nursing education (Carnegie)

		Achieve high-value with Innovative models of primary care (Macy)

		Expand opportunities for nurses to lead and diffuse collaborative improvement efforts (IOM/RWJF)

		Increase the proportion of nurses with baccalaureate (IOM/RWJF)

		Ensure nurses engage in life-long learning

		Prepare and enable nurses to lead change to advance health (IOM/RWJF)
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Health Care Reform





*









Impact of Health Care Reform 

		Education

		Practice: licensure, certification, selected innovative models

		Accountable Care Organizations (ACOs)

		Patient Center Medical Home (PCMH)

		Regulation and Reimbursement

		Value Proposition















Graduate Nurse Education (GNE)

Demonstration Project











ACA Provisions:HRSA Funding for 

APRN Education

		Health Resources and Services Administration (HRSA)

		Bureau of Health Professions Division of Nursing

		Advanced Education Nurse Traineeships (AENT)









HRSA Funding for 

Community Health Centers











HRSA Funding for 

National Health Service Corps











HRSA Funding for 

Nursing Student Loan and 

Nursing Workforce Diversity Programs
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ACA Provisions for Practice

		APRNs practice to the full extent of their education and training

		Removing scope of practice barriers

		Full partners with physicians and health professionals









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		What does this mean for Congress?

		Expand Medicare Program to include coverage for APRNs









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		Removing scope of practice barriers

		What does this mean for state legislatures?









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		Full partners with physicians and health professionals

		What does this mean for CMS?









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		Removing scope of practice barriers

		What does this mean for the Office of Personnel Management?









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		Removing scope of practice barriers

		What does this mean for the Federal Trade Commission and the Antitrust Division of the Department of Justice?









ACA Provisions for APRNs

		APRNs practice to the full extent of their education and training

		Removing scope of practice barriers

		APRN National Consensus Model
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Accountable Care Organizations (ACOs)
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Accountable Care Organizations (ACOs)

		Patient/Caregiver Experience

		Care Coordination

		Patient Safety

		Use of Preventive Health Services

		Improved Care for At Risk Populations
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Accountable Care Organizations (ACOs)

		Expanded role of qualified health professionals

		Recognized as leaders in quality and process improvement initiatives
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Patient Centered Medical Home (PCMH)











Patient Centered Medical Home (PCMH)





















*









Partnership for Patients Program
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Partnership for Patients Program

		Making care safer

		Making care more reliable

		Making care less costly
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Partnership for Patients Program
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Community-Based 

Care Transitions Program

		Improve the transitions of beneficiaries from the inpatient hospital setting to other care settings 

		Improve the quality of care 

		Reduce readmissions for high-risk Medicare beneficiaries 

		Document measurable savings 
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Community-Based 

Care Transitions Program
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Bundled Payments for 

Care Improvement











Independence at Home Demonstration











CMS Regulatory and Reimbursement Activities

		Regulatory avenues to support the provision of primary care services

		Evaluation and Management Codes

		Transitional Care Management Codes

		Care Coordination Codes 









Transitional Care Management Codes











Care Coordination Codes











Value Proposition for APRNs
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Assumptions Associated 

with the Logic Model

		Patients seek care in primary care and outpatient settings

		Patients will access APRN providers

		Patients will choose to be engaged in care processes

		Providers will collaborate, work in interprofessional teams, develop and use individualized patient centered plans of care

		Organizations will have EHRs that operate across settings or a process to track longitudinal care plans

		Outcomes are often not discipline specific, but shared by the interprofessional team
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External Factors Influencing 

the Logic Model

		Slow development of interprofessional teams in education and practice

		Changes in reimbursement and penalties for never events

		Decreasing revenue, but incentives for exemplary performance

		Slow implementation of EHRs that are operable across settings

		Slow development of a model for patient-centered care plans that move between multiple providers and settings over time
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Changing Health Care Incentives: Why?

		Currently we are paid by volume

		Health costs are rising as a percent of GDP

		Baby boomers are aging

		Strong sense that this system is not producing value

		US top spender in industrialized world but low health outcomes









Percent GDP spent on health care:2008







Growth in Health Care spending







Prescription drug costs







Rising Annual US Health Care Costs: Regional variation: Dartmouth Atlas 

( Fischer NEJM 2009)







Costs High: Outcomes Fair







Infant Mortality: US and others











Quality and Safety Imperative

		44,000-80,000 US deaths annually from diagnostic errors (estimated)

		68,000 annually US deaths from decubitus ulcers (estimated)

		10 NC hospitals 2002-2007 chart review: 25 harms/100 admissions: No change in the rate of harm over time. (NEJM Nov 2010)

		 OIG 2008 random review of  780 MC charts for adverse events. 13.5% had an event with permanent harm: another 13.5% had significant temporary harm (27% total).

		44% were preventable and total cost $324 million. 









Value Based Purchasing

		CMS program

		Changes every year

		Budget neutral: withholds a portion of Medicare dollars and returns all of them to hospitals based on their performance

		Idea is to reward performance

		Hospitals get points for either improving their performance or achieving top performance relative to national sperformance











VBP at a glance





		 		FY 2013		FY 2014		FY 2015

		% Dollars at risk		1%		1.25%		1.5%

		 Estimate dollars withheld		1.3 million		1.6 million		2.0 million

		% Core Measures		70%		45%		20%

		 Number of indices		12		13		12

		% HCAHPS		30%		30%		30%

		 8 HCAHPS and overall		yes		yes		yes

		% Outcomes		0%		25%		30%

		 Number of indices		0		3		5

		 		 		30 d mortality: HF, AMI, Pneumonia		Also CLASBI and PSI 90

		% Efficiency		0		0		20%

		Indices		 		 		MC spend per bene

		Dollars we gained		$221,000		$799,500















































Revolving door: readmissions are expensive







Medicare  30 d Readmissions

Joynt NEJM April 2012







Readmissions Penalty from CMS

		Withhold dollars: penalty only program

		Some estimate that 2/3 hospital will have penalties

		The withhold increase every year

		Effects traditional FFS Medicare patients not Medicare Advantage

		Three year rolling average

		Diagnoses are HF, AMI, Pneumonia

		Plan is to add more diagnoses 









CMS 30 day Readmission Penalties

		FY 2013		FY 2014		FY 2015

		Maximum percent at risk		1%		2%		3%

		Measurement year		7/2008-6/2011		7/2009-6/2012		7/2010-6/2013

		TJUH $ at risk		$1.3 million		$2.6 million		$3.9 million

		Diagnoses		AMI, HF, PNEU		AMI, HF, PNEU		AMI, HF 
PNEU
COPD, 
HIP / KNEE

		TJUH dollars lost		$715,000		$416,000

































Who is responsible for readmissions? US

		40% of TJUH Inc IBC commercial payments readmitted in 7 days!

		Causes of readmissions include

		Problem with getting meds or taking them or confusion

		No doctors appointments

		Didn’t follow instructions ( did we give them clearly?)

		SNF sends them back : hard for them to contact us)

		Poor communication between inpatient and out patient doctors

		Complications: Infection, DVT, MI, 

		We don’t always know











Readmissions, Costs and HAI: A link

		Pennsylvania: 2010: 1.1% of admissions with HAI

		( AHRQ estimates 4-5% of in patient with HAI)

		HAI patients in Pennsylvania:



		NO HAI		HAI

		LOS		5.0		21.6

		Medicare Dollar Spend		$6,709		$21,378

		In- patient mortality		1.7%		9.1%

		Readmissions		16.3%		41.9%





























Hospital Associated Condition (HAC)   	Reduction Program





		Withhold dollars: penalty only program

		Effects DSH and IME payments

		Begins Federal FY 2015













Hospital Acquired Conditions ( HAC)

		FY 2015		FY 2016		FY 2017

		Percent at risk
(includes IME and DSH)		1%		1%		1%

		Measurement year

		TJUH $ at risk		1.8 million

		Diagnoses		CLASBI: ICU
CAUTI: ICU
PSI -90
		CLASBI:ICU
CAUTI: ICU
SSI
		CLASBI: ICU
CAUTI: ICU
MRSA
C Diff


		TJUH dollars: will lose all  if in bottom national quartile

































Government is experimenting with payment







CMS Bundled Payment Initiative

		Part of a national effort to realign and experiment with payment models

		Single payment to the involved providers for an entire episode of care;

		3 year initiative starting 2013

		Goal: Improve care coordination and quality; lower costs

		Four models focus on the different parts of an episode













































Bundled payment: How model 2 works

		Hospital bids 2% below Medicare’s  total cost for the hospitalization and all care for 90 days after ( readmissions, home care, visits)

		Everyone is paid FFS

		At year end if MC costs are higher than the bid, TJUH President writes a check to Medicare- no risk to SNF, physicians,  patients or facilities

		At year end if MC costs below the bid, CMS writes a check to TJUH President which he can share with facilities and physicians 

		Must meet quality metrics as well

		TJUH chose not to participate but our preparation informs our understanding of what is coming









Drive cooperation across settings, facilities, and caregivers over time











Accountable Care Organizations (ACO)

		ACA support new payment models

		ACO: A group of health care providers who give coordinated care, chronic disease management, and thereby improve the quality of care patients get. The organization's payment is tied to achieving health care quality goals and outcomes that result in cost savings.

		ACOs create incentives to work across care settings – including doctor’s offices, hospitals, and long-term care facilities.  Medicare will reward ACOs that lower growth in health care costs while meeting quality of care metrics. 

		 Patient and provider participation in an ACO is purely voluntary.









Accountable Care Organizations (ACO)

		Several models:

		Shared Savings model

		Advanced payment model for rural providers

		Pioneer model for advanced health systems

		Oregon experimenting with large coordinated care organizations to expand medical homes, behavioral health, disease management and coordinated care while reducing rate of growth of costs

		Over 100 groups in process  









Our Contracts with Private Payers: P4P

		WE CAN EXPECT THIS MORE AND MORE

		Aetna: P4P in process; looks like there will be three areas and significant dollars in the second year. 

		65% for core measures, 

		25% for hospital associated infections 

		10% for overall readmissions

		Did not include (did propose) a complex adverse event index

		IBC: TJUH has a P4P using core measures and CLASBI,	 JUP has a readmission contract with IBC, MLHS has one as well, 









No Pay for Patient Harm: The Rules

		2009 PA Law: Preventable Serious Adverse Event may NOT be billed in state of PA to Medicaid or any payer by facility involved in causing the event. 

		CMS has similar rules

		Hospitals must have process to not bill ( may not apply if no change in MS DRG and DRG payment; which still means hospital pays for the complication, not the patient or payer)











Partial Never Event List: 

Hospitalized Patients

		Retained foreign body, wrong site, wrong patient surgery

		Death or major injury from a medication error 

		Intraoperative death in ASA 1 patient 

		Falls with death or serious injury 

		Hospital Acquired Stage 3 or 4 pressure ulcers

		Death or serious injury from  a failure to communicate laboratory, pathology or radiology results

		Maternal death or serious injury during low risk Labor and Delivery

		Death or  serious disability from hemolytic blood incompatibility

		Death or serious disability from hypoglycemia, burn, restraints or air embolism

		Death or serious disability from suicide or suicide attempt















Transparency: will help drive this

www.hospitalcompare.hhs.gov







Transparency mortality and readmissions







Transparency: Patient Safety Indicators







Transparency: MD Communication







So what does this all mean?

		Incentives for OUTCOMES not volume

		Change how we are paid – and how we think about care

		Systems of care matter and need revisions: collaboration rewarded

		Population based care: even if patient is not in our office or our hospital we may be responsible

		Capitation on Steroids

		Winnow institutions; need to be nimble, cooperative, share data: top notch care and service to survive









The Triple Aim







How can we think about the opportunities?









VALUE

		We need to rethink and redesign what we do; NOW

		We need to work together across traditional silos to achieve this

		We are responsible for health  of the community, patients in transition between hospital and SNF, SNF and home, health and disease and we need to be efficient

		Cost matters:  we need to be good stewards of health care resources



Nurses will be leaders in reshaping how we deliver care in the hospital, at home, in the community and in facilities

Future care will be different: We must insure it’s better!







