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ABSTRACT

TｴWヴW ;ヴW IﾗﾐゲｷSWヴ;HﾉW SｷdWヴWﾐIWゲ ｷﾐ ｴﾗ┘ ヮ;ピWﾐデゲ ヴWゲヮﾗﾐS デﾗ デヴW;デﾏWﾐデゲ 
S┌W デﾗ ; ﾐ┌ﾏHWヴ ﾗa a;Iデﾗヴゲ I;ﾉﾉｷﾐｪ aﾗヴ ヮWヴゲﾗﾐ;ﾉｷゲWS ;ヮヮヴﾗ;IｴWゲ デﾗ I;ヴWが ┘ｴｷIｴ 
ｷゲ ｴ;ヮヮWﾐｷﾐｪく Hﾗ┘W┗Wヴが デｴW W;ヴﾉ┞ ヮヴﾗﾏｷゲW ﾗa ヮWヴゲﾗﾐ;ﾉｷゲWS ﾏWSｷIｷﾐW ｴ;ゲ ﾐﾗデ 
;ﾉ┘;┞ゲ デヴ;ﾐゲﾉ;デWS ｷﾐデﾗ ｷﾏヮヴﾗ┗WS I;ヴW aﾗヴ ヮ;ピWﾐデゲく P;┞Wヴゲ ｴ;┗W IﾗﾐIWヴﾐゲ 
デｴ;デ I┌ヴヴWﾐデ デWゲデゲ I;ﾐ HW Iﾗゲデﾉ┞が ヴWケ┌Wゲデゲ aﾗヴ a┌ﾐSｷﾐｪ ゲヮWIｷgI デWゲデゲ ｴ;┗W 
ゲ┌HゲWケ┌Wﾐデﾉ┞ HWWﾐ ヴW┗WヴゲWS ;ゲ ﾏﾗヴW ｷﾐaﾗヴﾏ;ピﾗﾐ HWIﾗﾏWゲ ;┗;ｷﾉ;HﾉWが ;ﾐS 
デｴWヴW ｷゲ I┌ヴヴWﾐデﾉ┞ aヴ;ｪﾏWﾐデ;ピﾗﾐ ｷﾐ デｴW a┌ﾐSｷﾐｪ ﾗa Sｷ;ｪﾐﾗゲピI デWゲデゲく P;┞Wヴゲ ;ﾉゲﾗ 
ｴ;┗W IﾗﾐIWヴﾐゲ デｴ;デ ヮｴ;ヴﾏ;IW┌ピI;ﾉ Iﾗﾏヮ;ﾐｷWゲ ;ヴW W┝ヮﾉﾗｷピﾐｪ デｴW ゲｷデ┌;ピﾗﾐ H┞ 
ゲWWﾆｷﾐｪ ﾗヴヮｴ;ﾐ ゲデ;デ┌ゲ aﾗヴ デｴWｷヴ ﾐW┘ デ;ヴｪWデWS ﾏWSｷIｷﾐWゲ Sヴｷ┗ｷﾐｪ ┌ヮ ヴWケ┌WゲデWS 
ヮヴｷIWゲく Iデ ｷゲ ;ﾉゲﾗ ﾐﾗデ IﾉW;ヴ ┘ｴﾗ ゲｴﾗ┌ﾉS a┌ﾐS Hｷﾗﾏ;ヴﾆWヴゲ デｴ;デ ;IIﾗﾏヮ;ﾐ┞ ﾐW┘ 
W┝ヮWﾐゲｷ┗W ﾏWSｷIｷﾐWゲく Tｴｷゲ ｷゲ Iｴ;ﾐｪｷﾐｪ ;ゲ デｴW Iﾗゲデ ﾗa デWゲデゲ IﾗﾏW Sﾗ┘ﾐが ;ﾐS 
ヮ;┞Wヴゲ SW┗Wﾉﾗヮ ﾐW┘ ﾏﾗSWﾉゲ デﾗ ﾗヮピﾏｷゲW デｴW ﾏ;ﾐ;ｪWS Wﾐデヴ┞ ﾗa ﾐW┘ ﾏWSｷIｷﾐWゲ 
;ゲ ┘Wﾉﾉ ;ゲ W┗;ﾉ┌;デW ヮﾗデWﾐピ;ﾉ ヮヴｷIWゲ aﾗヴ ﾐW┘ ﾏWSｷIｷﾐWゲ aﾗヴ ﾗヴヮｴ;ﾐ SｷゲW;ゲWゲく 
TｴWヴW ;ヴW ;ﾉゲﾗ SW┗WﾉﾗヮﾏWﾐデゲ ┘ｷデｴ けHｷｪ S;デ;げ ﾗdWヴｷﾐｪ ﾐW┘ ┌ﾐSWヴゲデ;ﾐSｷﾐｪ ﾗa 
SｷゲW;ゲW IﾗﾏヮﾉW┝ｷデ┞ デﾗ Wﾐｴ;ﾐIW ヮｷヮWﾉｷﾐW ヮヴﾗS┌Iピ┗ｷデ┞ ;ﾐS Sｷ;ｪﾐﾗゲｷゲ ;ゲ ┘Wﾉﾉ ;ゲ 
ﾗﾐｪﾗｷﾐｪ SW┗WﾉﾗヮﾏWﾐデゲ ┘ｷデｴ Sヴ┌ｪ ヴWゲｷゲデ;ﾐIW デWゲピﾐｪ ;ﾐS ヴWゲW;ヴIｴ ｷﾐデﾗ デｴW ヴﾗﾉW 
ﾗa ﾏｷIヴﾗHｷﾗﾏWゲ デﾗ ｷﾏヮヴﾗ┗W a┌デ┌ヴW ｴW;ﾉデｴく C┌ヴヴWﾐデ Iｴ;ﾉﾉWﾐｪWゲ ;ﾐS IﾗﾐIWヴﾐゲ ;ヴW 
HWｷﾐｪ ;SSヴWゲゲWSく Tｴｷゲ ┘ｷﾉﾉ Iﾗﾐピﾐ┌W デﾗ ｷﾏヮヴﾗ┗W ヮ;ピWﾐデ I;ヴWく

Introduction

Patients respond differently to medicines due to a variety of 

factors including biologic, environment and genetic factors1,2. A 

patient�s genomes account for 20-95% of the variation in response 

to drug disposition2,3, translating into considerable differences in 

response to treatments2,4,5. 

Some treatments are already targeted, e.g. tamoxifen for patients 

with breast cancer with oestrogen receptor (ER) sensitivity and 

trastuzumab for HER2 positive patients2,6. Until recently, treatment 

for patients with hepatitis C was dependent on their genotype7. This 

is changing with the development of second generation direct-acting 

antiviral agents8. 

However, the complexity of the various biological systems involved 

in different diseases2,9 helps explain why there are a high number 

of non-responders to certain medicines1,2,6, and why an appreciable 

number of medicines fail to progress beyond Phases II or III despite 

early promise10. These issues put into doubt Adaptive Licensing 

approaches until better targeting of medicines can be achieved11. 
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As knowledge of biological systems grows, drug 

pipelines should become more productive and patient care 

improve2. This helps explain why the European Commission 

is one of the leading drivers in personalised medicine in 

Europe and beyond2,12. The collection of �big data� offering 

new understanding of disease complexity13,14 should 

further enhance pipeline productivity. However, there 

are continuing concerns that the concept of personalised treatments in for instance cancer will be difピicult to achieve 
due to inherent limitations including Darwinian evolution 

resulting in intratumour heterogeneity6.   

Resource issues are important especially in Europe with 

payers increasingly unable to fund all new premium priced 

medicines15. This includes new cancer medicines and 

those for orphan diseases at ever increasing prices2,6,16-18. 

Consequently, new effective medicines or genomic tests 

that offer better targeting and reduced overall costs should 

be welcomed by all key stakeholder groups. 

Objectives and deinitions
Personalised medicine and personalised healthcare 

are not new concepts2. Greater targeting of treatments has 

the potential to revolutionise healthcare delivery through 

improved effectiveness, reducing the numbers needed to 

treat (NNT), reducing side-effects increasing the numbers 

needed to harm (NNH), as well as potentially  reducing 

costs2,19. However┸ as in many growing ピields┸ the promises 
of pharmacogenomics have not always translated into 

appreciable improvements in patient care2. In addition, 

some tests have been advocated to improve patient 

selection; however, subsequent caution is preached as 

more data becomes available2. There are also concerns that 

pharmaceutical companies are seeking orphan status for 

new targeted medicines driving up prices costs2,20,21.

Consequently, the objective of this mini review is to 

appraise current knowledge about the value and concerns 

of personalised medicine principally from a payer�s 

perspective to debate potential ways forward.

Key considerations

General considerations 

Greater knowledge of genomics increases the possibility for deピining patient subgroups for medicines 
to enhance their effectiveness and/ or reduce their 

toxicity. However, there are concerns that currently only 

a few geno- or phenotyping tests are being used routinely 

in clinical practice, exacerbated by ongoing debates2. 

Pharmacogenomics has been effective in predicting 

toxicities to treatments, e.g. abacavir in HIV type 1 patients. 

However there are concerns with the sensitivity and speciピicty of testing for dihydropyrimidine dehydrogenase 

ゅDPDょ deピiciency in patients prior to starting の┽Fluorouracil 
(infusion or oral tablets) for the management of their GI 

cancer2. 

In cancer, Poly(adenosine diphosphate�ribose) 

polymerase (PARP) inhibitors have shown promise in a 

subgroup of breast cancer patients with triple negative 

breast cancer (TNBC) who have inherent defects in DNA 

repair2. However, there is ongoing debate whether the 

additon of PARP1 inhibitors to platinum agents or other 

agents, including mTOR inhibitors, will improve survival 

in TNBC patients22,23. In addition, the results from different 

targeted approaches to managing patients with cancer 

have generally been disappointing apart from a few well-

known cases6.

Biomarkers The National Cancer Institute in the US deピines a 
biomarker as a biological molecule found in blood, other body ピluids┸ or tissues that is a sign of a normal or abnormal 
process, or of a condition or disease2.  They are increasingly being used in the ピield of cancer to improve treatment 
effectiveness2┻ This  is illustrated by geピitinib for NSCLC┸ which the FDA initially restricted because of toxicity concerns┻ Following this┸ it became apparent that patients with tumours that have EGFR activating mutations could signiピicantly beneピit from treatment ゅなど ‒ にはガ of NSCLC 
cancers), leading to label changes2. 

Research has also centred on identifying easy to use 

biomarkers, which along with increasing knowledge 

of gene expression and aberrant signalling pathways, 

should increase the number of medicines that can be 

rationally prescribed and dosed2. However, this is proving 

problematic6.

Challenges and concerns for routine use of diagnostic 

tests

There are ongoing controversies and concerns regarding 

the routine use and funding of some pharmacogenetic 

tests.  The EGAPP (Evaluation of Genomic Applications in 

Practice and Prevention) group in the US2,24 had concerns with ぬ out of the ピirst ね tests they initially evaluated┻
There are also continuing controversies surrounding 

genetic testing prior to initiation with either clopidogrel 

or warfarin2 as well as ongoing debates about funding of 

BRCA testing and Oncotype DX testing for patients with 

breast cancer in terms of their associated costs and cost-

effectiveness. This should change with costs falling for 

pharmacogenetic testing2. These issues increase concerns 

among payers with funding new personalised medicine 

approaches including tests.This needs to be addressed.Future developments may include improved translation 
of single and combined biomarker test information as well 
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as developments in technology platforms, mathematical 

models, and systems biology.This may mean more complex 

and costly clinical studies posing organisational and ethical 

problems especially if multiple subgroups with different 

treatment strategies are included2,25.  One way forward 

could be to have studies combined with systems biology 

modelling including big data2,14. Big data is characterised and deピined by the volume┸ 
velocity, variety and veracity of complex data, combining 

the generation, storage and analysis of data from health 

records, biological samples, imaging, environmental factors, 

digital biomarkers and known biological mechanisms, with 

statistical, mathematical and computational analyses14. The objective is to identify disease speciピic factors and 
associations.  Knowledge, predictive models and decision 

support systems developed from these analyses could 

potentially be applied to data from an individual patient 

to allow for more personalisation in the research and 

discovery process, more precise diagnosis, and more 

personalised preventative and therapy strategies26. 

However, still concerns in patients with cancer6.

Genetic data is being generated in ever escalating 

volumes at faster speeds as a consequence of the rapidly 

evolving sequencing technology. However, a gulf has 

evolved between the speculated potential of genomic 

data and the yields that it was delivering clinically27. To 

help address this, the systems available are undergoing 

a revolution with for instance IBM Watson working with 

a number of institutions to use cognitive computing 

capability to develop OncoKB, an Oncology knowledge 

base28 to generate new understanding, diagnostic and 

treatment options for individual cancer patients. 

In addition to genetic biomarkers, high volume, high frequency digital biomarkers deピined as ╉consumer┽generated physiological and behavioural measures╉29 are 

becoming increasingly available and are being exploited in primary research┻  For example┸ the myHeartCounts 
study is a global cardiovascular research study using 

technology built on the Apple ResearchKit Platform. This 

is using a combination of mobile phone sensors and short 

questionnaires to collect data on over 50,000 participants.  

The study is now collaborating with 23andMe and 

participants have the option of sharing their genetic data 

with myHeartCounts researchers30,31.   

It will also become increasingly important for 

regulatory agenices to collaborate on the development and 

establishment of harmonised guidelines for genotyping 

and biomarker testing. However, it is acknowledged there are many challenges and difピiculties achieving this┻
Key issues for healthcare and funding bodies

Key issues for payers include clearer co-ordination 

between the various bodies responsible for funding of 

care and those evaluating new treatment approaches. 

Companies also need strategies that address concerns 

among payers regarding personalised medicine to enhance 

future use2.

These concerns resulted in a number of medical, ethical, 

legal, social, economic and organisational issues that need 

to be considered by organisation when commercialising 

new  personalised medicine approaches2.  Key funding 

issues from a payers� perspective include current high 

prices for new orphan medicines, with a number now 

reaching blockbuster status as a result2,32.  We are already 

seeing new medicines for orphan diseases funded at up to 

�15million/ QALY following pressure on governments, and 

this cannot continue21,33.

Social issues include potential stigmatisation of 

certain subpopulations as well as reimbursement 

issues. Reimbursement issues include who should fund 

accompanying tests for new medicines if there are resource 

concerns2.

Future

There are a number of potential ways forward for all 

key stakeholder groups to enhance utilisation and funding 

for new diagnostic or prognostic tests as well as targeted 

treatment approaches, which have been summarised 

in a recent publication2. Suggested activities include re-deピining orphan status for new medicines as well as new 
pricing approaches, seeking more information about the sensitivity and speciピicity of diagnostic tests before 
reimbursement, and developing new models to optimise 

the management of new personalised treatments starting 

pre-launch and continuing post launch2,21,34.  

Patient and physician education will also be an 

increasing challenge as the range of therapeutic options increase and become more complicated to navigate┻ For 
instance, a recent survey suggested only 10% of physicians 

in the US believed they were adequately informed about 

pharmacogenomic testing35, and this will grow with greater 

sophistication and more options unless address. However, 

this is likely to change as targeted therapies become more 

commonplace coupled with developments in decision 

support tools and technology platforms.

Personalised medicine for infection � Drug resistance 

testing

Conventional lab culture techniques can take several 

weeks and may not accurately capture all pathogenic strains┻ Speciピic resistant genes can be assayed using rapid 
polymerase chain reaction (PCR) methods, amplifying 

pre-selected resistance genes if they are present. Such 

tests can reduce diagnosis time to <1 day36. However, one 

limitation of such methods is that they are currently unable 

to detect novel resistance genes. Recent advances in Whole 



Godman B, Frost I, Harrington R, Finlayson AE. J Rare Dis Res  Treat.  2016 1(3): 61-65 Journal of Rare Diseases Research & Treatment

Page 64 of 65

Genome Sequencing (WGS) should help address this37, 

allowing the tracking of resistant outbreaks in hospitals38 

and the community. WGS may also allow early warning of 

resistance before it emerges39┻ Further research to identify 
the genotypes that lead to phenotypic resistance will be essential for the potential of WGS to be fulピilled to reduce 
resistance development.  This is increasingly essential 

to reduce resistance rates, which is a global concern 

increasing morbidity, mortality and costs40,41. Alongside 

this, the development of new bioinformatics tools capable 

of improving data analysis42.

The role of the microbiome in personalised medicine

The role of the microbiome is also becoming increasingly 

apparent in human health43,44 especially as the microbiome 

can be cheaply and, in some cases, relatively easily, 

manipulated, in a non-invasive manner45,46. The microbiome has the potential to be used both to proピile disease risk┸ e┻g┻ 
obesity47 which is another growing global public health 

issue48, and as a non-invasive biomarker, e.g. diagnosis of 

Crohn�s disease49. Drug-microbiota interactions have also been shown to affect the efピicacy and safety of medicines50. 

Large-scale studies such as the Human Microbiome Project 

have extensively mapped the composition of the microbiome 

during disease states and shown the role of microbial species 

present by association. However a greater understanding of 

the mechanism of interaction between host and microbe will be required to apply these ピindings therapeutically to aid payers improve patient care efピiciently51.

Funding and other issues

Successful funding by payers of new developments 

will need to address their key concerns following the early disappointing ピindings of the EGAPP studies2. 

There will also be greater scrutiny over the value of  new 

personalised medicines including   new cancer medicines 

given ever increasing costs16-18,52,53, leading to discussions 

on minimum effectiveness criteria for these medicines16,17. 

There will also increasingly be discussions on who should 

fund companion diagnostic tests for new premium priced 

developments starting pre-launch.  

Conclusions 

Personalised medicines, including targeted treatments, should bring considerable beneピits to patients and 
healthcare systems with increasing knowledge of genomics 

and pharmacogenomics6. 

To attain this, there must be greater co-ordination 

of bodies including payers to fund new medicines and 

diagnostic tests of value. Alongside this, greater scrutiny 

over requested prices for new targeted medicines especially 

for cancer and orphan diseases16-18,21,52. Pharmaceutical 

companies should also consider more realistic pricing 

for new targeted treatments to enhance reimbursement 

with reduced need for extensive marketing including 

advertising2,53. 

We hope this short review has stimulated further debate 

about personalised medicine and potential ways forward 

for all key stakeholder groups. 

Conlicts of InterestThe authors declare they have no conピlicts of interest┻ 
The write-up of this paper was in part supported by a grant 

from the Karolinska Institutet.

References

1. Eichler H┽G┸ Abadie E┸ Breckenridge A┸ et al┻ Bridging the efピicacy┽
effectiveness gap: a regulator�s perspective on addressing variability 

of drug response. Nature Reviews. 2011; 10:495-506.

2. Godman B┸ Finlayson AE┸ Cheema PK┸ et al┻ Personalizing health care┺ 
feasibility and future implications. BMC medicine. 2013; 11:179

3. Crews KR, Hicks JK, Pui CH, et al. Pharmacogenomics and 

individualized medicine: translating science into practice. Clin 

Pharmacol Ther. 2012; 92:467-75. 

4. Jabin D, Kumar S, Gow PJ. Outcome of patients on azathioprine: a need 

for a better pre-treatment assessment and dosing guideline. N Z Med 

J. 2010; 123(1324):67-73.

5. Budin-Ljosne I, Harris JR. Ask Not What Personalized Medicine Can 

Do for You- Ask What You Can Do for Personalized Medicine. Public 

health genomics. 2015; 18(3): 131-138. 

6. Tannock IF┸ Hickman JA┻ Limits to Personalized Cancer Medicine┻ 
NEJM. 2016; 375(13):1289-94

7. de Bruijn W┸ Ibanez C┸ Frisk P┸ et al┻ Introduction and Utilization of 
High Priced HCV Medicines across Europe; Implications for the Future┻ Frontiers in pharmacology┻ にどなは┹ ば┺なひば┻

8. Werner CR, Schwarz JM, Egetemeyr DP, et al. Second-generation direct-acting┽antiviral hepatitis C virus treatment┺ Efピicacy┸ safety┸ and predictors 
of SVR12. World journal of gastroenterology. 2016; 22(35):8050-9.

9. Benes C┻ Functionalizing genomic data for personalization of 
medicine. Clin Pharmacol Therapeut. 2013; 93:309-11.

10. Davis C┸ Lexchin J┸ Jefferson T┸ et al┻ ╉Adaptive pathways╊ to drug 
authorisation: adapting to industry? BMJ open. BMJ. 2016; 354:i4437.

11. Ermisch M, Bucsics A, Vella Bonanno P, et al. Payers� Views of the 

Changes Arising through the Possible Adoption of Adaptive Pathways. Frontiers in Pharmacology にどなは┻ にどなは┹ ば Article ぬどの┺ な┽ひ┻
12. European Commission. Towards an International Consortium for 

Personalised Medicine (IC PerMed (2016)

13. Estape EA, Mays MH, Sternke EA. Translation in Data Mining to 

Advance Personalized Medicine for Health Equity. Intelligent 

Information Management. 2016; 8(01):9.

14. Obermeyer Z┸ Emanuel EJ┻ Predicting the Future ┽ Big Data┸ Machine 
Learning, and Clinical Medicine. NEJM. 2016; 375(13):1216-9.

15. Malmstrom RE, Godman BB, Diogene E, et al. Dabigatran - a case 

history demonstrating the need for comprehensive approaches to optimize the use of new drugs┻ Frontiers in pharmacology┻ にどなぬ┹ ね┺ぬひ┻
16. Kantarjian HM┸ Fojo T┸ Mathisen M┸ et al┻ Cancer drugs in the United 

States: Justum Pretium--the just price. Journal of clinical oncology. 

2013; 31(28):3600-4. doi:10.1200/jco.2013.49.1845

17. Howard DH, Bah P, Berndt ER, et al. Pricing in the Market for Anticancer 

Drugs. Journal of Economic Perspectives. 2015; 29(1):139-62.



Godman B, Frost I, Harrington R, Finlayson AE. J Rare Dis Res  Treat.  2016 1(3): 61-65 Journal of Rare Diseases Research & Treatment

Page 65 of 65

18. Tefferi A, Kantarjian H, Rajkumar SV, et al. In Support of a Patient-

Driven Initiative and Petition to Lower the High Price of Cancer Drugs. 

Mayo Clinic proceedings Mayo Clinic. 2015.

19. Miller I┸ Ashton┽Chess J┸ Fert V┸ et al┻ Market access challenges in the 
EU for high medical value diagnostic tests. Personalised Medicine. 

2011; 8:137-48.

20. Mullard A┻ にどなな FDA drug approvals┻ Nature reviews┻ Drug discovery┻ 
2012; 11(2):91-4.

21. Godman B, Malmstrom RE, Diogene E, et al. Are new models needed 

to optimize the utilization of new medicines to sustain healthcare 

systems? Expert review of clinical pharmacology. 2015; 8(1):77-94.

22. Stover DG┸ Bell CF┸ Tolaney SM┻  Neoadjuvant and Adjuvant 
Chemotherapy Considerations for Triple-Negative. Breast Cancer. The 

american journal of hematology/oncology. 2016; 12(3):1-12. 

23. Davis SL, Eckhardt SG, Tentler JJ, et al. Triple-negative breast cancer: 

bridging the gap from cancer genomics to predictive biomarkers. 

Therapeutic advances in medical oncology. 2014; 6(3):88-100.

24. Teutsch S, Bradley L, Palomaki G, et al. The Evaluation of Genomic 

Applications in Practice and Prevention (EGAPP) initiative: methods 

of the EGAPP Working Group. Genetics in medicine. 2009; 11:3-14.

25. Frank M┸ Mittendorf T┻ Inピluence of Pharmacogenomic Proピiling Prior 
to Pharmaceutical Treatment in Metastatic Colorectal Cancer on Cost 

Effectiveness - A Systematic Review. PharmacoEconomics. 2013; 

31:215�28.

26. Collins FS┸ Varmus D┻ A New Initiative on Precision Medicine┻  Engl J 
Med. 2015; 372:793-795.

27. Telenti A, Pierce LCT, Biggs WH, et al. Deep sequencing of 10,000 

human genomes. PNAS. 2016; 113(42):11901-11906.

28. IBM 2016. Availabe at URL: http://www.ibm.com/watson/health/

oncology/genomics/

29. Rock Health┻ The Emerging Inピluence of Digital Biomarkers on 
Healthcare. Available at URL: https://rockhealth.com/reports/the-emerging┽inピluence┽of┽digital┽biomarkers┽on┽healthcare【

30. Levenson D. 23andMe markets carrier screening service directly to 

consumers. Am. J. Med. Genet. 2016; 170: 293�294.

31. The Health eHeart Study┸ UCSF┻ Available at URL┺ https┺【【www┻health┽
eheartstudy.org/

32. Kesselheim AS, Myers JA, Solomon DH, et al. The prevalence and cost 

of unapproved uses of top-selling orphan drugs. PloS one. 2012; 

7(2):e31894.

33. Simoens S, Picavet E, Dooms M, et al. Cost-effectiveness assessment of orphan drugs┺ a scientiピic and political conundrum┻ Applied health 
economics and health policy. 2013; 11(1):1-3.

34. Hughes-Wilson W, Palma A, Schuurman A, et al. Paying for the Orphan 

Drug System: break or bend? Is it time for a new evaluation system 

for payers in Europe to take account of new rare disease treatments? 

Orphanet journal of rare diseases. 2012; 7:74.

35. Stanek E, Sanders C, Taber K, et al. Adoption of pharmacogenomics 

testing by US physicians: results of a nationwide survey. Clin 

Pharmacol ther. 2012; 91:450-8.

36. Drobniewski F┸ Cooke M┸ Jordan J┸ et al┻ Systematic review┸ meta┽
analysis and economic modelling of molecular diagnostic tests for 

antibiotic resistance in tuberculosis. Health Technology Assessment. 

2015; 19(34):1�188.

37. Witney AA, Gould KA, Arnold A, et al. Clinical application of 

whole-genome sequencing to inform treatment for multidrug-

resistant tuberculosis cases. Journal of Clinical Microbiology. 2015; 

53(5):1473�1483.

38. Harris SR, Cartwright EJ, Török ME, et al. Whole-genome sequencing 

for analysis of an outbreak of meticillin-resistant Staphylococcus 

aureus: A descriptive study. The Lancet Infectious Diseases. 2013; 

13(2):130�136. 

39. Punina NV, Makridakis NM, Remnev MA, et al. Whole-genome 

sequencing targets drug-resistant bacterial infections. Human 

genomics. 2015; 9:19.

40. Md Rezal RS, Hassali MA, Alrasheedy AA, et al. Physicians� knowledge, 

perceptions and behaviour towards antibiotic prescribing: a 

systematic review of the literature. Expert review of anti-infective 

therapy. 2015; 13(5):665-80.

41. WHO. Antimicrobial Resistance Global report on Surveillance. 2014 

Summary. Available at URL:  http://www.who.int/drugresistance/

publications/infographic-antimicrobial-resistance-20140430.

pdf?ua=1

42. Köser CU, Ellington MJ, Peacock SJ. Whole-genome sequencing to 

control antimicrobial resistance. Trends in genetics: TIG. 2014; 

30(9):401�407.

43. Sun J, Chang EB. Exploring gut microbes in human health and disease: 

Pushing the envelope. Genes & Diseases. 2014; 1(2):132�139.

44. Cho I, Blaser MJ. The human microbiome: at the interface of health 

and disease. Nature Reviews Genetics. 2012; 13(4):260�270. 

45. Bubnov RV, Spivak MY, Lazarenko LM, et al. Probiotics and immunity: 

provisional role for personalized diets and disease prevention. The 

EPMA journal. 2015; 6(1):14. 

46. Zmora N, Zeevi D, Korem T, et al. Taking it Personally: Personalized 

Utilization of the Human Microbiome in Health and Disease. Cell Host 

and Microbe. 2016; 19(1):12�20.

47. Koleva PT, Bridgman SL, Kozyrskyj AL. The infant gut microbiome: 

Evidence for obesity risk and dietary intervention. Nutrients. 2015; 

7(4):2237�2260.

48. Mitchell S, Shaw D. The worldwide epidemic of female obesity. 

Best practice & research Clinical obstetrics & gynaecology. 2015; 

29(3):289-99.

49. Gevers D, Kugathasan S, Denson LA, et al. The treatment-naive 

microbiome in new-onset Crohn�s disease. Cell Host and Microbe. 

2014; 15(3):382�392.

50. Li H, Jia W. Cometabolism of microbes and host: implications for drug 

metabolism and drug-induced toxicity. Clinical pharmacology and 

therapeutics. 2013; 94(5):574�81.

51. Philpott DJ, Piquette-Miller M. The Bugs Within Our Body: The Human 

Microbiota. Clinical Pharmacology and Therapeutics. 2016; 99(6):570�

574.

52. Ghinea N, Kerridge I, Lipworth W. If we don�t talk about value, cancer 

drugs will become terminal for health systems. Available at URL: 

http://theconversation.com/if-we-dont-talk-about-value-cancer-

drugs-will-become-terminal-for-health-systems-44072.

53. The price of drugs for chronic myeloid leukemia ゅCMLょ is a reピlection 
of the unsustainable prices of cancer drugs: from the perspective of a 

large group of CML experts. Blood. 2013; 121(22):4439-42.


	Title
	Correspondence
	ABSTRACT
	Introduction
	Objectives and definitions

	Key considerations
	General considerations 
	Biomarkers  
	Challenges and concerns for routine use of diagnostic tests
	Key issues for healthcare and funding bodies

	Future 
	Personalised medicine for infection - Drug resistance testing
	The role of the microbiome in personalised medicine
	Funding and other issues

	Conclusions 
	Conflicts of interest
	References

