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    Chapter 3   
 What Is the Future of Pharmacovigilance 
 and How Can We Make It as Good as Possible?  

 Get the ADR Phenotype “Right”                     

     Bruce     Carleton    

      Pharmacovigilance is a scientifi c discipline that is underrecognized in its impor-
tance for improving understanding of drug effects in humans. It excels as a vehicle 
for detecting safety concerns particularly those early in the post-market phase after 
prescription drug approval. This is the time in the life cycle of a drug when manu-
facturers are required by regulatory agencies to provide adverse drug reaction 
(ADR) reports and the time when clinicians are gaining experience with new 
agents and are more likely to report ADRs [ 20 ]. The reporting of cases of drug-
induced harm and subsequent analysis of such data is a critical part of population 
health surveillance, given the frequency of the use of drug therapy as a medical 
intervention. 

 The limitations of pharmacovigilance activities are well understood and include 
faint signals for many rare but serious ADRs. As well, many causal probabilities to 
ADR signals exist. For example, concomitantly used medications and active disease 
processes can make the ability to say defi nitively that an observed reaction is caused 
by a specifi c drug much more diffi cult. However, such possible confounders are not 
always apparent at the time pharmacovigilance processes are under way or known 
to pharmacovigilance scientists and may therefore be missed. A signifi cant limita-
tion is the quality of the ADR case report information. Lack of critical information 
in submitted reports remains a serious concern in pharmacovigilance science. 
Collecting high-quality data for more ADR reports is just part of a positive future 
for this science. But to fully appreciate the power and potential of pharmacovigi-
lance as a scientifi c discipline, we need to go beyond the case report and epidemio-
logical analysis of population risk. 
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3.1     Quantifying Drug-Related Harm for Patients 

 The future of pharmacovigilance is tied to not just fi nding drug-related problems 
(in essence, reporting ADRs) but identifying solution strategies to avoid drug harm. 
With solution strategies comes wider acceptance of the importance of the discipline 
of pharmacovigilance. Most clinicians are not particularly interested in drug-related 
harm because the most serious risks are infrequent and treatment decisions are 
already taken seriously, with some thought about the potential for harm to occur. 
This means that there is a level of acceptance of the risk of drug harm by clinicians 
before prescribing begins. Knowing that an ADR has occurred in a given patient 
then is not generally unexpected. However, by quantifying risk versus benefi t in 
increasingly objective ways (e.g., ADR risk prediction modeling in specifi c 
patients), clinicians can better understand an individual patient’s propensity for drug 
harm. This is also what patients want – better defi ned risk information, relevant to 
them specifi cally – before they decide to take a drug that was prescribed. Patient- 
specifi c drug risk prediction helps to defi ne which patients are at increased risk, an 
important fi rst step in fi nding solutions to drug-induced harm. Pharmacovigilance 
science, as it stands, is therefore the fi rst critical step of drug safety solutions. 
Moving the central focus of pharmacovigilance from signal detection to solution 
fi nding is the future for this scientifi c discipline. A side benefi t of this approach is 
that medication adherence will likely be enhanced in those patients for whom the 
risk of ADRs is of signifi cant concern when the level of risk is more objectively 
defi ned. 

  This drug safety   solution-fi nding   approach assures the future of pharmacovigi-
lance by demonstrating to those who most need to understand its virtues and the 
opportunities it affords – patients, clinicians, and regulators – that it can improve 
the safe use of drugs in patients, not just illustrate what harms can occur from spe-
cifi c drugs.   

3.2     Communicating Drug Risk 

 Drug risk communication is focused on population risk. “Dear Health Professional” 
letters often encompass statements such as “In worldwide clinical trials of drug X 
involving 16,450 patients, reports of reaction Y have been received for 14 patients.” 
As a clinician, such a Dear Health Professional letter is fi led in the round bin under 
my desk. Why? Because an incidence of 0.09 % means I will likely never see this 
reaction in my clinical practice. It is not meaningful to clinicians to see very small 
numbers that refl ect  population  risk and not an  individual patient’s  risk. Clinicians 
don’t treat populations of patients but instead individual patients one at a time. 
They need risk information that compliments this individualized approach to 
health care. Patients ideally need the same thing – an individual assessment of 
 their  risk of an adverse drug reaction – not just population estimates of risk. When 
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examining population risk estimates, we tend to think of what the “average” 
patient might experience or imagine ourselves being the average patient. But how 
average we are depends on things we may not know about or are beyond our con-
trol, like our genetic makeup. How, then, can we communicate the risk of drug 
harm to individual patients in the most meaningful way? To answer this question, 
we fi rst need to understand how differently patients respond to the same drug at the 
same dose.  

3.3     Heterogeneity of Patient Response 

 Heterogeneity of patient response to drug therapy is well known, but not well 
 understood despite years of pharmacovigilance detective work. Risk factors for 
drug harm are almost always known. Some are obvious – for example, most ADRs 
are concentration (dose) dependent – but for many drugs, differential risk of ADRs 
between patients is not well defi ned. Objectively quantifying and cataloging drug 
response heterogeneity such that clinicians can compare and contrast therapeutic 
choices would help tremendously in capturing the enthusiasm of clinicians in build-
ing better pharmacovigilance systems.  Pharmacovigilance needs to give clinicians 
what they need.  But cataloging responses can be diffi cult, particularly if patient 
outcomes are not objectively measured in the same way or with tools of unknown 
validity. 

 The lack of critical data in drug safety reports is an ever-present problem in phar-
macovigilance. Clinicians are of particular value in drug safety reporting because 
they are generally in the best position to observe and describe patient response. But 
clinicians have other health-care priorities with busy schedules and little spare time. 
Properly quantifying drug response requires time and energy to note concomitant 
drug therapy, doses of all agents, comorbid conditions – all of which can and do 
infl uence therapeutic response – as well as many other factors. It is important to 
remember that clinicians are also rarely experts in pharmacovigilance nor see ADR 
reporting as a primary role.  

3.4     Patient-Focused Risk Communication 

 Clinicians are patient focused and therefore require a patient-focused management 
strategy or solution for ADRs. Risk communication from pharmacovigilance 
 professionals must increasingly fi ll this need if the future is to remain bright. 
If pharmacovigilance can provide  patient-specifi c risk information , then reporting 
and  quality  of reporting will ensue with very little effort. Clinicians and patients will 
see the high value of ADR reporting when they see this information being brought 
back to them, formulated in a way they can use or benefi t from it. For example, 
showing which patients are at increased risk and not just that a given drug has an 
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ADR risk. Clinicians, when completing ADR reports, will then begin to ask them-
selves, “what information do pharmacovigilance professionals need such that more 
patient- specifi c risk information reports can be generated?” instead of providing 
what they think pharmacovigilance experts need. There is a signifi cant difference 
between these two approaches to providing drug safety information. The latter – 
clinicians providing ADR information based on what they think pharmacovigilance 
centers need – happens because they are completing the reports on the basis of what 
they believe will be done with it. If, for example, they imagine reports grouped by 
generic drug name and a broad reaction descriptor, then this is the specifi c informa-
tion they will provide. ADR report-based literature generally focuses on ADR risk 
descriptions in this fashion. 

  The future of pharmacovigilance is based on clinicians getting what they need to 
make more informed treatment decisions for the patients they care for. The best 
advocates for pharmacovigilance are those that are served well by it.   

3.5     Quality of ADR Data 

 Quality of the drug harm data used in epidemiological analyses is often poor and 
dependent on detailed cases provided mostly by “volunteer” clinicians or patients 
whose primary mandate is not to fi nd solutions to these problems but only to 
report them. They generally see their pharmacovigilance mandate as  identifying  
cases of drug harm. They can often reject the mandate to report a reaction by 
convincing themselves that the case is not clearly drug related and therefore not 
really reportable. Pharmacovigilance professionals often ask for all potential drug 
reaction reports precisely to prevent this fi ltering by health-care professionals 
who do not have the pharmacological background to make a proper causality 
assessment. 

  The future of pharmacovigilance depends on fi nding new ways to integrate clini-
cian  “ volunteers” in this scientifi c discipline such that solutions to drug harm can 
be found.  

 The very next steps the discipline of pharmacovigilance must face are to identify 
how drug-induced harm should be best managed, how high-risk groups of patients 
can increasingly be identifi ed before drug therapy commences, and perhaps most 
importantly, what therapeutic options should be considered when drug harm is 
likely to result in a tragic outcome. This “drug-safety-solutions-strategy” approach 
is best managed by pharmacovigilance professionals who are without question the 
best professionals to help characterize ADRs and build this solution strategy. That 
said, clinicians can help through the submission of better-characterized case reports 
which will come from them when they see more value in their reporting of ADRs. 
The value they see in ADR reporting comes when it helps the patients they serve. 
This is why fi nding solutions to drug safety problems needs to become the new 
mantra in the science of pharmacovigilance.  
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3.6     Active Surveillance 

 One important contribution of the epidemiological science of drug harm is that 
safety signals can be found needing regulatory or clinical action. But to ascertain the 
specifi c role of the drug to the development of an ADR (e.g., versus a concomitant 
disease), more than a compilation of ADR case reports is required. Detailed (and 
time-consuming) clinical characterization of the adverse event and temporal rela-
tionships in each case must be accomplished. Such “deep phenotyping” requires a 
specifi c type of pharmacovigilance. Active surveillance can be used to develop 
better-defi ned cases once an epidemiological signal is found, and this surveillance 
approach can help overcome epidemiological confounding. 

 Active surveillance is simply a method of pharmacovigilance but advanced by the 
use of trained surveillors who have standard case defi nitions by which to record criti-
cal data related to the ADR. As well, data are collected in real time as reactions occur 
or are uncovered during quality assurance initiatives, and the data can be collected 
over time, and treatment and management strategies to deal with the ADR are utilized. 
 ADR reporting is not just a point estimate for harm but an examination of the drug-
induced harm over its entire course in the patient.  We need to understand harm – in 
whom, when it is likely to occur in treatment, and what makes patients who experience 
it different from those who do not. This requires that pharmacovigilance scientists col-
lect comprehensive data on each ADR case. Active surveillance is not about collecting 
large amounts of data on patient drug experience, but instead collecting the right type 
of data and thereby creating well-phenotyped cohorts of patients from which further 
analyses and investigations can begin. For example, from such well-phenotyped data, 
pharmacogenomic determinants of drug-induced harm can be determined. This then 
leads to understanding genetic predisposition as well as the mechanistic basis of the 
ADR. This can lead to risk avoidance strategies in clinical care (e.g., not using a drug 
if the risk of serious harm is high) or even new therapeutic approaches to avoid ADRs 
or prevent them with concomitant agents to protect against harm. 

 We need a method to improve the quality of pharmacovigilance data. Active sur-
veillance can help. Much of current epidemiological methods are to overcome the data 
quality problem with larger datasets.  “Small data” – data which are well constructed 
around a specifi c question – are likely better than “big data” in getting us to an 
understanding of what determinants are important in improving the safe use of drugs.   

3.7     Utilizing Pharmacogenomic Methods 
in Pharmacovigilance 

 Pharmacogenomic methods can also be employed to fi nd genetic causes of drug 
harm, create risk prediction models to inform patients, and overall avoid harm in 
patients for whom therapeutic alternatives exist. Only expert-conducted pharmaco-
vigilance can provide the appropriate background data surrounding the adverse 
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event upon which to build the genetic analyses and risk-of-drug-reaction prediction 
models. Some examples are the following. 

 Codeine, a weak analgesic, is commonly used for the treatment of mild pain. 
Interindividual variability in codeine analgesia is in large part related to functional 
polymorphisms in the CYP2D6, with resultant morphine formation ranging from 
0 to 75 % of total codeine metabolism [ 5 ]. There are currently over 150 allelic vari-
ants and subvariants of varying functional activity identifi ed for CYP2D6 (CYP2D6 
allele nomenclature committee webpage:   http://www.cypalleles.ki.se/cyp2d6.htm     
[ 4 ]). Traditionally, CYP2D6 enzymatic activity has been determined by the urinary 
metabolic ratio of a specifi c CYP2D6 substrate to its  O -demethylated metabolite. 
Subsequently, genotyping methods have classifi ed the population into four pheno-
typic groups: poor metabolizer (PM), intermediate metabolizer (IM), extensive 
metabolizer (EM), and ultra-rapid metabolizer (UM) [ 11 ]. Presently,  CYP2D6  geno-
type cannot fully predict phenotype. Concomitant use of a CYP2D6 inhibitor that 
may mimic a poor metabolizer phenotype leads to discordance between the genotype- 
to-phenotype predictions [ 11 ]. The majority of codeine-related deaths have concomi-
tant drugs detected on the toxicological screen, making it diffi cult to determine if the 
death is attributed to codeine alone or multidrug use [ 9 ]. Understanding the com-
bined role of genetic factors and drug-drug interactions contributing to these mortali-
ties is likely to provide valuable information for the interpretation of circumstances 
around death, may help toxicologists and coroners decipher the cause of death, and 
may prevent future codeine-related fatalities from occurring. 

 Cisplatin is an effective chemotherapeutic agent used for a variety of solid organ 
malignancies in children and adults. Ten to twenty percent of all cancer patients 
receive cisplatin [ 17 ]. However, its use is limited by the high incidence of adverse 
drug reactions, including irreversible ototoxicity, peripheral neuropathy, and neph-
rotoxicity [ 2 ,  12 ,  21 ]. Cisplatin-induced hearing loss is an especially pervasive 
problem as it affects 40–60 % of pediatric patients and hearing loss at an early 
developmental age and can hamper the speech, cognitive, and social development of 
a child [ 6 ]. Strikingly, cisplatin-induced hearing loss shows signifi cant interindi-
vidual variation; some patients are susceptible at any dose, while others do not 
experience toxicity at very high doses. Such wide variability implies a genetic basis 
underlying the ADR, and some genetic fi ndings have been published [ 13 ,  15 ], but 
more work remains to be done to understand how these identifi ed variants infl uence 
both cisplatin toxicity and its effectiveness as a chemotherapeutic agent. 

 Anthracyclines are highly effective and commonly used chemotherapeutic agents 
to treat adult and childhood leukemia and various solid tumors. Sixty percent of all 
childhood malignancies and more than 50 % of breast cancer patients each year 
receive anthracyclines [ 3 ,  14 ]. Their clinical utility is primarily limited by an indi-
vidually variable, cumulative dose-dependent cardiac toxicity, manifesting as 
asymptomatic cardiac dysfunction in up to 57 % of treated patients and restrictive or 
dilated cardiomyopathy resulting in congestive heart failure in 16–20 % of treated 
patients [ 7 ,  8 ,  10 ,  18 ,  19 ]. The development of a predictive clinical and genetic risk 
model would aid in the screening, prevention, monitoring, and management of this 
serious adverse reaction. At least 21 genes associated with anthracycline-induced 
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cardiotoxicity have been identifi ed [ 1 ]. Knowledge of these genes would improve 
our understanding of the mechanistic basis of the pathogenetic mechanisms for 
anthracycline-induced cardiotoxicity and could signifi cantly improve our ability to 
predict in whom cardiotoxicity will occur. 

 Despite substantial evidence supporting a pharmacogenetic approach to warfarin 
therapy in adults, evidence on the importance of genetics in warfarin therapy in 
children is limited. The contribution of  CYP2C9/VKORC1/CYP4F2  genotypes and 
variation in other genes involved in vitamin K and coagulation pathways to warfarin 
dose and related outcomes in children have recently been published [ 16 ]. 
Associations between  CYP2C9/VKORC1/CYP4F2  genotypes and therapeutic dose, 
time to therapeutic international normalized ratio (INR), time to over- anticoagulation, 
and incidence of adverse drug reactions have been found [ 16 ]. Evidence to date 
shows an increased sensitivity to warfarin in  VKORC1  and  CYP2C9  variant allele 
carriers, emphasizing the diagnostic signifi cance of predictive genotyping.  

3.8     Linking Pharmacovigilance with Pharmacogenomics 

 The work of pharmacogenomics science depends entirely on the work of pharmaco-
vigilance science. Without proper phenotyping of a patients’ ADR, careful, detailed 
characterization of the adverse drug reaction (also known as  “ deep” phenotyping), 
identifying genetic variants of relevance to clinicians, is unlikely to occur. Drug bio-
transformation is a complex process of multiple pathways and in some cases satura-
ble ones, whereby other pharmacokinetic pathways are used in part or in full. This 
makes the future of pharmacovigilance very bright. The decoding of the human 
genome holds great promise, but the use of genomic data to decode human drug 
response relies entirely on the quality of the drug use and outcome data that underlies 
such associations. A number of things can alter gene expression (e.g., diet, age, which 
would be captured with rigorous pharmacovigilance), but these are likely to have 
milder effects on drug response compared to genetic mutations. The value of pharma-
cogenomic information can only be found if rigorous pharmacovigilance precedes it.  

3.9     New Drug Development or Drug Repurposing 

 One principal reason that pharmacovigilance science has not had the impact in 
patient care that it could have is the lack of a specifi c focus on fi nding solutions to 
drug-induced harm. If the mechanistic basis of ADRs can be found, then drugs 
developed that preserve effi cacy and reduce toxicity are at least hypothetically pos-
sible to produce by avoiding these mechanistic pathways. As well, existing drugs 
that, for example, target key pathways of drug toxicity may be able to be success-
fully used to prevent toxicity of existing agents that are effective and produce posi-
tive drug outcomes but signifi cant harm in some.  
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3.10     Assuring Pharmacovigilance’s Positive Future 

 What is needed for the positive future of pharmacovigilance science is to move from 
considering it an independent science into one that is only really valuable if it is a 
part of achieving the most important outcome – a better way to predict and prevent 
ADRs in susceptible patients. 

 One model to accomplish this is to link the work of pharmacovigilance with the 
work of pharmacogenomics (Fig.  3.1 ). This model has four distinct phases:

     1.    The  discovery  of genetic variants that put patients at risk of specifi c ADRs or 
protect them from drug-related harm   

   2.    The  replication  of these discoveries to ensure generalizability of fi ndings and 
 validation  of why the identifi ed variants mechanistically lead to an ADR or 
reduce its chance of occurring   

   3.    The  translation  of fi ndings into clinical practice   
   4.    The creation of a sustainability plan to allow the process to work in perpetuity    

   Commercialization  of the research allows the fi ndings to be brought into 
widespread use. The profi ts from which are then fed back into the model to sup-
port the next pharmacovigilance work that leads to the next genetic discoveries, 
and so on. 

 The training of highly qualifi ed personnel is at the center of this model, whereby 
personnel are trained in all relevant domains of the wheel to ensure drug safety 
solutions are developed. This is distinct from accomplishing just one task, such as 
developing pharmacovigilance activities that stand alone. Importantly, the model 
begins with patient- and clinician-recognized ADRs of interest and returns back to 

  Fig. 3.1    The Canadian 
Pharmacogenomics 
Network for Drug Safety 
wheel model for 
developing solutions to 
drug safety problems       
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them better ways to predict and prevent the ADRs they are most concerned about. 
This circular approach helps ensure that patient and clinician interests are 
addressed – an important determinant to ensuring uptake of the resulting research 
into clinical care.  

3.11     Concluding Thoughts 

 Get the phenotype “right” for ADRs. This requires far more than meeting minimum 
ADR reporting requirements but a fundamental rethinking of the reason for phar-
macovigilance in the fi rst instance. Is it to record and report ADRs or fi nd solutions 
to drug-induced harm? The latter has staying power for pharmacovigilance sci-
ence – clinicians and institutions want solutions, most importantly, so do patients. 

 If dedicated pharmacovigilance professionals are employed to do the important 
work of properly phenotyping adverse drug reactions, we can fi nd solutions to drug 
safety problems through new genomic technologies that can help us characterize 
patients based on risk and develop predictive models of drug harm. Armed with 
such genomic data, the mechanistic basis of these ADRs can be found, and new 
therapeutic approaches can be explored to minimize harm through drug develop-
ment or drug repurposing. 

 The future of pharmacovigilance is bright as long as we meet the needs of the 
patients, clinicians, and institutions that we serve.     

   References 

    1.   Aminkeng F, Amstutz U, Rassekh SR, Dionne F, Hwang S, Rieder MJ, Fung V, Bhavsar AP, 
Smith A, Brunham L, Ross CJ, Hayden MR, Carleton BC Recommendations for genetic testing 
to reduce the incidence of anthracycline-induced cardiotoxicity (submitted for publication)  

    2.    Brock P, Bellman S (1991) Ototoxicity of cisplatinum. Br J Cancer 63(1):159–160  
    3.    Crozier JA, Swaika A, Moreno-Aspitia A (2014) Adjuvant chemotherapy in breast cancer: to 

use or not to use, the anthracyclines. World J Clin Oncol 5(3):529–538  
    4.   Sim SC, Ingelman-Sundberg M (2010) The human cytochrome P450 (CYP) allele nomencla-

ture website: a peer-reviewed database of CYP variants and their associated effects. Hum 
Genomics 4(4):278–281. Retrieved from url   http://www.cypalleles.ki.se/cyp2d6.htm      

    5.    Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini S, Dayer P, Desmeules J (2004) Codeine intoxi-
cation associated with ultrarapid CYP2D6 metabolism. N Engl J Med 351(27):2827–2831  

    6.    Knight KR, Kraemer DF, Neuwelt EA (2005) Ototoxicity in children receiving platinum che-
motherapy: underestimating a commonly occurring toxicity that may infl uence academic and 
social development. J Clin Oncol 23(34):8588–8596  

    7.    Kremer LC, van der Pal HJ, Offringa M, van Dalen EC, Voute PA (2002) Frequency and risk 
factors of subclinical cardiotoxicity after anthracycline therapy in children: a systematic 
review. Ann Oncol 13(6):819–829  

    8.    Kremer LC, van Dalen EC, Offringa M, Voute PA (2002) Frequency and risk factors of 
anthracycline- induced clinical heart failure in children: a systematic review. Ann Oncol 
13(4):503–512  

3 What Is the Future of Pharmacovigilance and How Can We Make It as Good

http://www.cypalleles.ki.se/cyp2d6.htm


30

    9.    Lam J, Woodall KL, Solbeck P, Ross CJ, Carleton BC, Hayden MR, Koren G, Madadi P 
(2014) Codeine-related deaths: the role of pharmacogenetics and drug interactions. Forensic 
Sci Int 239:50–56  

    10.    Lefrak EA, Pitha J, Rosenheim S, Gottlieb JA (1973) A clinicopathologic analysis of adriamy-
cin cardiotoxicity. Cancer 32(2):302–314  

     11.    Madadi P, Amstutz U, Rieder M, Ito S, Fung V, Hwang S, Turgeon J, Michaud V, Koren G, 
Carleton B (2013) CPNDS Clinical Recommendations Group. Clinical practice guideline: 
CYP2D6 genotyping for safe and effi cacious codeine therapy. J Popul Ther Clin Pharmacol 
20(3):e369–e396  

    12.    McWhinney SR, Goldberg RM, McLeod HL (2009) Platinum neurotoxicity pharmacogenet-
ics. Mol Cancer Ther 8(1):10–16  

    13.    Rassekh SR, Ross CJD, Carleton BC, Hayden MR (2013) Cancer pharmacogenomics in chil-
dren: research initiatives and progress to date. Paediatr Drugs 15(2):71–81  

    14.   Ries LAG, Smith MA, Gurney JG, Linet M, Tamra T, Young JL, Bunin GR (eds) (1999) 
Cancer incidence and survival among children and adolescents: United States SEER Program 
1975-1995, National Cancer Institute, SEER Program. NIH Pub. No. 99-4649. National 
Cancer Institute, Bethesda  

    15.    Ross CJ, Katzov-Eckert H, Dubé MP, Brooks B, Rassekh SR, Barhdadi A, Feroz-Zada Y, 
Visscher H, Brown AM, Rieder MJ, Rogers PC, Phillips MS, Carleton BC, Hayden MR, 
CPNDS Consortium (2009) Genetic variants in TPMT and COMT are associated with hearing 
loss in children receiving cisplatin chemotherapy. Nat Gen 14(12):1345–1349  

     16.    Shaw K, Amstutz U, Hildebrand C, Rassekh SR, Hosking M, Neville K, Leeder JS, Hayden MR, 
Ross CJ, Carleton BC (2014) VKORC1 and CYP2C9 genotypes are predictors of warfarin- 
related outcomes in children. Pediatr Blood Cancer 61(6):1055–1062  

    17.   U.S. Department of Health and Human Services, National Institute of Health, National Cancer 
Institute (2014) Platinum-based treatment for cancer: the discovery of cisplatin. Retrieved 
from   http://www.cancer.gov/research/progress/discovery/cisplatin      

    18.    van der Pal HJ, van Dalen EC, Hauptmann M, Kok WE, Caron HN, van den Bos C, 
Oldenburger F, Koning CC, van Leeuwen FE, Kremer LC (2010) Cardiac function in 5-year 
survivors of childhood cancer: a long-term follow-up study. Arch Intern Med 170(14):
1247–1255  

    19.    Von Hoff DD, Layard MW, Basa P, Davis HL Jr, Von Hoff AL, Rozencweig M, Muggia FM 
(1979) Risk factors for doxorubicin-induced congestive heart failure. Ann Intern Med 
91(5):710–717  

    20.    Weber J (1984) Epidemiology of adverse reactions to nonsteroidal anti-infl ammatory drugs. 
Adv Infl amm Res 6:1–7  

    21.    Yao X, Panichpisal K, Kurtzman N, Nugent K (2007) Cisplatin nephrotoxicity: a review. Am 
J Med Sci 334(2):115–124    

B. Carleton

http://www.cancer.gov/research/progress/discovery/cisplatin

	Chapter 3: What Is the Future of Pharmacovigilance and How Can We Make It as Good as Possible?
	3.1 Quantifying Drug-Related Harm for Patients
	3.2 Communicating Drug Risk
	3.3 Heterogeneity of Patient Response
	3.4 Patient-Focused Risk Communication
	3.5 Quality of ADR Data
	3.6 Active Surveillance
	3.7 Utilizing Pharmacogenomic Methods in Pharmacovigilance
	3.8 Linking Pharmacovigilance with Pharmacogenomics
	3.9 New Drug Development or Drug Repurposing
	3.10 Assuring Pharmacovigilance’s Positive Future
	3.11 Concluding Thoughts
	References


