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Chapter 12:

General discussion and future perspectives
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General discussion and future perspectives

Rheumatoid arthritis (RA) is a chronic autoimmune disease, which is characterized by inflamma-
tion leading to destruction and impairment of principally the joints. Treatment is aiming at limiting
the progress of disease activity and involves the use of disease-modifying antirheumatic drugs
(DMARDs) including methotrexate (MTX) and Tumor Necrosis Factor (TNF) inhibitors. Many
clinical trials have demonstrated successful results with these classes of drugs underlining their
suitability in the tight scheduled management of RA’s disease progress. However, a considerable
proportion of the patients do not experience a positive response. Especially, these patients are at risk
of developing progressive and erosive RA. In the light of optimal management of individual patients,
the idea of a priori prediction of drug response is considered an important achievement. It will ena-
ble physicians to readily select those patients sensitive to certain drug regimens and thereby mini-
mizing irreversible joint dysfunction existing in severe untreated RA. Hereby, an important role is
being played by pharmacogenetics as it is thought that drug response is, at least partly, a heritable
trait.

Important progress has been made regarding pharmacogenetics in rheumatology in the last decade.
Basically, explorative studies focusing on the pharmacokinetics and pharmacodynamics of anti-
rheumatic agents have contributed to the introduction of new genetic markers. Still, consensus re-
garding their potential implication has not been reached. It is observed from previous research
(chapters 2 and 8) and from the results presented in this thesis that definitive conclusions regard-
ing the influence of genetics on treatment outcome to DMARDs can not be drawn. These differences
in outcome are the result of a several factors, in which variance in study design plays an important
role.

In this discussion a focus is placed on the interpretation and implication of potential pharmacoge-
netic findings. Hereby, answers are sought to the following questions: “What are the major points of
concern in RA study design contributing to interpretation difficulties of pharmacogenetic results?”
and “Which factors could be of influence in the implementation of proven genetic associations in
rheumatology clinical practice?” Furthermore, an ideal study proposal for a prospective study con-
cerning MTX and TNF inhibitors in RA is presented, in which strategy for therapy is guided by
pharmacogenetics. In figure 1, a schematic overview of this chapter is provided.

Design and interpretation of pharmacogenetic studies

Power and sample size

In general, appropriate sample size is characterized by consideration of statistical power, which is
the probability of correctly rejecting the null hypothesis in favor of the alternative hypothesis. Power
analysis comprises selection of a sample size large enough to identify either a relation or effect size
(1). Power calculation is optimally performed prior to analysis. In chapter 10, efficacy of treatment
with adalimumab was associated with genetic variants related to the mechanism of action of TNF
inhibitors and/or inflammatory process of RA. A power calculation analysis was performed to rec-
ognize the range of power in which the minimal allele frequencies (MAF) of the selected single nuc-
leotide polymorphism (SNPs) would fall to find specific odds ratios (OR). In figure 2, this range is
presented. With the appliance of a power calculation it was demonstrated that for a patient popula-
tion of 325 patients, minimal allele frequencies (MAF) ranging from 10% to 50%, a response of 45%
and a chosen type 1 error probability 0=0.05, a power of >80% could be achieved to detect an odds
ratio ranging from 1.4 (MAF of 50%- line A) to 2.0 (MAF of 10%- line B) (figure 2). Line C
represents a MAF of 5% indicating the lower chance of finding a reasonable odds ratio with the
achievement of a power of >80%. Notably, in more than 80% of the selected SNPs the MAF was
higher than 30%. Results elucidated 19 SNPs, 11 SNPs and 8 SNPs in the TNF pathway, which were
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significantly associated for adalimumab with EULAR good response, EULAR remission and relative
change in DAS28, respectively (p<0.05). In the majority of the associated SNPs odds ratios and
corresponding MAF was observed to achieve a power of >80% (tables 1,2 and 3 of chapter 10).

Prospective validation in
large clinical trial

: " Genetic markers as Implementation into P :
Pharmacogenetic studies candidates for translation clinical practice Clinical testing

+ Small sample size + Impact and performance of a test
Demeographic, clinical, immunclogical and + G bidity and/ or icati
life stylefactors + HEluctation to the clinician less trained in

+ Interaction with other gene loci genetics

+ Alternative endpoints + Cost-effectiveness

+ Dosage of drug under study +  Social, ethical and legal framework

+ Typel/ll error rates leading to implementable regulation

+ Bhnicity + Economicimplication

+ Low effect-size

+ Costs

+ Hypothetical pharmacokinetics and
pharmacodynamics

+ Concurrent genetic variation (e.g Copy
Number Variation)

Figure 1. Stages towards implementation of pharmacogenetic markers into clinical practice

Stage 1: Before prospective validation in large studies of potential genetic polymorphisms can be performed, sev-
eral aspects have to be noticed (see most left rectangle)

Stage 2: Next to general factors comprising cost-effective, regulatory and ethical aspects, several challenging fac-
tors appear before implementation of a pharmacogenetic marker as a tool in rheumatological clinical practice can
take place (see most right rectangle)
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Figure 2. Power calculation analysis to recognize the range of power in which the minimal allele
frequencies (MAF) differ to find specific odds ratios*»

a) For a patient population of 325 patients, minimal allele frequencies (MAF) ranging from 5% to 50%, a response
of 45% and a chosen type 1 error probability «=0.05, a power of >80% could be achieved to detect an odds ratio
ranging from 1.4 (MAF of 50%- A) to 2.0 (MAF of 10%- B). Line C represents a MAF of 5% indicating the lower
chance of finding a reasonable odds ratio with the achievement of a power of >80%. Curves between lines A and B
represent MAFs of 40% (most left), 30% and 20% (most right).

b) Abbreviation(s): MAF= minimal allele frequency

In many pharmacogenetic studies concerning DMARDs low power is observed due to the use of
small sample sizes. Consequently, reported p-values and effect sizes for efficacy and toxicity are dif-
ficult to interpret. Also, with the interpretation of underpowered studies a suboptimal reference is
provided for future studies (2;3), since replication studies could expect finding smaller effect sizes
than originally reported (4;5). For example, if a power calculation is performed to confirm an initial
association with an odds ratio of 3.5, hypothetically, a smaller effect size of approximately 2.0 may
be expected. Therefore, for the performance of replication studies a larger sample size may be consi-
dered to identify the smaller effect size (see also Figure 2 of chapter 8 in this thesis).

If the calculated power turns out to be small, cooperation with other research groups is attractive.
Yet, in practice cooperation is challenging because of regulatory and organizational problems to
combine patient cohorts (6).

Ethnicity

Conflicting results may be explained by different frequencies of polymorphisms among ethnic popu-
lations, which makes association studies less likely to compare (34). For example, this is highlighted
in a study in which an association of MTHFR 677C>T and MTX-related alopecia in only African
Americans was demonstrated (35). Therefore, to compare results between studies, considering eth-
nicity of the patient population is appropriate. For MTHFR 677C>T the MAF of this SNP in the Afri-
can American population is 0.098, compared with a MAF of 0.24 in the Caucasian population
(NCBI database).

These differences in frequency has also consequences for haplotypes concerning these SNPs. Signifi-
cant differences in haplotype distribution between Caucasians and African-Americans were ob-
served in the study of Hughes et al (7). Hughes et al (7) reported that the D-prime (D’) value, a value
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ascribing linkage disequilibrium (LD), for the two SNPs was 0.955, indicating strong LD. However,
in African-Americans the D’ value is much lower (0.408), indicating less linkage disequilibrium
(www.hapmap.org). Chapter 7 evaluates the role of the number of haplotypes comprising the
SNPs MTHFR 1298A>C and MTHFR 677C>T in treatment outcome to MTX in RA. Analyses were
performed in mainly Caucasian patients, which were derived from the BeSt study. It was observed
that the predictive performance of the pharmacogenetic model to predict the efficacy of MTX thera-
py in this group of early RA patients was not improved when the MTHFR haplotype was included in
the model. No significant associations were seen when differences in number of haplotypes were
considered. Alternative values of LD could explain the different results seen in the reports of Urano
et al (8) and Taniguchi et al (9), which studied the influence of the haplotype on response in patients
with Asian backgrounds. Therefore, if allele frequencies and corresponding haplotypes are substan-
tially differently distributed between ethnic populations, a genuine pharmacogenetic effect is diffi-
cult to observe. More important is whether the cohort of patients under study is large enough to
limit a random change in genetic variation and to limit a sampling effect.

Nongenetic factors

Besides genetics as factors for drug response, demographic and clinical characteristics of patients
are important to include for analysis in pharmacogenetic association studies. For example, several
studies linked nongenetic factors to therapy outcome in patients treated with TNF inhibitors. Like-
wise, concomitant MTX usage and low disability have been demonstrated to predict optimal re-
sponse to TNF inhibitor therapy (10;11). Moreover, Disease Activity Score (DAS) at baseline deter-
mines to a large extend the response of RA patients treated with DMARD therapy as was demon-
strated from previous studies (12;13) and chapters 3-6. Previously, reciprocal comparison in mul-
tivariate regression analyses of 17 polymorphisms and 24 nongenetic factors in the BeSt cohort DAS
at baseline was observed as most predictive (13). Scores for prediction of response regarding DAS at
baseline were approximately 3 times larger than the SNP ATIC 347 C>G (13). This is in correspon-
dence with the results demonstrated in chapter 5, which compared the same factors in a different
cohort. For DAS at baseline and ATIC 347 C>G beta regression coefficient were 0.77 and -0.23, re-
spectively.

Moreover, this was not only the case for MTX therapy, since DAS at baseline was also an important
covariate in the multivariate-analyses for response of adalimumab, as demonstrated in chapter 10.
In general, the results of a large influence of a nongenetic factor on therapy outcome emphasise the
necessity of multivariate-analysis in pharmacogenetic association studies. On order to analyze this
predictive effect, studies require longitudinal clinical data regarding the effect of a DMARD on dis-
ease activity. Moreover, if a wider focus is applied, interactions between gene and nongenetic factors
similar to the observed interactions of genetic studies concerning susceptibility to RA may be con-
cerned (13).
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Drug dosage

An important feature in any pharmacogenetic study is drug dosage. In chapter 5, it was demon-
strated that with the clinical pharmacogenetic model to predict MTX mono-therapy efficacy in pa-
tients with established RA smaller predictive values were calculated, compared with the calculated
values in the DMARD naive patients (BeSt cohort). It was found that the model had lower true posi-
tive and negative response rates (47% and 81%, respectively) compared with the true positive and
negative response rates reported in the BeSt cohort (95% and 86%, respectively). Partly, different
control strategy of RA and, consequently, the variance in dosage between the two cohorts leading to
different response rates may have been responsible for differences of the model’s performance.
Furthermore, drug dosage is necessary for the interpretation and comparison of a functional phar-
macogenetic effect on treatment outcome. For example, in theory the cellular amount of Tumor
Necrosis Factor-alpha (TNFo) and, thus the amount available for inhibition by TNF inhibiting
agents, might depend on the genotype of the TNF gene (14;15). However, a higher drug dosage may
lead to inhibition of more TNFo and may, therefore, overshadow a genetic effect. In contrast, a ge-
netic effect may be assumed, which may be due to a lower dosage of the TNF inhibitor under study.
Future research need to be performed concerning levels of TNFo and TNF inhibiting therapy.

Alternative use of response criteria

Various use of disease activity parameters and/or cutoff levels for the definition of response may
contribute to different results observed in pharmacogenetic studies. In order to optimally compare
studies or perform meta-analyses, criteria regarding efficacy and toxicity are standardized. Exam-
ples are response criteria according to the American College of Rheumatology (ACR) improvement
criteria, which are based on a perceptual improvement (20, 50, 70 and 90%) in disease symptoms
(termed ACR20, ACR50, ACR70 and ACR9O, respectively) and EULAR criteria (defined in chapter
10).

Regarding pharmacogenetics and treatment outcome measurements in RA, studying defined
groups of patients is challenging. In clinical trials frequencies of response according to disease activi-
ty scores after drug therapy are measured. Based on a selected cut off value, several types of fre-
quency distribution curves can be drawn to divide response into two groups. Rarely, the distribution
of drug responses is ideal bimodal (16;17). Instead, the frequency distribution curve for measures of
response is mostly unimodal distributed (16). A unimodal distribution is consistent with a multifac-
tor configuration caused by effects of many genetic and environmental factors, in which no single
factor has a clearly large effect on response. In this way, it is difficult to study a subset of responders
and nonresponders by the effects of a single genetic locus (18;19).

Selection of genetic variants for association analysis

Methods of selection

A clear design in selection of genetic variants is relevant for the interpretation of results of pharma-
cogenetic association studies in RA. Predominantly, the presented candidate genetic factors in these
studies are selected based on current knowledge of mechanism of action of the drug (20). With this
approach functional genetic variants are chosen because the alteration in protein function is thought
to influence drug action and, thus, may explain interindividual differences in drug response. This is
demonstrated in chapter 4, in which 7 SNPs in genes with proven functional consequences were
related to efficacy and toxicity of MTX in the BeSt cohort. Due to the fact that an exact mechanism of
action of DMARD:s is uncertain, a clear pathway for selection of genetic variation coding for enzymes
influencing these agents is challenging. The results from chapter 3 may indicate that MTX therapy
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works via the adenosine pathway, since AMPD1 34T allele, ATIC 347CC, or ITPA 94CC were asso-
ciated with clinical response, as defined by a DAS of <2,4 (OR [95% confidence interval] 2,1 [1,0—
4,51, 2,5 [1,3—4,7], and 2,7 [1,1-8.1], respectively). However, in chapter 6, no significant associa-
tions of these three SNPs with efficacy were found with a Swedish validation cohort under study
(p>0.05). Therefore, it remains unclear, 1] whether the three variants are true markers for MTX
response, 2] whether other variants in the three genes are responsible for the effect on treatment
outcome, 3] whether other genes are involved. Future research on the mechanism of action of MTX
is therefore required.

Since the mechanism of action of DMARD:s is considered being polygenetic, selecting SNPs in a
single gene will by definition only lead to a limited extent of explained variance of drug response. A
solution toward these difficulties is the pathway pharmacogenetic approach, which considers varia-
bility in the entire pathway without restricting the analysis to only one gene. This method has advan-
tages over either the candidate gene approach and the genome wide SNP analysis, as highlighted in
chapter 9. In the same chapter, selection criteria for this approach to effectively explore potential
associating SNPs with adalimumab are presented. With the application of these criteria, an objective
selection can be achieved: 186 SNPs in 111 genes out of 51,793 SNPs in 124 genes were included for
analysis in chapter 10.

Genome-wide association (GWA) studies may be a promising method for pharmacogenetic studies.
GWA concerns a broad approach which rapidly assesses markers across the genome to elucidate
genetic variation in patients compared to controls or responders compared to non-responders. As a
result, in the last two years GWA studies have presented novel associations with susceptibility to RA
taking care of its polygenetic variation (21;22). For example, SNPs within the TRAF1-C5 gene region
have been demonstrated to influence the susceptibility for RA (22). These novel genes form a new
source of genetic variation potentially explaining variability in disease activity and treatment re-
sponse in RA patients (23;24). Ultimately, next to the direct detection of new markers for treatment
response, a pharmacogenetic GWA study could give new insights into the mechanism of action of
antirheumatic agents.

On the other hand, various remarks could be placed regarding the results from GWA studies. This is
due to the overall found small effect sizes (25) and difficult balance between type I errors and type IT
errors in presenting new associations (26;27).

Concurrent functional SNPs

Genetic variation in metabolic processes may be a confounder for interpretation of pharmacogenetic
results. For example, in patients and healthy volunteers with genetic polymorphisms in the cytoch-
rome P450 drug metabolizing enzymes CYP2D6 and CYP2Cg variation in pharmacokinetics of drug
therapy have been demonstrated (38-40). CYP2D6 and CYP2Co are involved in the pharmacokinet-
ics of therapeutics, like anticoagulants, nonsteroidal anti-inflammatory drugs and hypoglycaemic
drugs (40). Also, cytochrome P450 enzymes play also a role in metabolism of physiological sub-
strates (41;42). Although the DMARD:s in this thesis are not substrates for CYP2D6 and CYP2Co,
genetic variation within these enzymes could be relevant for the drug response as outcome. For ex-
ample, hepatotoxicity could not only be caused by genetic variants encoding enzymes involved in the
metabolism of MTX, but also could be enhanced by SNPs encoding the cytochrome P450 enzymes
involved in the physiological and pathological processes of the liver.

Confounding genetic variation

Besides SNPs, other types of genetic variation exist which could have an effect on treatment out-
come. For example, a factor which can be of influence is copy number variation (CNV). CNV is de-
fined as DNA segments, which are 1 kb or larger and present at variable copy number in comparison
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with a reference genome. These segments are collectively termed copy number variants (28). Even
though these variants are far less abundant in the genome, CNV account for more nucleotide varia-
tion on average than SNPs (29). Subsequently, a SNP effect on treatment outcome could be misin-
terpreted due to a CNV effect in the same gene region (30). One of the selected SNPs on the custom
made array presented in chapter 10 was the functional SNP FOGR3A -158T>G (rs396991). In
previous studies, this SNP was associated with treatment outcome to TNF inhibitors (31-33). How-
ever, with our analyses presented in chapter 10 an association with efficacy was absent. Hypotheti-
cally, CNV may cause a different interpretation of genotypes resulting in altered findings. From ge-
nome wide studies it has been observed that in the FCGR3A gene region CNVs are present (34). In
this way, alternative genotyping results of FCGR3A -158T>G may be due to CNV: high copy number
(more than 2 alleles) may lead to the detection of an inaccurate number of heterozygous genotypes
and low copy number (one allele) may lead to more homozygous genotypes (35).

In addition, epigenetics could also be a reasonable confounder in finding (or not finding) genetic
associations with treatment outcome. The term epigenetics covers phenotypic changes which are
not covered by mutations in DNA sequence. It comprises grossly three different areas in which alte-
ration could lead to changes in gene expression and enzyme activity: methylation of DNA, modifica-
tion of histones in chromatin and RNA mediated regulation of gene-expression (36).

In summary, it is difficult to assign differences in treatment outcome solely to SNPs. Future research
have to be performed to exactly study the weight of SNPs in differences in efficacy and/or toxicity.

Adjustiment for multiple testing

Along with the discovery of novel causative loci for treatment response with GWA studies, testing a
large number of loci for association creates potential false-positive results and, therefore, the need
for adjustment for multiple testing (37). Similarly, but to a lesser extent, adjustment is necessary in
studies applying a candidate- or pathway gene approach. The need for multiple testing arises from
the assumption that the incidence of false positives is proportional to the number of tests performed
and level of significance. For example, If 10,000 genes are tested, 5% or 500 genes might be found
significant by chance alone. For this reason correction is important: it adjusts the individual p-value
for each gene in order to keep the false positive- rate to less than or equal to the p-value cutoff.
Chapter 10 presented associations between efficacy of adalimumab therapy and SNPs selected by
the pharmacogenetic pathway approach (chapter 9). It was demonstrated that 19 SNPs, 11 SNPs
and 8 SNPs were significantly associated EULAR good response, EULAR remission and relative
change in DAS28, respectively (p<0.05) Moreover, 4 SNPs, rs1126535 in CD40LG, rs6828477 in
KDR, 151267067 in TANK and rs25648 in VEGFA showed consistent associations and, therefore,
they appear to be the most predictive for adalimumab efficacy. In this chapter, no adjustment for
multiple testing was performed. The most common method for correcting for multiple testing, the
Bonferroni correction, involves adjusting the significance level of each test by the total number of
performed tests (38). However, this method has a conservative character, since interaction and co-
operation between causative genes are circumvented (37;39). Also, other adjustments could be ap-
plied, like permutation testing or false discovery rate, but also these methods have specific difficul-
ties (not discussed) (37). Replication of genetic associations in a second comparable cohort of pa-
tients is essential, but not always feasible. Therefore, we have decided to present the p-values of this
explorative study without adjustments to make the results accessible for clear interpretation. Still,
we would underline that multiple independent tests were applied and these results imply suggestive
associations with adalimumab efficacy.

All statistical adjustments are focused on a certain level of significance. However, more weight
should be on reporting effect size and confidence interval instead of p-values. For example, a mean
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decrease in DAS for a specific genetic variant of 1.2 with a 95% confidence interval of 0.8 to 1.6 illu-
strates a range of values for what the mean decrease might be if the entire population is studied. This
range of values highlights the importance of clinical values instead of statistical outcomes. Conse-
quently, effect size and confidence intervals encourage meaningful qualitative decisions about quan-
titative data. In other words, a rheumatologist becomes more involved in the data and may evaluate
its own clinical decision making in e.g. the additive value of genotyping patients in practice.
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Future perspectives
Prospective study design for validation of pharmacogenetics in RA

In recent years, pharmacogenetic studies have revealed numerous SNPs that associated with drug
response but only a few of these have been introduced as candidates for clinical implementation.
Especially, prospective pharmacogenetic studies are scarce. One such prospective study concerns
adverse drug reactions to abacavir in HIV-treatment (40). In this large study, the HLA-B*5701 po-
Iymorphism was highly linked to hypersensitivity reactions in a cohort of Caucasians and successful-
ly replicated in other but similar cohorts. It was calculated that 14 patients would have to be
screened, to prevent one hypersensitivity reaction on abacavir therapy (40). Currently, this poly-
morphism is increasingly being used as a genetic biomarker in routine clinical practice. Similar stu-
dies are needed to demonstrate the value of prospective genotyping for antirheumatic therapy in
clinical practice. In figure 3 an ideal study proposal for a prospective study concerning MTX efficacy
in RA is presented, in which strategy for therapy is guided by pharmacogenetics.

For this hypothetical study proposal, adult patients with early RA and active disease are enrolled.
First a randomization (figure 3) is performed to assign patients to undergo prospective pharmaco-
genetic screening or to undergo a standard-of-care DMARD treatment without pharmacogenetic
screening. Patients assigned to prospective pharmacogenetic testing are divided in predicted res-
ponders and predicted nonresponders based on the pharmacogenetic test determining MTX mono-
therapy efficacy. Predicted responders are allocated to treatment with MTX monotherapy. Predicted
nonresponders to MTX are given the alternative traditional DMARD sulphasalazine. Patients as-
signed to the control group (without pharmacogenetic screening) are given MTX monotherapy as
standard-of-care therapy. Therapy is evaluated and adjusted after 6 months. Hereafter, patients
with standard-of-care DMARD treatment are screened for the pharmacogenetic test.

Primary analyses are focussed on statistical differences in response percentages between patient
groups allocated to pharmacogenetic screening and the patient group allocated to standard-of-care
treatment. As secondary analyses, the performance of the pharmacogenetic tests is calculated in the
control group with standard-of-care treatment.

Power calculation reveals that enrolment of 300 patients for evaluation of at least 100 patients per
group is needed for this prognostic study to have a statistical power of 90% (with a chosen type 1
error probability a=0.05) to detect an improvement in response of 50% in the groups with pharma-
cogenetic screening compared to the control group without pharmacogenetic screening.

Likewise, a more complex study design could also be applied for a prospective study including the
pharmacogenetics of TNF inhibitors.

In conclusion, results of above described study could demonstrate the beneficial value of prospective
pharmacogenetic screening compared to current standard therapy. Application of pharmacogenetic
tests could reduce inefficacious and unnecessary drug exposure and thus treatment delay and toxic-
ity in clinical practice. However, even with promising results from prospective studies, several chal-
lenges appear before a genetic marker can be implemented as a clinical tool (figure 1).
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Figure 3. study proposal for a prospective study concerning MTX in RA, in which strategy for
therapy is guided by pharmacogenetics?

a) Abbreviation(s): MTX= methotrexaat, RA= rheumatoid arthritis, TNF= tumor necrosis factor

Challenging steps towards clinical implication of pharmacogenetics

Social, ethical and legal implications of pharmacogenetics

It is demonstrated from the literature that pharmacogenetics holds the potential to improve thera-
peutic efficacy, to minimize adverse drug events, to enhance safety and to reduce the overall cost of
management of disease, but needs further development for clinical implementation in the near fu-
ture. Still, this development is not solely a challenge for genetic researchers and clinicians, since
several social, ethical and legal implications form large obstacles for authorities, health care organi-
zations, regulatory organizations and individuals.

For (pharmaco)genetic testing, privacy and informed consent may be essential in clinical usage of
the genetic information. Personal information could be used adversely to a patient’s interests. How-
ever, overall the knowledge on genetics is limited in individual patients. As a consequence, the au-
tonomy of patients is reduced and the risk of involuntarily and abusively application of genetic data
would be increased (41;42).

Also, it may be considered unethical not to employ pharmacogenetic testing in patients in order to
avoid the exposure to the inefficacy and harmful side effects of drugs (43). On the other hand, with
the performance of genetic testing the problem of handling ‘by-catch’ arises. This by-catch is the
result of creating a genetic profile by the performance of e.g. whole-genome testing in which not only
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searched information is present, but also unsearched information. This was studied by Henrikson
and colleagues (44), who demonstrated that 53% of potential pharmacogenetic variants were re-
ported to have a significant association with disease susceptibility. Hereby, genetic profiling could
reveal susceptibility to e.g. serious diseases. In the light of self determination, is it mandatory to noti-
fy the patient on this by-catch? The psychological impact of this knowledge and concomitant re-
sponsibility could be difficult for the patient to handle in the future. This could include a change in
health behaviour, quality of life and social surrounding (42;45).

The question remains how the health care insurers would act based on the pharmacogenetic results
of their clients. The focus of the health care system on clients is likely to be shifting from a general
population view to a more personalized view (46). Likewise, this attitude of the health care system
could advance the inclusion of pharmacogenetics in to clinical practice. This could also lead to un-
wanted situations (46;47). For example, patients that are predicted non responder to conventional
medication would be unfavourable to insure, since these patients would require more expensive
medication and/or their nonresponse would result in chronic disease.

Economic considerations towards pharmacogenetics

In the short term, implementation of pharmacogenetic testing could result in higher drug related
health care costs. Partly, investment in the development and evaluation of pharmacogenetic tests
may lead to higher expenses. Also, higher costs could be due to a higher number of individual pre-
scriptions written by confident clinicians, since choice of therapy is scientifically more gratified. In
contrast, in the long term, the overall health care costs could be reduced, since e.g. unnecessary and
unsuccessful expensive drugs are avoided. Moreover, overall drug related morbidity and mortality
could be decreased (47;48).

As in the health care system, a more individualized trend towards the patient may be expected in the
pharmaceutical industry. Ideally, application of pharmacogenetic testing can eventually enhance
drug discovery and development process leading to market segregation, which is increasing the
number of new drugs available on the market for a group of patients. Furthermore, it could result in
more effective usage of existing drugs and could assess the efficacy of previously eliminated drugs,
which had failed in clinical trials due to e.g. toxicity reasons. However, in practice for a pharmaceuti-
cal company this market segregation is difficult to cope, which has invested a substantial time and a
significant amount of money in developing a new therapeutic agent for a small part of patients
(47;49;50).

Impact of genetics

The impact of the pharmacogenetic test has to be considered. Specifically, in the case of effectively
predicting effective drug therapy to antirheumatic agents, the additional value to conventional
treatment has to be proven. For example, consulting a rheumatologist in an early phase of RA’s dis-
ease progress and, hereby, achieving an optimal result on treatment in order to reduce joint damage
may overshadow the genetic effects and/or demonstrate over-valuation of a clinical pharmacogenet-
ic test.

Comorbidity, co-medication and adherence to therapy

Individualizing disease and medication of patients remain a problem for clinical usage of pharma-
cogenetics. If a test is based on a population of patients with RA, mostly the general well being or
disease status is assessed. However, regarding the genetic aetiology of RA, previous findings demon-
strated that two types of RA, ACPA-positive and ACPA-negative RA, have different genetic origins
(51). In this way, estimating a chance of drug response and/or toxicity with a pharmacogenetic test
could be limited by individual type of disease(s).
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The same limitation arises for a specific test based on one type of drug instead of considering the use
of other medication besides antirheumatic agents in RA patients. Indeed, it is demonstrated that
statins may have moderate disease modifying effects in RA and these drugs might prevent or slow
the development of RA (52). In this way, a clear effect of DMARDSs on therapy outcome is difficult to
observe. In order to adapt pharmacogenetic tests based on assembled patients, who will have an
identical risk of response based on same type of disease, concomitant medication and environmen-
tal factors, remain a significant challenge.

Finally, a patients’ suboptimal adherence to proposed therapy guidelines could be causative for er-
rors in evaluation of interindividual variability in treatment outcome and hereby interpretation of
genotypic effects on treatment outcome. Drug adherence could increase if patients would know they
could benefit from their personal pharmacogenetic profile to improve the response to drug therapy.

Education to the clinician less trained in genetics

Along with a growing pharmacogenetic knowledge in rheumatology arises an increasing difficulty to
explain to clinicians the use, benefits and pitfalls of pharmacogenetics and how to interpret a phar-
macogenetic test. Therefore, additional education for clinicians is required for a successful choice
and/or adjustment of drug therapy and, moreover, for an optimal explanation towards the patient.
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Conclusion

Results from this thesis have elucidated potential genetic markers, which were associated with
treatment outcome to MTX and adalimumab. Furthermore, a model for predicting the efficacy of
MTX in patients with RA was validated in two cohorts indicating that predicting efficacy by a phar-
macogenetic model is feasible in RA patients treated with MTX. Importantly, definitive conclusions
about the role of genetic predictive factors in treatment outcome to DMARDS could not be drawn,
since these results have to be further validated and replicated in future pharmacogenetic studies.
Large randomized prospective studies should be planned to demonstrate its legitimate predictive
and cost-effective value before a genetically individualized approach is applicable in daily clinical
practice.

The potential role of pharmacogenetics in the prediction of efficacy and adverse events in RA pa-
tients treated with DMARD:s is presented in this thesis. Hereby, new knowledge is added to the rela-
tively young research field of pharmacogenetics, which may hopefully lead to a better treatment
strategy for RA patients.
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