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Abstract
Pharmacogenomic (PG) testing is important in developing individualized therapeutic approaches.
In the phase 3 IDEAL clinical trial, a subset of patients receiving peginterferon and ribavirin for
treatment of chronic hepatitis C agreed to provide blood samples for genetic testing. Genome-wide
association studies subsequently identified associations between IL28B polymorphism and
sustained virologic response, and ITPA polymorphism and ribavirin-associated anemia.

Objective—To characterize the groups of patients who accepted or declined PG testing in the
IDEAL study.

Methods—Clinical and demographic factors and treatment outcomes were compared at all sites
that had approved PG testing. Differences between patients who consented to and declined PG
testing were analyzed using Student t and chi-square tests.

Results—In total, 109 of 118 sites participated in the PG sub-study, and 1674 of 2949 (57%)
patients enrolled at these sites consented to PG testing. More patients treated in academic medical
centers than in community centers (60% vs. 52%, P < 0.001) provided consent. More males than
females (58% vs. 54%, P = 0.04) consented to PG testing. There was no significant difference in
PG participation between patients from different racial groups, including whites and African
Americans (58% vs. 54%, P = 0.07). Treatment outcomes were also similar according to PG
participation.

Conclusions—In the IDEAL study, patient consent to PG testing did not introduce selection
bias. Treatment at an academic center and male gender were associated with higher rates of PG
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testing consent. Efficacy and safety outcomes were similar in patients who accepted and declined
PG testing.
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Introduction
Response to therapeutics is governed by a complex interaction of genetic and environmental
factors, disease determinants, and drug pharmacodynamics and pharmacokinetics. The field
of pharmacogenomics has provided valuable insight into individual variability in response to
therapeutic agents; however, large cohorts of patients who are representative of the target
population are required to validate associations between genomics and therapeutic response.
Historically, patient consent rates for genetic studies are lower than for non–genetic-based
studies, and consent rates to genetics research are also known to vary according to race, age,
and socioeconomic and education status. [1] Theoretically, these imbalances could lead to
selection bias and therefore affect the interpretation of data from pharmacogenomic (PG)
studies.

The IDEAL (Individualized Dosing to Assess Optimal Pegylated Interferon Therapy) study
was a phase 3, large clinical trial that compared treatment with peginterferon alfa-2a or -2b
in combination with ribavirin in 3070 patients with chronic hepatitis C infection. [2] This
study also included a pharmacogenomic sub-study to identify genetic predictors of response
to treatment and treatment-limiting side effects. This sub-study required a separate consent
process, enabling patients to participate in the clinical trial without requiring participation in
the pharmacogenomic sub-study. As a result of this sub-study, a polymorphism near the
IL28B gene was discovered and subsequently found to be the strongest baseline predictor of
response to peginterferon plus ribavirin in patients with chronic hepatitis C. [3]
Additionally, polymorphisms in the ITPA gene were associated with the development of
anemia in patients receiving peginterferon and ribavirin. [4] These findings have had a
profound impact on the treatment of patients with hepatitis C and in the design and
interpretation of clinical trials.

The aim of this post hoc analysis was to assess differences in patient characteristics and
treatment outcomes between individuals who agreed and did not agree to participate in the
IDEAL pharmacogenomic sub-study.

Methods
IDEAL study

The IDEAL study design has been described in detail previously. In brief, this was a phase
3b, randomized, parallel-group study conducted at 118 centers (76 academic and 42
community) in the United States (www.ClinicalTrials.gov number, NCT00081770). [2]
Treatment-naive patients with chronic hepatitis C genotype 1 infection aged 18 to 70 years
and weighing 40 to 125 kg, with compensated liver disease were enrolled. Patients received
peginterferon alfa-2a (180 µg/week) plus ribavirin (1000–1200 mg/day) or peginterferon
alfa-2b (1.0 µg/kg/week or 1.5 µg/kg/week) plus ribavirin (800–1400 mg/day). The primary
outcome of the study was to compare safety and efficacy (achievement of sustained
virological response [SVR], defined as undetectable HCV RNA at week 24 after treatment
completion) between the different treatment regimens.
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Pharmacogenomic testing
Consent for pharmacogenomic testing at study centers was obtained separately from study
consent and prior to the initiation of treatment. A blood sample was obtained and stored for
later use from patients who provided consent for pharmacogenomic testing.

Statistical analysis
Individuals were classified into 2 groups according to their decision to accept or decline
participation in the pharmacogenomic sub-study. Descriptive statistics were generated using
means with standard deviation and frequency. Differences between the 2 groups were tested
using Student t test for continuous variables and chi-square for categorical variables. An
alpha level of 0.05 was defined to be statistically significant.

Results
Overall, 3070 patients were enrolled in the IDEAL study across 118 study sites, of which
109 sites participated in the pharmacogenomics sub-study. A total of 1674 of 2949 patients
(57%) from the 109 sites agreed to participate in the pharmacogenomics sub-study.
Participation rates in the pharmacogenomic sub-study were higher at academic medical
centers than at community centers (60% vs. 52%, P < 0.001).

Demographic features
Males were more likely than females to consent to pharmacogenomic testing (58% vs. 54%,
P = 0.04) (Table 1). Consent rates did not differ according to ethnicity with similar rates
found in whites (58%), African Americans (54%), and Hispanics (57%). Consent rates
among Asian patients were lower than seen in other ethnic groups (41%); however, the total
number of Asian patients was limited (n = 51) and this difference was not statistically
significant. Rates of participation in the pharmacogenomic sub-study did not differ
according to patient age, baseline HCV viral load, baseline fibrosis score, smoking, history
of heavy alcohol use, or medical co-morbidities, including depression (Table 1).

Treatment outcomes
SVR rates were similar between patients who consented to pharmacogenomic testing and
those who did not (41% vs. 38%, Table 2). Rates of complete early virological response, end
of treatment response, and relapse were also similar between the consent groups (Table 2).
There was no difference between the groups with respect to discontinuation of therapy
secondary to side effects, serious adverse events, or treatment adherence.

Discussion
The discovery of the association between IL28B genotype and treatment outcome in patients
with chronic hepatitis C is an example of the power of pharmacogenomic studies in clinical
research. Subsequent trials of hepatitis C therapies have utilized this important information
to either focus on the favorable or less favorable IL28B genotypes or to stratify
randomization according to IL28B genotype. Additionally, IL28B genotyping has been
incorporated into patient care algorithms and is used to counsel patients on their likelihood
of responding to hepatitis C therapy. This discovery was made possible through the
participation of patients enrolled in the large IDEAL study.

In our post-hoc analysis of the IDEAL study, we show that the patients who agreed to
participate in the pharmacogenomics sub-study had similar demographic factors, medical
co-morbidities, and treatment outcomes when compared with those patients who did not
provide consent. This lack of selection bias indicates that the results can be generalized to
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the population of patients who participated in the IDEAL study. These results are
significant, since for many years, a concern within the field of clinical pharmacogenomics
was whether those patients who consented to PG testing represented a pharmacodynamically
different cohort than those who did not.

In our analysis, pharmacogenomic testing consent rates were higher at academic centers than
community centers. In a similar study involving patients with acute myocardial infarction,
the strongest factor associated with consent to participate in the genetic sub-study was study
site. [5] We did not have individual site data to determine whether there was significant
variability between the sites. Additionally, we did not have data related to the consent
process, but believe that one factor contributing to differences in consent rate could be site
differences in the motivation of study coordinators and the level of information provided to
patients. Notably, the pharmacogenomics participation rate of 57% in this study is lower
than pharmacogenomics participation rates of approximately 70% in recent clinical trials [6–
8]. However, the IDEAL study was conducted before the importance of DNA collection and
pharmacogenomics studies were widely recognized in clinical research.

Many studies have described gender and ethnicity differences in consent to genomics
research. In our study, male sex was the only significant demographic factor associated with
participation in the pharmacogenomics sub-study. The difference in participation rates
between sexes was small and hence the clinical significance of this finding is unclear.
However, several other studies have also reported that women are less likely than men to
participate in both genetic and non–genetic-based research and more frequently have
negative perceptions of genetic-based research. [9–12] Despite this reported finding, we
were unable to identify any study that evaluated social, political or ethical mechanisms of
gender difference to consent for genetics research.

Additionally, though not seen in our study, African American race and age >65 years are
commonly cited demographic factors associated with lower rates of participation in clinical
studies with both a genetic and non-genetic focus. [9–22] The majority of these earlier
studies evaluated participation in cancer registries or clinical trials; however, within the
general population, the National Health and Nutrition Examination Survey (NHANES)
found that women and non-Hispanic black patients were less likely than men and non-black
patients to contribute material for future genetic analysis. [9,10] In 1999, pharmacogenomic
study participation rates were lower in women compared with men (82% vs. 86%, P < 0.05)
and in non-Hispanic black compared with white patients (73% vs. 86%, P < 0.05). [9]
Similarly in 2000, participation rates were again lower in women compared with men (84%
vs. 87%, P < 0.05) and in non-Hispanic black compared with white patients (81% vs. 88%,
P < 0.05). [10] Interestingly, these differences disappeared when the pharmacogenomics
portion of the consent form was removed. While these analyses were performed some time
ago, they are contemporary with enrollment in the IDEAL study. Re-assessment of gender
and ethnic differences in consent may be warranted with more recent data.

In the IDEAL study, we did not assess factors that might influence consent but other studies
exploring perceptions of genetic research have identified concerns about discrimination and
misuse of information. [1,23] As recently as 2011, a study evaluating perceptions of genetics
research reported that 63% of black respondents and 57% of white respondents indicated
that they were “very” or “moderately concerned” about genetic research data being used to
discriminate against people. In that study, 64% of black and 34% of white respondents
reported that their willingness to donate a blood sample would be substantially reduced
because of their concerns about potential discrimination. [23] There added layers of
complexity when considering issues surrounding the consent process in countries such as
Africa, where the population has lower income and literacy levels. [24–26] This was nicely
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illustrated in a description of the consent process for the MalariaGEN project conducted in
Africa and Oceania. [27]

As discussed above, there are several limitations to this study. First, we did not have access
to site-specific data to determine whether the difference in consent rates between academic
and community sites was reflective of differences in site environment, principal investigator/
study coordinator motivation, or patient-related factors. We were unable to analyze factors
related to the consent process, such as time spent discussing the study and reasons that
patients agreed or disagreed to participate in the genetics sub-study. Finally, our analysis is
restricted to the IDEAL study, and similar comparisons should be conducted in independent
cohorts. However, despite these limitations, we report the first systematic evaluation of
demographic factors associated with consent to genetic testing in patients with chronic
hepatitis C. Additionally, we provide evidence that the IDEAL genetic sub-study leading to
the discovery of the IL28B and ITPA polymorphisms included individuals who were
representative of the wider IDEAL population in terms of demographic factors and
treatment outcomes, such that no selection bias was identified that might have affected the
interpretation of the results.

Future research to understand patient factors that are associated with consent to genetics
research should examine reasons that patients agree or refuse to participate. A particular
focus on ethnic and gender differences would be of interest. Additionally, study of how
consent/nonconsent impacts the broader field of –omics sciences is needed. One of the
newest OMICs technologies to emerge is metabolomics, a field in which sex differences are
particularly important. In a recent study of body fat distribution and cardiovascular risk, the
metabolite profiles and phenotypic parameters were significantly different between men and
women, necessitating separate analyses to increase power. [28] This further illustrates our
major point, which is that in -omics research in general, ensuring that the study group is a
pharmacodynamically similar group to the population in which the results will be applied is
crucial. This will require continued vigilance that those patients being used to generate
pharmacogenomics data are representative of the larger population in whom the results will
be applied.
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Table 1

Consent for Pharmacogenomic Testing Across Various Patient Subgroups

Consented to
PG sampling

(n = 1674)

Did not
consent to PG

sampling
(n = 1275) P

Gender, n (%) 0.04

  Male 1021 (58) 729 (42)

  Female 653 (54) 546 (46)

Race, n (%) 0.07

  White 1214 (58) 882 (42)

  African American 293 (54) 254 (46)

  Hispanic 121 (57) 90 (43)

  Asian 21 (41) 30 (59)

  Other 25 (57) 19 (43)

Age, y, mean (SD) 47.4 (7.9) 47.6 (8.3) 0.71

Baseline HCV RNA, n (%) 0.17

  >600,000 IU/mL 1388 (57) 1032 (43)

  ≤600,000 IU/mL 286 (54) 243 (46)

METAVIR fibrosis score, n (%)* 0.7

  F0 25 (54) 21 (46)

  F1 1160 (58) 857 (42)

  F2 235 (55) 192 (45)

  F3 66 (55) 54 (45)

  F4 112 (58) 80 (42)

Baseline smoking history, n (%)† 0.39

  Current smoker 620 (57) 470 (43)

  Ex-smoker 626 (58) 455 (42)

  Non-smoker 390 (54) 327 (46)

History of alcohol abuse, n (%) 153 (58) 109 (42) 0.58

History of depression, n (%) 391 (57) 299 (43) 0.95

History of diabetes, n (%) 112 (57) 85 (43) 0.98

History of hypertension, n (%) 454 (57) 342 (43) 0.86

History of coronary artery disease, n (%) 25 (57) 19 (43) 0.99

*
Missing 76 of those who participated in pharmacogenomic testing and 71 of those who did not.

†
Missing 38 of those who participated in pharmacogenomic testing and 23 of those who did not.

Abbreviations: PG, pharmacogenomics testing.

Pharmacogenet Genomics. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jazwinski et al. Page 10

Table 2

Treatment Outcomes

PG subjects
(n = 1674)

Non-PG
subjects

(n = 1275) P

cEVR, n (%) 696 (42) 493 (39) 0.11

SVR, n (%) 683 (41) 485 (38) 0.13

EOT, n (%) 938 (56) 705 (55) 0.69

Relapse, n (%) 215/886 (24) 180/661 (27) *

Discontinuation for AE, n (%) 196 (12) 151 (12) 0.91

SAE, n (%) 164 (10) 128 (10) 0.83

12-week PEG adherence> 80%, n (%) 1527 (91) 1141 (89) 0.11

12-week RBV adherence> 80%, n (%) 1485 (89) 1144 (90) 0.38

*
Not tested since denominator for comparison groups (EOT responder) is not based on factor determined at randomization.

Abbreviations: cEVR, complete early virological response; PG, pharmacogenomics; SVR, sustained virological response; EOT, end of treatment
response; AE, adverse event; SAE, serious adverse event; PEG, pegylated interferon-alfa; RBV, ribavirin.
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