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The development of clinical practice recommendations or guidelines for the clinical use of
biomarkers is an issue of great importance with regard to adverse drug reactions.The poten-
tial of pharmacogenomic biomarkers has been extensively investigated in recent years.
However, several barriers to implementing the use of pharmacogenomics testing exist.
We conducted a survey among members of the Spanish Societies of Pharmacology and
Clinical Pharmacology to obtain information about the perception of such barriers and to
compare the perceptions of participants about the relative importance of major gene/drug
pairs. Of 11 potential barriers, the highest importance was attributed to lack of institutional
support for pharmacogenomics testing, and to the issues related to the lack of guidelines.
Of the proposed gene/drug pairs the highest importance was assigned to HLA-B/abacavir,
UGT1A1/irinotecan, and CYP2D6/tamoxifen. In this perspective article, we compare the
relative importance of 29 gene/drug pairs in the Spanish study with that of the same pairs
in the American Society for Clinical Pharmacology and Therapeutics study, and we provide
suggestions and areas of focus to develop a guide for clinical practice in pharmacogenomics
testing.
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Functional polymorphisms of drug-metabolizing enzymes are a
major factor involved in adverse drug reactions. The develop-
ment of pharmacogenomic biomarkers has evolved in recent years,
mainly in a frame where these biomarkers are intended to be used
as outcome biomarkers, that is, to substitute for a clinical out-
come or predict an outcome of a disease or toxicity following
treatment. While the most conservative pharmacogenomics views
aim to stratify patient populations (patient selection biomark-
ers) into those who should or should not receive a given drug
(Green and Guyer, 2011), other guidelines are intended to adjust

drug dose based on pharmacogenomics tests (see for instance
Swen et al., 2011). The limitations of pharmacogenomics-based
dose adjustment are analyzed elsewhere (Agúndez et al., 2012)
and will not be discussed here, but it should emphasized that
part of the disenchantment experienced with pharmacogenomics
in recent years is related to the overoptimistic expectation of
making a safe and reliable personalized dose adjustment based
on pharmacogenomics tests. Today we know that interindividual
variability in drug metabolism and response exists, even within
individuals with identical pharmacogenomics genotypes, and so
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pharmacogenomics is simply another factor to be considered in
dose adjustment.

But in even the most conservative approaches to pharmacoge-
nomics (whether individuals would respond to a determined drug,
or what patient’s odds are to experience adverse effects with a
determined drug), many factors hamper rapid development of
the clinical use of pharmacogenomics tests. These factors have
been analyzed in detail elsewhere (Deverka et al., 2007; Haga and
Burke, 2008; Agúndez, 2009; Agúndez et al., 2009, 2012; Relling
et al., 2010; Matheis et al., 2011; Relling and Klein, 2011), but the
relative importance of these factors has received little attention.
In the frame of the Carlos III Institute of Health (ISCIII) Spanish
Research Network of Adverse Reactions to Allergens and Drugs,
we conducted a survey in 2012 among members of the Spanish
Societies of Pharmacology and Clinical Pharmacology, together
with other Spanish clinicians and geneticists closely related to
pharmacogenomics, on the most important challenges to clinical
implementation of pharmacogenomic tests. The profile of the par-
ticipants was as follows: 59% were practicing physicians, 21% had
an academic research profile, 16% were clinical laboratory profes-
sionals, and 5% worked in the pharmaceutical industry. The survey
in Spain was designed to include the same gene/drug pairs and the
same evaluation criteria as in a US survey (Relling and Klein, 2011)
to obtain results which could be directly compared. In addition,
we included a survey regarding potential barriers to implementing
the use of pharmacogenomics testing (Agúndez et al., 2012). The
responses were closed, ranking from 1 to 10 for every item. The
ranks obtained for gene/drug pairs were re-scaled in a scale from
1 to 5 to make results comparable to those from the US survey
(Relling and Klein, 2011).

Figure 1 summarizes the results, which indicated three major
groups of barriers. The most relevant group was related to low
institutional promotion, and the second corresponded to lack of
clinical guidelines, protocols, and other factors related to validity

of pharmacogenetics tests. The barriers in this second group are
closely related to one another and, in our opinion, are a major
cause of lack of promotion and support for healthcare systems. A
third group of barriers with less perceived importance in the survey
was related to economical and institutional issues, knowledge of
the pharmacogenomic background of the Spanish population and
ethical, legal, or social implications.

Because most of the main barriers were related to lack of clin-
ical guidelines and protocols, we included in our survey the same
29 gene/drug pairings listed in a previous study carried out among
members of the Clinical Pharmacogenetics Implementation Con-
sortium (CPIC; see http://www.pharmgkb.org/page/cpic) and
members of the American Society for Clinical Pharmacol-
ogy and Therapeutics (Relling and Klein, 2011). The highest
ranked pairs (based on the perceived importance of the data
linking the drug to the gene variation) were HLA-B/abacavir,
UGT1A1/irinotecan, and CYP2D6/tamoxifen (Figure 2). While
most gene/drugs pairs received a similar rank in both studies,
the comparison revealed that in the Spanish study the gene pairs
CYP2C9/celecoxib and CYP2D6/nortriptyline had higher ranks
than in the US study, whereas the pairs CYP2C19/clopidogrel,
GP6D/chloroquine, and both genes related to warfarin were
ranked lower. Nevertheless, looking at the whole picture, the
ranks are similar for most gene/drug pairs, thus indicating that
guidelines for gene/drug pairs such as those which are cur-
rently being elaborated by CPIC members seem to be well suited
for Spain, and probably for other European countries with
a similar genetic background. The few discrepancies observed
in Figure 2 may be related to the differences in the pattern
of drug use in the US and in Spain. CPIC guidelines on
some of the gene/drug pairs mentioned have already been pub-
lished (see for instance (Johnson et al., 2011; Crews et al., 2012;
Wilke et al., 2012) and many others are currently underway (see
http://www.pharmgkb.org/page/cpicGeneDrugPairs). Hopefully

FIGURE 1 | Highest-ranking barriers to implementing the use of

pharmacogenomics testing, based on a survey of Spanish Societies for

Pharmacology and Clinical Pharmacology members in 2012. Data related
to average importance (on a scale of 1–10) are plotted along the x -axis.
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FIGURE 2 | Highest-ranking gene/drug pairs, based on a survey of Spanish Societies for Pharmacology and Clinical Pharmacology members in 2012

(blue bars), compared to a published survey of American Society for Clinical Pharmacology andTherapeutics (ASCPT) members conducted by CPIC

(red bars). Data related to the percentages of respondents who ranked the gene/drug pairs as 1 or 2 (on a scale of 1–5) are plotted along the y -axis.

we will soon have guidelines available for all relevant gene/drug
pairs.

Nevertheless, some remaining questions related to intereth-
nic and intraethnic genetic variability (Garcia-Martin et al., 2006;
Garcia-Martin, 2008; Borobia et al., 2009; Restrepo et al., 2011),
refinement in phenotype inference (Agúndez et al., 2008; Ruiz
et al., 2012), and detailed studies on the contribution of additional

factors which may modify the strength of the association of
gene/drugs pairs need to be dealt with. These studies should
include gene expression and regulation, patient’s metabolic pro-
file with a given drug, and relevant lifestyle and environmental
factors that influence drug metabolism or drug response. Once
guidelines and protocols are ready, the major groups of barriers
shown in Figure 1 will be weakened. And, in consequence, this
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will hopefully lessen the impact of the first and most determinant
barrier, since we believe that institutional support and promotion
for the use of pharmacogenomics biomarkers will greatly improve
as the influence of the other barriers decline.

ACKNOWLEDGMENTS
We are grateful to the coordinators of the Spanish Societies of
Pharmacology and Clinical Pharmacology for distributing the

survey information and links to all members of the correspond-
ing societies, and to Prof. James McCue for assistance in language
editing. The work in the author’s laboratory is financed by Grants
PS09/00943, PS09/00469, RETICS RIRAAF RD07/0064/0016,
and CIBERehd from Instituto de Salud Carlos III, Madrid,
Spain, and by Grants GR10068 from Junta de Extremadura,
Spain. Financed in part with FEDER funds from the European
Union.

REFERENCES
Agúndez, J. A. (2009). Recent advances

in drug intolerance. Curr. Drug
Metab. 10, 946.

Agúndez, J. A., Del Barrio, J., Padro,
T., Stephens, C., Farre, M., Andrade,
R. J., et al. (2012). Trends in qualify-
ing biomarkers in drug safety. Con-
sensus of the 2011 meeting of the
Spanish Society of Clinical Pharma-
cology. Front. Pharmacol. 3:2. doi:
10.3389/fphar.2012.00002

Agúndez, J. A., Garcia-Martin, E.,
and Martinez, C. (2009). Geneti-
cally based impairment in CYP2C8-
and CYP2C9-dependent NSAID
metabolism as a risk factor for
gastrointestinal bleeding: is a com-
bination of pharmacogenomics
and metabolomics required to
improve personalized medicine?
Expert Opin. Drug Metab. Toxicol. 5,
607–620.

Agúndez, J. A., Golka, K., Martinez,
C., Selinski, S., Blaszkewicz, M., and
Garcia-Martin, E. (2008). Unraveling
ambiguous NAT2 genotyping data.
Clin. Chem. 54, 1390–1394.

Borobia, A. M., Lopez-Parra, A.
M., Tabares, B., Ramirez, E.,
Baeza, C., Arroyo-Pardo, E., et al.
(2009). CYP2C9 polymorphism in
five autochthonous population of
the same geographic area (Span-
ish Pyrenees). Pharmacol. Res. 59,
107–111.

Crews, K. R., Gaedigk, A., Dunnen-
berger, H. M., Klein, T. E., Shen, D.
D., Callaghan, J. T., et al. (2012). Clin-
ical Pharmacogenetics Implementa-
tion Consortium (CPIC) guidelines
for codeine therapy in the context

of cytochrome P450 2D6 (CYP2D6)
genotype. Clin. Pharmacol. Ther. 91,
321–326.

Deverka, P. A., Doksum, T., and Carl-
son, R. J. (2007). Integrating molecu-
lar medicine into the US health-care
system: opportunities, barriers, and
policy challenges. Clin. Pharmacol.
Ther. 82, 427–434.

Garcia-Martin, E. (2008). Intereth-
nic and intraethnic variability of
NAT2 single nucleotide polymor-
phisms. Curr. Drug Metab. 9,
487–497.

Garcia-Martin, E., Martinez, C., Ladero,
J. M., and Agúndez, J. A. (2006).
Interethnic and intraethnic variabil-
ity of CYP2C8 and CYP2C9 poly-
morphisms in healthy individuals.
Mol. Diagn. Ther. 10, 29–40.

Green, E. D., and Guyer, M. S. (2011).
Charting a course for genomic
medicine from base pairs to bedside.
Nature 470, 204–213.

Haga, S. B., and Burke, W. (2008).
Pharmacogenetic testing: not as sim-
ple as it seems. Genet. Med. 10,
391–395.

Johnson, J. A., Gong, L., Whirl-Carrillo,
M., Gage, B. F., Scott, S. A., Stein,
C. M., et al. (2011). Clinical Phar-
macogenetics Implementation Con-
sortium guidelines for CYP2C9 and
VKORC1 genotypes and warfarin
dosing. Clin. Pharmacol. Ther. 90,
625–629.

Matheis, K., Laurie, D., Andriaman-
droso, C., Arber, N., Badimon, L.,
Benain, X., et al. (2011). A generic
operational strategy to qualify trans-
lational safety biomarkers. Drug Dis-
cov. Today 16, 600–608.

Relling, M. V., Altman, R. B., Goetz,
M. P., and Evans, W. E. (2010).
Clinical implementation of phar-
macogenomics: overcoming genetic
exceptionalism. Lancet Oncol. 11,
507–509.

Relling, M. V., and Klein, T. E.
(2011). CPIC: Clinical Pharmacoge-
netics Implementation Consortium
of the Pharmacogenomics Research
Network. Clin. Pharmacol. Ther. 89,
464–467.

Restrepo, J. G., Martínez, C., García-
Agúndez, A., Gaviria, E., Laguna, J.
J., Garcia-Martin, E., et al. (2011).
Cytochrome P450 CYP2B6 geno-
types and haplotypes in a Colombian
population: identification of novel
variant CYP2B6 alleles. Pharmaco-
genet. Genomics 21, 773–778.

Ruiz, J. D., Martinez, C., Anderson, K.,
Gross, M., Lang, N. P., Garcia-Martin,
E., et al. (2012). The differential
effect of NAT2 variant alleles permits
refinement in phenotype inference
and identifies a very slow acetylation
genotype. PLoS ONE 7, e44629. doi:
10.1371/journal.pone.0044629

Swen, J. J., Nijenhuis, M., De Boer,
A., Grandia, L., Maitland-Van Der
Zee, A. H., Mulder, H., et al. (2011).
Pharmacogenetics: from bench to
byte – an update of guidelines. Clin.
Pharmacol. Ther. 89, 662–673.

Wilke, R. A., Ramsey, L. B., Johnson, S.
G., Maxwell, W. D., Mcleod, H. L.,
Voora, D., et al. (2012). The Clini-
cal Pharmacogenomics Implementa-
tion Consortium: CPIC guideline for
SLCO1B1 and simvastatin-induced
myopathy. Clin. Pharmacol. Ther. 92,
112–117.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 20 September 2012; accepted:
12 November 2012; published online: 26
November 2012.
Citation: Agúndez JAG, Abad-Santos F,
Aldea A, Alonso-Navarro H, Bernal
ML, Borobia AM, Borrás E, Carballo
M, Carvajal A, García-Muñiz JD, Ger-
vasini G, Jiménez-Jiménez FJ, Lucena
MI, Martínez C, Sacristán JA, Salado
I, Sinués B, Vicente J and García-
Martín E (2012) Toward a clinical prac-
tice guide in pharmacogenomics testing
for functional polymorphisms of drug-
metabolizing enzymes. Gene/drug pairs
and barriers perceived in Spain. Front.
Gene. 3:273. doi: 10.3389/fgene.2012.
00273
This article was submitted to Frontiers
in Pharmacogenetics and Pharmacoge-
nomics, a specialty of Frontiers in Genet-
ics.
Copyright © 2012 Agúndez, Abad-
Santos, Aldea, Alonso-Navarro, Bernal,
Borobia, Borrás, Carballo, Carvajal,
García-Muñiz, Gervasini, Jiménez-Jim-
énez, Lucena, Martínez, Sacristán,
Salado, Sinués, Vicente and García-
Martín. This is an open-access article dis-
tributed under the terms of the Creative
Commons Attribution License, which
permits use, distribution and reproduc-
tion in other forums, provided the origi-
nal authors and source are credited and
subject to any copyright notices concern-
ing any third-party graphics etc.

Frontiers in Genetics | Pharmacogenetics and Pharmacogenomics November 2012 | Volume 3 | Article 273 | 4

http://dx.doi.org/10.3389/fgene.2012.00273
http://dx.doi.org/10.3389/fgene.2012.00273
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Pharmacogenetics_and_Pharmacogenomics/
http://www.frontiersin.org/Pharmacogenetics_and_Pharmacogenomics/archive

	Toward a clinical practice guide in pharmacogenomics testing for functional polymorphisms of drug-metabolizing enzymes. Gene/drug pairs and barriers perceived in Spain
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


