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Clinical Pharmacogenetics Implementation
Consortium Guidelines for CYP2C19 Genotype
and Clopidogrel Therapy: 2013 Update

SA Scott!, K Sangkuhl?, CM Stein3, J-S Hulot*?, JL Mega® DM Roden’, TE Klein?, MS Sabatine®,

JA Johnson8%1%and AR Shuldiner!!-12

Cytochrome P450 (CYP)2C19 catalyzes the bioactivation
of the antiplatelet prodrug clopidogrel, and CYP2C19 loss-
of-function alleles impair formation of active metabolites,
resulting in reduced platelet inhibition. In addition, CYP2C19
loss-of-function alleles confer increased risks for serious
adverse cardiovascular (CV) events among clopidogrel-
treated patients with acute coronary syndromes (ACSs)
undergoing percutaneous coronary intervention (PCI).
Guideline updates include emphasis on appropriate indication
for CYP2C19 genotype-directed antiplatelet therapy, refined
recommendations for specific CYP2C19alleles, and additional
evidence from an expanded literature review (updates at
http://www.pharmgkb.org).

This document is an update to the 2011 Clinical
Pharmacogenetics Implementation Consortium (CPIC) guide
line on the clinical use of CYP2CI19 genotype test results for
patients requiring antiplatelet therapy.! As of April 2013, a pro
spective randomized controlled trial on CYP2C19 genotype—
directed antiplatelet therapy with clinical outcomes has yet to
be reported. Consequently, these recommendations are based
on evaluation of the currently available evidence. Specifically,
the updated therapeutic recommendations are more focused
on patients with acute coronary syndromes (ACSs) undergo
ing percutaneous coronary intervention (PCI) than the original
guideline, with additional updates involving refined recommen
dations for variant and novel CYP2C19 alleles beyond *2 and

further evidence from an expanded literature review. As in the
2011 guideline, recommendations for the use of other laboratory
tests, such as platelet function monitoring, and cost-effectiveness
assessments are beyond the scope of this document. This docu
ment does not focus on demographic or other clinical variables
such as adherence to therapy, age, diabetes mellitus, obesity,
smoking, and concomitant use of other drugs that may influence
clopidogrel efficacy and clinical decision making. The CPIC of
the National Institutes of Health’s Pharmacogenomics Research
Network and PharmGKB develops peer-reviewed gene/drug
guidelines that are published and updated on www.pharmgkb.
org every 2 years or as needed based on significant developments
in the field.”

FOCUSED LITERATURE REVIEW

A systematic literature review was conducted on CYP2C19 geno
type and clopidogrel response (see Supplementary Materials
and Methods online). Guidelines for antiplatelet therapy were
developed based on interpretation of the available literature by
the authors and experts in the field.

DRUG: CLOPIDOGREL

Background

Clopidogrel is a thienopyridine prodrug that requires hepatic
biotransformation to form an active metabolite that selectively
and irreversibly inhibits the purinergic P2RY , receptor and
thus platelet aggregation for the platelet’s life span (~10 days).
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Only 15% of the prodrug is available for transformation to the
active agent; the remaining 85% is hydrolyzed by esterases to
inactive forms. Conversion of clopidogrel to its active metabo
lite requires two sequential oxidative steps involving several
CYP enzymes (e.g., CYP1A2, CYP2B6, CYP2C9, CYP2C19,
and CYP3A4/5; Supplementary Figure S1 online). One small
association study suggested that paraoxonase 1 (PON1) may
also be involved in clopidogrel activation;3 however, this finding
and the reported association between PON1 variant alleles and
clopidogrel response variability was not replicated in multiple
recent publications (for review, see ref. 4).

GENE: CYP2C19
Background
A gene summary on CYP2CI9 has recently been published” and
is available online at PharmGKB: http://www.pharmgkb.org/
gene/PA124#tabview=tab3&subtab=31. The hepatic CYP2C19
enzyme contributes to the metabolism of a large number of clin
ically relevant drugs such as antidepressants, benzodiazepines,
mephenytoin, some proton pump inhibitors, and clopidogrel.
Like many other CYP450 superfamily members, the CYP2C19
gene is highly polymorphic, with >25 known variant alleles
(http://www.cypalleles.ki.se/cyp2c19.htm) (Supplementary
Tables S1 and S2 online).> The wild-type CYP2C19*1 allele is
associated with functional CYP2C19-mediated metabolism. The
most common CYP2CI19loss-of-function allele is *2(c.681G>A;
rs4244285), with allele frequencies of ~15% in Caucasians and
Africans, and 29-35% in Asians (Supplementary Tables S3
and $4 online). Other CYP2C19 variant alleles with reduced or
absent enzymatic activity have been identified (e.g., 3 *8); how
ever, their frequencies are typically below 1%, with the exception
of CYP2C19*3 (c.636G>A; rs4986893) in Asians (with an allele
frequency of 2-9%; Supplementary Tables $3 and $4 online).
With respect to clopidogrel pharmacodynamics, CYP2C19
loss-of-function alleles are inherited as autosomal codominant
traits because heterozygotes (e.g., *1/*2 and *1/*3) have platelet
responsiveness to clopidogrel that lies between homozygous
wild-type (i.e., *1/*1) and loss-of-function allele homozy
gotes or compound heterozygotes (e.g.,. *2/*2 and *2/3)5-11
Therefore, on the basis of identified CYP2C19 genotypes, indi
viduals typically are categorized as extensive metabolizers (EMs;
*1/*1), intermediate metabolizers (IMs; e.g., *1/*2and *1/*3),

or poor metabolizers (PMs; e.g., *2/*2 and *2/*3) Table 1. The
frequencies of CYP2C19 PMs are ~2-5% among Caucasians and
Africans and ~15% in Asians (Supplementary Materialsand
Methods online).

By contrast, the common CYP2C19*17allele (c.-806C>T;
rs12248560) results in increased activity as a consequence of
enhanced transcription, with average multiethnic allele fre
quencies of ~3-21% (Supplementary Tables S3 and S4 online).
Therefore, individuals who carry this allele may be categorized
as ultrarapid metabolizers (e.g., *17/*17) Table 1. Some studies
indicate that this allele results in enhanced platelet inhibition
and clopidogrel response!®12-14 and perhaps an increased risk
of bleeding complications.!>1® However, other studies have not
identified an effect of CYP2C19*17.'117-20 Discordant results
in the literature may be due in part to the linkage disequilib
rium that exists between *17 and *2. Specifically, the gain-of-
function “T” allele of *17 always occurs on a haplotype that
also harbors the wild-type “G” allele of *2, so the observed effect
of the gain-of-function *]7allele may actually be due, in part,
to the absence of the loss-of-function “A” allele of *2. As such,
adequate evidence for an independent effect of this allele on
clinical outcomes is lacking. Moreover, given that *17 is unable
to completely compensate for the *2 loss-of-function allele,13
*2/*17 compound heterozygotes should be classified as IMs (see
Supplementary Table S5 online).

Linking genetic variability to variability in drug-related
phenotypes

Clopidogrel is commonly prescribed for ACSs and/or follow
ing PCI. However, responses to clopidogrel vary widely, with
inhibition of adenosine diphosphate (ADP)-induced platelet
aggregation being normally distributed across a broad range.!!
Many studies have shown that CYP2C19*2 heterozygotes and
homozygotes have reduced active clopidogrel metabolites and
higher on-treatment platelet aggregation as compared with
*1 homozygotes.®~810:11.21 Moreover, substantial evidence
exists linking CYP2C19 genotype with clinical outcomes among
clopidogrel-treated ACS patients, particularly those undergo
ing PCI,>-1118:22-24 probably as a result of decreased formation
of the active clopidogrel metabolite. Studies linking CYP2C19
genotype with variability in clopidogrel response are summa
rized in Supplementary Tables S6 and S§7 online, and it is this

Table 1 Assignment of likely CYP2C19 phenotypes based on genotypes

Likely phenotype Genotypes

Examples of diplotypes

Ultrarapid metabolizer: normal or increased activity (~5-30%
of patients)

Anindividual carrying two increased activity alleles (*17) or
one functional allele (*1) plus one increased-activity allele (*17)

*1/*17,%17/*17

Extensive metabolizer: homozygous wild-type or normal
activity (~35-50% of patients)

Anindividual carrying two functional (*1) alleles

*1/%1

Intermediate metabolizer: heterozygote or intermediate
activity (~18-45% of patients)

Anindividual carrying one functional allele (*1) plus one loss-of- *1/*2,*1/%3,*2/*17
function allele (*2-*8) or one loss-of-function allele (¥*2-*8) plus

one increased-activity allele (*17)

Poor metabolizer: homozygous variant, mutant, low, or
deficient activity (~2-15% of patients)

An individual carrying two loss-of-function alleles (¥2-*8)

*2/%2,%2/*3,%3/*3

Some rare genotype combinations have unclear predicted metabolic phenotypes; see Supplementary Table S5 online.
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body of evidence, rather than randomized clinical trials, that
provides the basis for genotype-informed therapeutic recom
mendations when considering treatment with clopidogrel
(Table 2). Of note, the most definitive studies showing a rela
tionship between CYP2CI19 genotype and clopidogrel response
have predominantly been conducted in ACS patients, almost all
of whom underwent PCI. Therefore, these recommendations do
not apply to other situations in which clinicians may consider
using clopidogrel, such as medical management of ACS, stroke,
and peripheral artery disease2%26

Large meta-analyses (Supplementary Table S7 online) have
shown that clopidogrel-treated ACS patients undergoing PCI
who are CYP2C19*2 heterozygotes or homozygotes have an
increased risk for major adverse CV events as compared with
*I homozygotes (hazard ratio (HR) = 1.55, 95% confidence
interval (CI) = 1.11-2.17 for heterozygotes; HR = 1.76, 95%
CI = 1.24-2.50 for homozygotes) and increased risks of stent
thrombosis (HR = 2.67, 95% CI = 1.69-4.22 for heterozygotes;
HR = 3.97, 95% CI = 1.75-9.02 for homozygotes).?” Additional
meta-analyses have replicated the association between CYP2CI19
genotype and stent thrombosis, with reported odds ratios rang
ing from 1.75 to 3.82 among *2 heterozygotes and homozygotes
(Supplementary Table S7 online).

As described above, a lack of effect of CYP2C19 loss-of-func
tion alleles on adverse CV outcomes has been reported among
clopidogrel-treated patients with lower clinical risks (e.g., in
clinical trials with fewer coronary patients undergoing PCI with
stenting and in patients receiving clopidogrel for atrial fibrilla
tion and stroke). >® Consistent with these findings, meta-analyses
that include studies with low frequencies of PCI, patients with
out coronary disease, follow-up periods beyond the duration of
clopidogrel therapy, or non-CV outcomes have not supported
a major role for CYP2C19in clopidogrel response variability in
these patient populations®® (Supplementary Table S7 online).
Consequently, widespread adoption of CYP2C19-guided anti
platelet therapy for all patients is not recommended. Rather, this
guideline is an example of indication-specific clinical pharma
cogenetics whereby CYP2C19 genotype-directed antiplatelet
therapy is limited predominantly to ACS patients managed with
PCI (ACS/PCI) 28 Although there are limited data regarding the
potential role of CYP2C19 for elective PCI cases treated with

clopidogrel, these guidelines may also be considered for these
patients. However, the lack of indication for other US Food and
Drug Administration—-approved antiplatelet agents (e.g., prasug
rel and ticagrelor) for treatment of elective PCI must be balanced
with the boxed warning on the clopidogrel label recommend
ing consideration of alternative antiplatelet therapy in CYP2C19
PMs with ACS or PCL

The growing body of literature implicating CYP2C19*2 (and
probably other loss-of-function alleles) in adverse clopidogrel
responses prompted the Food and Drug Administration to
implement a boxed warning on the clopidogrel label describ
ing the relationship between CYP2C19 pharmacogenetics and
drug response among ACS/PCI patients, particularly noting the
diminished effectiveness in PMs. Because the Food and Drug
Administration warning does not require genetic testing to initi
ate clopidogrel therapy; if a patient’s genotype is unknown, the
decision to perform CYP2C19 testing is up to the individual
clinician.

Genetic test interpretation

Clinical genotyping tests are available that interrogate variant
CYP2C19 alleles and predict an individual’s CYP2C19 metab
olizer phenotype (Supplementary Materials and Methods
online). Each named star (*) allele is defined by the genotype
at one or more specific single-nucleotide polymorphisms
(Supplementary Table S1 online) and is associated with a level
of enzyme activity (Supplementary Table S2 online). Table 1
and Supplementary Table S5 online summarize the assignment
of the likely CYP2C19 phenotype based on common star allele
diplotypes, and these assignments are used to link genotypes
with personalized antiplatelet therapy.

Available genetic test options

A number of Clinical Laboratory Improvement Amendments-
certified laboratories offer targeted genetic testing for
CYP2C19*2, *3, and other variant alleles (see Supplementary
Materials and Methods online). A voluntary listing of test
ing providers and related genetic test information is publically
available through the Genetic Testing Registry of the National
Institutes of Health: http://www.ncbi.nlm.nih.gov/gtr/. At the
time of this writing, only the CYP2C19*2 and *3 alleles have

Table2 Antiplatelet therapy recommendations based on CYP2C19 status when considering clopidogrel for ACS/PCl patients

Phenotype (genotype) mplications for clopidogrel

Classification of

Therapeutic recommendations recommendations?®

Ultrarapid metabolizer (UM) Normal (EM) or increased (UM) platelet Clopidogrel: label-recommended Strong
(*1/¥17,*17/%17) and extensive inhibition; normal (EM) or decreased (UM)  dosage and administration
metabolizer (EM) (*1/*1) residual platelet aggregation®
Intermediate metabolizer Reduced platelet inhibition; increased Alternative antiplatelet therapy (if Moderate
(*1/%2,%1/%3,*2/*17) residual platelet aggregation; increased no contraindication), e.g., prasugrel,

risk for adverse cardiovascular events ticagrelor
Poor metabolizer (¥2/*2, *2/*3, *3/*3) Significantly reduced platelet inhibition; Alternative antiplatelet therapy (if Strong

increased residual platelet aggregation;
increased risk for adverse cardiovascular

events

no contraindication), e.g., prasugrel,
ticagrelor

?See Supplementary Materials and Methods (Strength of Therapeutic Recommendations) online. bThe CYP2C19*17 allele may be associated with increased bleeding risks (ref. 15).

ACS, acute coronary syndrome; PCl, percutaneous coronary intervention.
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been adequately studied with respect to clinical outcomes on
clopidogrel, although other known loss-of-function alleles with
lower frequencies (e.g., *4 *8) also likely influence clopidogrel
response (see Supplementary Materials and Methods online).

CYP2C19 sequencing and novel variants

In addition to targeted genotyping, clinical laboratories may
test CYP2C19 by direct sequencing, and clinical whole-exome
and whole-genome sequencing programs are increasingly being
deployed across academic medical centers and commercial labo
ratories. Sequencing-based tests capture the common CYP2C19
variants (e.g., *2 and *3) but will also identify both rare (e.g.,
*4 *8) and novel CYP2C19variant alleles that have untested
clinical significance with respect to clopidogrel response
(Supplementary Materials and Methods online). Available
evidence suggests that CYP2CI9 and other drug metabolism
genes are highly polymorphic. Although it is challenging to
infer any association with clopidogrel response in the context
of a novel CYP2C19 sequence variant, reported variants that
are “pathogenic” or “likely pathogenic” (based on the American
College of Medical Genetics and Genomics consensus nomen
clature) may act in a manner biologically consistent with other
common loss-of-function alleles (e.g., *2 *8) because these are
sequence alterations that typically result in an upstream poly
peptide frameshift, premature or mutated stop codon, or canoni
cal splice-site mutation. Novel CYP2C19 variants classified as
having “unknown significance” (e.g., missense alterations, in-
frame insertions/deletions, and nonconserved nucleotide sub
stitutions) or “likely benign” should not be assumed to mimic
the biological consequences of known CYP2C19 loss-of-func
tion alleles and their established roles in clopidogrel response
variability.

Incidental findings

There are no diseases or conditions that have been convincingly
linked to variation in the CYP2C19 gene independent of drug
metabolism and response.

Other considerations

CYP2C19loss-of-function alleles do not account for all the vari
ability in clopidogrel response. Some studies have implicated
variants in other genes associated with clopidogrel response
(e.g., ABCBI, CES1, CYP2B6, CYP2C9, P2RY12, and PONI;
see Supplementary Materials and Methods online for review);
however, these have not been consistently replicated.

THERAPEUTIC RECOMMENDATIONS

CPIC guidelines are designed to help clinicians understand
how available genetic test results can be used to optimize drug
therapy rather than to recommend in whom pharmacogenetic
testing should be conducted. With the growing ease and avail
ability of genetic testing and other sequencing programs, an
increasing number of patients in the near future may already
know their CYP2C19 genotype status at the time of treatment,
and this document provides guidance on clinical manage
ment for those in whom genotype is available or for whom the

clinician chooses to order a CYP2CI19 genotyping test. With
respect to other professional statements, the 2012 American
College of Cardiology Foundation/American Heart Association
ACS guidelines noted that genetic testing for CYP2C19loss-of-
function alleles may be considered on a case-by-case basis, espe
cially for patients who experience recurrent ACS events despite
ongoing therapy with clopidogrel?® In addition, the committee
recommended that genotyping might be considered if results of
testing may alter management, which they suggest until better
clinical evidence exists to provide a more scientifically derived
recommendation.?’

Optimal individualized antiplatelet treatment should maxi
mize benefit by reducing risk of recurrent CV events while
minimizing adverse effects such as bleeding. Prasugrel is an
approved antiplatelet agent that was superior to clopidogrel in
a large-scale randomized trial of ACS patients with planned
PCI, with an HR for CV death, myocardial infarction, or stroke
for prasugrel vs. clopidogrel of 0.81 (95% CI = 0.73-0.90,
P <0.001), as well as a 42% reduction in stent thrombosis.>’
However, it may not represent a substitute for clopidogrel in all
patients due to an increased risk of non-coronary artery bypass
grafting TIMI major bleeding (HR = 1.32,95% CI = 1.03-1.68;
P =0.03), including fatal bleeding (prasugrel = 0.4% vs. clopi
dogrel = 0.1%; P = 0.002);° its contraindication in some patients
(e.g., history of transient ischemic attack, stroke, or intracranial
bleeding); and the lower expense of generic clopidogrel follow
ing the recent expiration of its patent. Of note, the benefit of
prasugrel over clopidogrel was found to be greater in patients
with a CYP2C19]oss-of-function allele, *! with no significant
difference estimated in composite outcome risk between the two
antiplatelet agents among CYP2CI9extensive metabolizers (i.e.,
*1/*1 patients).>?

In addition to prasugrel, ticagrelor is a recently approved anti
platelet agent that also was superior to clopidogrel in a large-
scale randomized trial of ACS patients with an HR for CV death,
myocardial infarction, or stroke for ticagrelor vs. clopidogrel of
0.84 (95% CI = 0.77-0.92; P< 0.001),>* including a 26% reduc
tion in stent thrombosis and 18% reduction in all-cause mor
tality. In the genetic substudy, as compared with clopidogrel,
ticagrelor reduced the primary end point by 23% among patients
carrying any CYP2C19loss-of-function allele (8.6 vs. 11.2%;
HR =0.77,95% CI = 0.60-0.99; P = 0.0380) and 14% among
patients without any CYP2C19 loss-of-function allele (8.8 vs.
10.0%; HR = 0.86, 95% CI = 0.74-1.01), although this reduc
tion did not reach statistical significance (P=0.0608). However,
formal interaction testing that evaluated if the effect of ticagrelor
vs. clopidogrel varied by genotype was also not significant. Of
note, the benefit of ticagrelor as compared with clopidogrel was
subsequently shown to appear to be most pronounced among
the subset of patients with CYP2C19 loss-of-function alleles who
were undergoing PCI (carriers: 7.7 vs. 10.6%, HR = 0.71; noncar
riers: 7.4 vs. 8.2%, HR = 0.90)3* In addition, it is not known to
what extent twice-daily dosing may affect the efficacy of ticagre
lor relative to clopidogrel in a real-world setting.

Despite the improvements in overall efficacy reported for
prasugrel and ticagrelor as compared with clopidogrel, it is
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anticipated that clopidogrel will continue to be a widely pre
scribed medication for ACS/PCI patients. Genotype-directed
therapy could identify patients who benefit most from alterna
tive antiplatelet therapy. For clinicians considering treatment
with clopidogrel, Table 2 and Figure 1 summarize the therapeu
tic recommendations for antiplatelet therapy based on CYP2C19
status. Standard dosing of clopidogrel, as recommended in the
product insert, is warranted among ACS/PCI patients with a
predicted CYP2C19 extensive metabolizer or ultrarapid metabo
lizer phenotype (i.e., *1/*1, *1/*17,and *17/*17).32If genotyping
from a Clinical Laboratory Improvement Amendments—certi
fied laboratory identifies a patient asa CYP2C19 PM (i.e., *2/*2),
current literature supports the use of an alternative antiplatelet
agent (e.g., prasugrel or ticagrelor) when not contraindicated
clinically.10-30,31,35-37

The most challenging patient population to address is the
CYP2C19 IM phenotype (e.g., *1 /2, *1/*3, and *2/*17). IMs
have higher on-treatment residual platelet activity on average
as compared with extensive metabolizers,*~%1%11 and ACS/
PCI CYP2C19*2 heterozygotes treated with clopidogrel have
increased risks for serious adverse CV outcomes, including
stent thrombosis”’ (see Supplementary Materials and Methods
online). Consequently, these data support switching to an alter
native antiplatelet agent for IMs when not contraindicated.
However, given the wide interindividual variability in residual
platelet activity observed among clopidogrel-treated IMs, clinical
judgment also taking into account other factors that may place
an IM at increased risk of a CV event (or adverse bleeding event)
must be considered to most effectively individualize therapy.

In addition, although these guidelines have been focused
on CYP2C19*2and *3, many clinical genotyping platforms
include other variant alleles (e.g., *4 *8 and *17) that can
alter a patient’s predicted metabolizer phenotype interpreta
tion (Supplementary Table S5 online). As mentioned above,
the *4 *8 alleles have strong in vitro evidence for complete
loss of function of the CYP2C19 enzyme (see Supplementary
Materials and Methods online for references). Consequently,
when these alleles are identified among ACS/PCI patients

Considering antiplatelet therapy
with clopidogrel for ACS/PCI

I
[ CYP2C19genotype results’ ]
|

| | | |
[ UM PM

(1717, *17/*17) (*2/*2, *2/*3, *3/*3)
|

Consider altemative amiplateletzagent
(e.g., prasugrel, ticagrelor)

EM IM
(*1/71) (*1/°2, *1/*8, *2/*17)

[ Standard dosing of clopidogrel J [

Figure 1 Algorithm for suggested clinical actions based on CYP2C719
genotype when considering treatment with clopidogrel for ACS patients
undergoing PCI (ACS/PCI). ' Other rare CYP2C19 genotypes exist beyond
those illustrated (see Supplementary Materials and Methods online for
other genotypes and frequencies).2Note that prasugrel and ticagrelor are
recommended only when not contraindicated clinically. ACS, acute coronary
syndrome; EM, extensive metabolizer; IM, intermediate metabolizer; PCl,
percutaneous coronary intervention; PM, poor metabolizer; UM, ultrarapid
metabolizer.

treated with clopidogrel, they should be considered as influ
encing clopidogrel metabolism and clinical outcomes consistent
with the *2 loss-of-function allele.

CLOPIDOGREL DOSE ESCALATION
Recent studies that have evaluated a significantly increased

clopidogrel loading and/or maintenance dosing strategy in both
healthy subjects and ACS patients have reported improved plate
let inhibition among CYP2C19*2 heterozygotes (IMs) based on
ex vivo platelet aggregation but only nominal improvement
among homozygotes (PMs) (see Supplementary Table S8
online). Large clinical trials that evaluated higher-dose clopi
dogrel in ACS/PCI patients with high on-treatment platelet
reactivity have concluded that adjusting clopidogrel dose on the
basis of platelet function monitoring alone does not reduce the
incidence of death from CV causes, nonfatal myocardial infarc
tion, or stent thrombosis383° However, typically these trials only
doubled the clopidogrel maintenance dose, which may not be
adequate on the basis of recent studies that suggest that even
higher doses may be required to achieve adequate platelet inhi
bition among CYP2C19*2 heterozygotes (see Supplementary
Table S8 online). Given these data and the lack of clinical out
come studies for clopidogrel dose adjustment on the basis of
CYP2C19 status alone, it is currently premature to support an
increased dosing strategy based on CYP2C19 genotype. Future
versions of these guidelines (updated on www.pharmgkb.org)
will continue to incorporate results from ongoing clinical trials
designed to address these and other emerging issues, including
the potential role for platelet function monitoring.

OTHER CONSIDERATIONS

Diabetes mellitus, age, and body mass index are associated
with high on-treatment residual platelet aggregation, and use
of certain proton pump inhibitors may also affect clopidogrel
response.

Potential benefits and risks for the patient

The potential benefits of CYP2C19testing are that when consid
ering treatment with clopidogrel in ACS/PCI patients, genotypes
that confer a higher risk of a CV event on clopidogrel can be
identified, and an alternative antiplatelet strategy can be insti
tuted. Although there is mounting evidence associating deficient
CYP2C19 with increased risks of adverse CV outcomes in clopi
dogrel-treated ACS/PCI patients, the absence of randomized
clinical trial evidence that CYP2C19 genotyping improves out
comes must be acknowledged. Furthermore, although CYP2C19
genotyping is straightforward and reliable when performed in
qualified laboratories, as with any laboratory test, an additional
possible risk to the patient is an error in genotyping. Because
genotypes are lifelong test results, any such error could have
adverse health implications for the life of the patient.

Caveats: appropriate use and/or potential misuse of genetic
tests

If pursuing CYP2CI19 genotyping, one of the challenges is
the need for rapid turnaround time of results. It would be
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advantageous to have the results before initiating antiplatelet
therapy because the largest number of potentially preventable

recurrent events occur early in treatment. For example, among
other clinical and genetic factors, CYP2C19*2 has recently been

associated with definite early stent thrombosis in a case-control
study.22 Therefore, if CYP2C19 genotype is not already known

from prior testing, early testing and expedited reporting would
be advantageous. To address this issue, point-of-care genetic
testing systems have been developed (see Supplementary
Materials and Methods online), and some academic medical
centers have deployed preemptive genotyping programs for
selected patient populations.

Of note, as described above, these recommendations apply
predominantly to ACS patients undergoing PCI. Current data
do not support the use of CYP2C19 genotype data to guide
treatment in other scenarios.”>***’In addition, at the time of
this writing, there are no data available on the possible role of
CYP2C19 in clopidogrel response in pediatric patient popu
lations; however, there is no reason to suspect that CYP2C19
variant alleles would affect clopidogrel metabolism differently
in children as compared with adults.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at
http://www.nature.com/cpt
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ABSTRACT (75 WORDS)

This document is an update to the 2011 Clinical Pharmacogenetics Implementation Consortium
(CPIC) guideline for CYP2C9 and VKORC1 genotypes and warfarin dosing. Evidence from the
published literature is presented for CYP2C9, VKORC1, CYP4F2, and rs12777823 genotype-
guided warfarin dosing to achieve a target international normalized ratio of 2-3 when clinical
genotype results are available. In addition, this updated guideline incorporates recommendations

for adult and pediatric patients that are specific to continental ancestry.
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INTRODUCTION

Warfarin is a widely used anticoagulant with a narrow therapeutic index and large inter-patient
variability in the dose required to achieve target anticoagulation. Common genetic variants in
CYP2C9, VKORC1, CYP4F2 and the CYP2C cluster (e.g., rs12777823), plus known non-genetic
factors, account for ~50% of warfarin dose variability. This document is an update to the 2011
Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline for CYP2C9 and
VKORC1 genotypes and warfarin dosing and aims to assist in the interpretation and use of
CYP2C9, VKORCL1, CYP4F2, and rs12777823 genotypes to estimate therapeutic warfarin dose
among patients with a target international normalized ratio (INR) of 2-3, should clinical
genotype results be available to the clinician. The Clinical Pharmacogenetics Implementation
Consortium (CPIC) of the National Institute of Health’s Pharmacogenomics Research Network
develops peer-reviewed gene/drug guidelines that are published and updated periodically on

https://cpicpgx.org/genes-drugs/ and http://www.pharmgkb.org based upon new developments in

the field (1). These guidelines were written with a global audience in mind, although the majority
of the data that underpin these guidelines arise from people of European ancestry, East Asia and

African Americans.

FOCUSED LITERATURE REVIEW

The Supplement includes a systematic literature review on CYP2C9, VKORC1, CYP4F2 and
other relevant genes/genotypes that have been associated with warfarin dosing. This systematic
review forms the basis for the recommendations contained in this guideline. Although some of
these genes have also been associated with dose of other coumarin anticoagulants, the

recommendations below are specific to warfarin.
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DRUG: WARFARIN

Warfarin (Coumadin® and others) is the most commonly used oral anticoagulant worldwide,
with annual prescriptions in the Western world typically equaling 0.5 to 1.5% of the population
(2). Itis prescribed for treatment and prevention of thromboembolic disorders (3). Although
highly efficacious, warfarin dosing is notoriously challenging due to its narrow therapeutic index
and wide inter-individual variability in dose requirements even among patients with the same
target INR (4). Complications from inappropriate warfarin dosing are among the most frequently
reported adverse events to the U.S. Food and Drug Administration (FDA) and one of the most

common reasons for emergency room visits (5).

Warfarin is usually dosed empirically: an initial dose is prescribed, typically followed by at least
weekly measurement of the INR and subsequent dose adjustment. The initial dose is often based
on population averages (e.g., 4-5 mg/day), but in some settings, it is common to use loading
doses during the first few days of anticoagulation. Irrespective of the method used to initiate
warfarin, stable doses to achieve an INR of 2-3 range from 1 to 20 mg/day. The iterative process
to define the appropriate dose can take weeks to months and during this period, patients are at

increased risk of over- or under-anticoagulation, and thus risk of bleeding or thromboembolism.

Warfarin pharmacology and pharmacokinetics. Figure 1 highlights key elements of warfarin
pharmacology and pharmacokinetics. Warfarin inhibits vitamin K epoxide reductase complex

(6) and is administered as a racemic mixture, with S-warfarin being more potent than R-warfarin

(3).
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GENES: CYP2C9, VKORC1 AND CYP4F2

There is substantial candidate gene literature evaluating associations with warfarin dose
requirements, as well as several reported genome-wide association studies (Supplemental
Tables S1-S7). The genes with the strongest literature support, and for which we make
recommendations for use in warfarin dosing, are CYP2C9, VKORC1 and CYP4F2. Additionally,
genome-wide association studies have identified an independently significant single nucleotide
polymorphism (SNP) in the CYP2C cluster (7), which has also been incorporated into this

updated recommendation.

CYP2C9 and warfarin

CYP2C9 is a hepatic drug-metabolizing enzyme in the cytochrome P450 (CYP450) superfamily
(8), and is the primary metabolizing enzyme of S-warfarin (Figure 1). CYP2C9 has over 60
known variant alleles (http://www.cypalleles.ki.se/cyp2c9.htm; CYP2C9 allele definition table
(9)). Individuals homozygous for the reference CYP2C9 allele (CYP2C9*1) have the “normal
metabolizer” phenotype. Each named CYP2CO9 star (*) allele is defined by one or more specific
SNPs and to date, and 18 alleles have been associated with decreased enzyme activity (CYP2C9
allele definition table-(9)). The two most common decreased function alleles among
individuals of European ancestry are CYP2C9*2 (c.430C>T; p.Argl44Cys; rs1799853) and
CYP2C9*3 (c.1075A>C; p.lle359Leu; rs1057910) (8). CYP2C9 allele frequencies differ

between racial/ethnic groups (8, 10).

In vitro and in vivo studies suggest CYP2C9*2 and *3 impair metabolism of S-warfarin by ~30-

40% and ~80-90%, respectively (8). Compared to patients homozygous for CYP2C9*1,
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individuals who inherit one or two copies of CYP2C9*2 or *3 are at greater risk of bleeding
during warfarin therapy (11, 12), require lower doses to achieve similar levels of anticoagulation,
and require more time to achieve a stable INR (11) (Supplemental Table S1). Additional
CYP2C9 alleles (CYP2C9*5, *6, *8, and *11) are associated with decreased function of the
CYP2C9.enzyme and contribute to dose variability. These alleles are found with the highest
frequency among those of African ancestry, and collectively are more common than CYP2C9*2

and *3 in that population (CYP2C9 frequency table; (9)).

VKORC1 and warfarin
VKORCL1 encodes the vitamin K epoxide reductase protein, the target enzyme of warfarin (6).
VKORCL1 catalyzes the conversion of vitamin K-epoxide to vitamin K, which is the rate-limiting

step in vitamin K recycling (13).

A common variant upstream of VKORC1 (c.-1639G>A, rs9923231) is significantly associated
with warfarin sensitivity and patients with one or two -1639A require progressively lower
warfarin doses than -1639G/G homozygotes (10, 14-18). The -1639G>A polymorphism is

present on a haplotype that affects VKORCL1 protein expression. (18).

Other common VKORC1 SNPs or haplotypes do not further improve warfarin dose prediction
(10, 16). The c.-1639G>A allele frequency varies among different ancestral populations
(VKORCL1 frequency table; (19)), and largely explains the differences in average dose
requirements between whites, blacks and Asians (10, 17). Several rare non-synonymous
VKORCL variants confer warfarin resistance (high dose requirements) and are detailed in

Supplemental Table S2 (20).
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CYP4F2 and warfarin

CYP4F2 is a primary liver vitamin K oxidase that catalyzes the metabolism of vitamin K to
hydroxy-vitamin K1 and removes vitamin K from the vitamin K cycle (21) (Figure 1). It acts as
an important counterpart to VKORCL1 in limiting excessive accumulation of vitamin K. The non-
synonymous variant CYP4F2*3 (c.1297G>A; p.Val433Met; rs2108622) was first shown to
affect enzyme activity and associated with warfarin dose in three independent white cohorts (22-
24). Furthermore, including this CYP4F2 variant in warfarin dosing models that included
CYP2C9, VKORCL1 and clinical factors improved the accuracy of dose prediction (25). This
correlation has been confirmed in subsequent studies with those of European and Asian ancestry,
though not those of African ancestry (26, 27). Two large meta-analyses (one in Han Chinese that
pulled in substantial Chinese literature) provide the best estimates for the influence data of
CYP4F2*3 on warfarin dose requirements (26, 27). They suggest statistically significant but

modest impacts of 8-11% higher warfarin doses in A allele carriers (Supplemental Table S3).

CYP2C rs12777823 and warfarin

rs12777823 is a SNP in the CYP2C cluster near the CYP2C18 gene on chromosome 10 and is
associated with a clinically relevant effect on warfarin dose through significant alterations in
warfarin clearance, independent of CYP2C9*2 and *3 (7). This association was first identified
through a genome-wide association study in African Americans (p=1.51x10"®) and confirmed in
a replication cohort (p=5.04x10"°); meta-analysis of the two cohorts together produced a p value
of 4.5 x1072. This study concluded that African Americans who are heterozygous or

homozygous for the rs12777823 A allele require a dose reduction of ~ 7 or 9 mg/week,
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respectively (7). Regression analysis showed that addition of this SNP improves the dosing
algorithm published by the International Warfarin Pharmacogenetics Consortium (IWPC) by
21%. Further studies have demonstrated the importance of this SNP in African Americans (28).
Although this variant is common in other ethnic populations, an association with warfarin dose
has only been detected among African Americans suggesting it is not the underlying cause but
likely inherited with other variant(s) on a haplotype that influences warfarin dose in this
population. Of note, an association was not observed in a cohort of Egyptians, thus it is not
possible to make broad statements about this allele in people of continental African ancestry.
Most African Americans are of West African ancestry; it is unknown whether similar

associations are present in individuals from other parts of Africa.

Genetic Test Interpretation

CYP2C9. Clinical laboratories typically report CYP2C9 genotype results using the star (*) allele
nomenclature system and an interpretation that includes a predicted metabolizer phenotype.
Most FDA-approved CYP2C9 tests include only *2 and *3, which is not as informative for
African ancestry populations; however, some clinical laboratories may offer expanded CYP2C9
panels validated as laboratory developed tests (LDTSs) (for allele frequencies see: CYP2C9

frequency table (9)).

VKORCI. Clinical laboratories typically report VKORCL1 genotype results by ¢.-1639G>A (or
the linked 1173C>T; rs9934438) genotype (e.g., G/A) and an interpretation on warfarin
sensitivity. Most commercial genotyping platforms do not detect rare VKORC1 variants that

have been associated with warfarin resistance (VKORCL1 frequency table (19)).
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CYP4F2. Although not as commonly tested for as CYP2C9 and VKORCL1, some clinical
laboratories may also test for CYP4F2 using a targeted genotyping laboratory developed test to
detect CYP4F2*3 (c.1297G>A, p.Val433Met; rs2108622) variant. Results are typically reported
by nucleotide (e.g., G/A), amino acid (e.g., Val/Met) or star (*) allele (*1/*3) genotype and an

interpretation related to warfarin dosing.

CYP2C rs12777823. Given the recent identification of the association between rs12777823
(0.96405502G>A) and warfarin dosing among African Americans, most clinical laboratories do
not.currently include this non-coding variant in their warfarin pharmacogenetic genotyping
panels. However, the increasing accessibility of clinical research genomics programs that return
actionable results and the notable effect of this variant among African Americans suggests that
some patients may have genotype results for this variant in the future. Results would likely be

reported by genotype (e.g., G/A) and an interpretation related to warfarin dosing.

Genetic test options
Commercially available genetic testing options change over time. Additional information about
pharmacogenetic testing can be found at the Genetic Testing Registry

(http://www.ncbi.nlm.nih.gov/qtr/).

Incidental findings

No diseases have been linked to common CYP2C9 variants independent of drug metabolism and
response. Similarly, no diseases have been consistently linked to common VKORC1 and
CYP4F2 variants that are interrogated in warfarin response tests. However, homozygosity for

rare coding mutations in VKORC1 are a known cause of combined deficiency of vitamin K-
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dependent clotting factors-2 (VKCFDZ2), which is a rare and potentially fatal bleeding disorder

that can be reversed by oral administration of vitamin K (29).

Linking genetic variability to variability in drug-related phenotypes

Common.variants in CYP2C9, VKORC1, and CYP4F2 account for up to 18%, 30%, and 11%
respectively, of the variance in stable warfarin dose among patients of European ancestry (10,
16, 17, 30, 31), but because of differing allele frequencies across populations, these variants
explain less of the dose variability in patients of other ancestries. In particular, CYP2C9*2 is
virtually absent in Asians, and additional CYP2C9 alleles (e.g. *5, *6, *8, and *11 alleles) occur
almost exclusively in persons of African ancestry and contribute to dose variability in this

population. Other genes of potential importance are discussed in the Supplemental Material.

Published in 2013, the European Pharmacogenetics of Anticoagulant Therapy (EU-PACT) and
Clarification of Optimal Anticoagulation through Genetics (COAG) trials examined the efficacy
of genotype-guided warfarin dosing in randomized controlled trials (32, 33). In a homogenous
European population, the EU-PACT trial showed shorter time to stable dose, improved percent
time in therapeutic range, and reduced number of episodes with an INR>4 using a
pharmacogenetic dosing algorithm compared to standard dosing (33). The COAG trial was
conducted in an ethnically diverse cohort with 27% of participants of African ancestry (32).
Overall, COAG did not show a difference in time to stable dose, percent time in therapeutic
range, reduction in number of episodes with INR >4 or <2, or bleeding risk with a
pharmacogenetic dosing algorithm compared to a clinical algorithm. In non-blacks, the

pharmacogenetic dosing algorithm arm had more patients whose stable dose was within 1 mg per
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day of the algorithm-predicted dose (57 vs 39%, respectively). In contrast, the pharmacogenetic
dosing-algorithm was less accurate at predicting within 1 mg/day of the stable dose than the
clinical algorithm in blacks (38 vs 48% respectively) (32). Blacks were more likely to have an
INR above range with pharmacogenetic dosing, which could be due to the genotyping panel in
the COAG trial being limited to CYP2C9*2, *3 and VKORC1 ¢.-1639G>A. Other variants that
influence warfarin dose and are more common in blacks (i.e., CYP2C9*5, *6, *8, and *11 and
rs12777823) were not genotyped in the COAG trial and their absence likely led to significant
overdosing in patients with these alleles (10, 34). Consequently, this updated CPIC guideline
recommends against pharmacogenetic dosing of warfarin in blacks when only CYP2C9*2 and *3

genotype results are available.

The Genetics-InFormatics Trial (GIFT) is an on-going randomized controlled trial examining the
effectiveness and safety of genotype-guided dosing in orthopedic patients with composite
endpoints for symptomatic and asymptomatic venous thromboembolism, major hemorrhage,
INR >4, and death (35). GIFT includes genotyping for CYP2C9*2 and *3, CYP4F2*3, and
VKORC1-1639, but does not include the African-specific CYP2C9 alleles or rs12777823. At the

time of this publication, results from the GIFT trial were not available.

Therapeutic Recommendations: Adults

Recommendations for warfarin maintenance (chronic) dosage based on genetic information.
We use the three-tiered rating system described previously (and in Supplemental Material) (1)
in'which ratings of strong, moderate, and optional are applied based on the evidence reviewed.

The recommendations for dosing based on genotype contained herein include recommendations
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and are derived from numerous observational and prospective studies, and randomized trials that
suggest the ability to more accurately identify stable therapeutic warfarin dose requirements
through use of both genetic and clinical information. Data from prospective studies and
randomized controlled trials are equivocal on whether the improvement in dosing prediction by
pharmacogenetics dosing leads to improved clinical outcomes. The majority of the literature
underpinning these guidelines arises from individuals of European ancestry, African Americans,
and East Asians. However, the more limited literature in other populations generally suggests the

guidelines are appropriate in them also.

Numerous studies have derived warfarin dosing algorithms that use both genetic and non-genetic
factors to predict warfarin dose (16, 17, 36, 37). Two algorithms perform well in estimating
stable warfarin dose (16, 17) and were created using more than 5000 subjects, though as noted
above, more recent data suggest they do not perform acceptably in African Americans when used
without modification for CYP2C9 alleles frequently found in the African population (32). The
Gage and IWPC algorithms or minor adjustments to them have also been the algorithms used in
both randomized controlled trials and most of the prospective dosing studies. Dosing algorithms
using genetic information outperform non-genetic clinical algorithms and fixed-dose approaches
in dose prediction, except in African Americans when the algorithm only includes CYP2C9*2
and *3 (16, 17, 32). Genetics-based algorithms also better predict warfarin dose than the FDA-

approved warfarin label table (38).

Pharmacogenetic algorithm-based warfarin dosing. This guideline recommends that

pharmacogenetic warfarin dosing be accomplished through the use of one of the
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pharmacogenetic dosing algorithms described above, as summarized in Figure 2. These
algorithms, as originally published, are available in the Supplement and the dosing algorithm
published by IWPC is also online at

http://www.pharmgkb.org/do/serve?objld=PA162372936&0bjCls=Dataset#tabview=tab2. The

two algorithms provide very similar dose recommendations. The clinical and genetic
information used in one or both algorithms is shown in box 1. These algorithms compute the
anticipated stable daily warfarin dose to one decimal and the clinician must then prescribe a
regimen (e.g., an estimate of 4.3 mg/day might be given as 4 mg daily except 5 mg two days per
week). An additional “dose revision” algorithm, that can be used on days 4-5 of therapy for dose
refinement and uses genetic information, was tested in COAG and EU-PACT and can also be

used (36) (Supplemental Table S5).

It is important to note that these algorithms do not include CYP4F2, CYP2C9*5, *6, *8, or *11
or rs12777823, and incorporation of these should be added when results are available, as
described in Figure 2. Thewarfarindosing.org website contains both algorithms, the Gage
algorithm (16) as the primary algorithm and the IWPC algorithm (17) as the secondary algorithm
and can adjust for CYP4F2, CYP2C9*5 and *6. If utilizing warfarindosing.org, the user should
be clear on whether the algorithm is or is not incorporating genotypes beyond CYP2C9 *2 and *3

and VKORC1, which are the only three genotypes in the original version of both algorithms.

Pharmacogenetics-informed loading (or initiation) dose calculations.

The use of a different initial warfarin dose (or “loading dose”) is somewhat controversial and

plays different roles in different regions of the world, based on experience and local standards.
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Recent data from a diverse U.S. based cohort suggest that failure to provide a loading dose in
patients with zero or one variant alleles in VKORC1 or CYP2C9 may delay time to therapeutic
INR and reduce time in therapeutic range in the initial month of therapy (39) . A genetically-
guided loading dose approach was developed by Avery et al. (37) and a slightly modified version
was successfully implemented in the EU-PACT trial (33). In COAG CYP2C9 variant alleles
were not considered for the initial dose, providing a small loading dose on day 1. Whether
differences in loading dose strategies between the EU-PACT and COAG trials contributed to
differing results is not known. If loading doses are to be used, a genetically-informed approach to
calculating the loading dose may be helpful. The majority of the experience with a genetically-
informed loading regimen is in those of European ancestry. Determination of maintenance dose

would be as described above.

Non-African ancestry recommendation. In patients who self-identify as non-African ancestry,
the recommendation, as summarized in Figure 2, is to: 1) calculate warfarin dosing using a
published pharmacogenetic algorithm (16, 17), including genotype information for VKORC1-
1639G>A and CYP2C9*2 and *3. In individuals with genotypes associated with CYP2C9 poor
metabolism (e.g., CYP2C9 *2/*3, *3/*3) or both increased sensitivity (VKORC1-1639 A/A) and
CYP2C9 poor metabolism, an alternative oral anticoagulant might be considered (40). The bulk
of the literature informing these recommendations is in European and Asian ancestry
populations, but consistent data exist for other non-African populations. These
recommendations are graded as STRONG. 2) If a loading dose is to be utilized, the EU-PACT
loading dose algorithm that incorporates genetic information could be used (33). This

recommendation is OPTIONAL. 3) While CYP2C9*5, *6, *8, or*11 variant alleles are
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commonly referred to as African specific alleles, they can occur among individuals who do not
identify as, or know of their, African ancestry. If these variant alleles are detected, decrease
calculated dose by 15-30% per variant allele or consider an alternative agent. Larger dose
reductions might be needed in patients homozygous for variant alleles (i.e. 20-40%, e.g.
CYP2C9*2/*5). This recommendation is graded as OPTIONAL. 4) If the CYP4F2*3 (i.e.,
€.1297A, p.433Met) allele is also detected, increase the dose by 5-10%. This recommendation is
also considered OPTIONAL. 5) The data do not suggest an association between rs12777823
genotype and warfarin dose in non-African Americans, thus rs12777823 should not be

considered in these individuals (even if available).

African ancestry recommendation. In patients of African ancestry, CYP2C9*5, *6, *8, *11 are
important for warfarin dosing. If these genotypes are not available, warfarin should be dosed
clinically without consideration for genotype. If CYP2C9*5, *6, *8, and *11 are known, then the
recommendation, as shown in Figure 2, is to: 1) calculate warfarin dose using a validated
pharmacogenetic algorithm, including genotype information for VKORC1 ¢.-1639G>A and
CYP2C9*2 and *3 (16, 17); 2) if the individual carriers a CYP2C9*5, *6, *8, or *11 variant
allele(s), decrease calculated dose by 15-30%. Larger dose reductions might be needed in
patients who carry two variant alleles (e.g., CYP2C9*5/*6) (i.e. 20-40% dose reduction). 3) In
addition, rs12777823 is associated with warfarin dosing in African Americans (mainly
originating from West Africa). Thus, in African Americans a dose reductions of 10-25% in those
with rs12777823 A/G or A/A genotype is recommended. These recommendations are

considered MODERATE.
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In‘individuals with genotypes that predict CYP2C9 poor metabolism or who have increased
warfarin sensitivity (VKORCL1 c.-1639 A/A) and CYP2C9 poor metabolism, an alternative oral
anticoagulant should be considered. (see Supplemental material for definitions of strength of
recommendations). As noted above, for non-African ancestry, if a loading dose is to be used, the
EU-PACT algorithm (33) that incorporates genetic information could be used to calculate
loading dose. This recommendation is OPTIONAL. The data do not support an impact on
clinical phenotype for CYP4F2 on warfarin dosing in those of African ancestry and so no

recommendation is made for use of CYP4F2 genotype data in blacks.

Recommendations for Pediatric Patients. As detailed in Supplemental Table S7, there is strong
evidence for the use of CYP2C9*2 and *3 and VKORC1-1639G>A genotype to guide warfarin
dosing in children of European ancestry. The studies in Japanese pediatric individuals are
conflicting as VKORC1 and CYP2C9 could not be adequately evaluated due to the low numbers
of CYP2C9 variant carriers. For other ethnicities, there is no evidence documenting that
VKORC1 and CYP2C9 are important. Furthermore, there are no data in children that included
CYP2C9*5, *6, *8, or *11 genotyping. Based on the current evidence, in children of European
ancestry-and if CYP2C9*2 and *3 and VKORC1-1639 genotype are available, calculate warfarin
dosing based on a validated published pediatric pharmacogenetic algorithm (Figure 3) (41, 42).
A dosing tool that can be used in children of European ancestry is available at

http://www.warfarindoserevision.com (43).

Other considerations
Given.the effects of CYP2C9 on warfarin clearance, and given that the CYP2C9 variant alleles

are associated with reduced warfarin clearance, CYP2C9 genotype may influence time to onset
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and offset of anticoagulation, as measured by INR (44). The Supplemental Material
summarizes other considerations in the dosing of warfarin, including clinical factors and
interacting drugs, some of which are included in the pharmacogenetic dosing algorithms (see
Text Box). Other genes of potential importance are detailed in the Supplemental Material and
Supplemental table S6, including CALU and GGCX. Most clinical genotyping platforms do not
include these genes, nor do the dosing tables or published algorithms. The Supplemental
Material also discusses incorporation of genetic information into the initial dose, and

alternatives to warfarin.

POTENTIAL BENEFITS AND RISKS FOR THE PATIENT

Incorporation of genetic information has the potential to shorten the time to stable INR, increase
the time within the therapeutic INR range, and reduce under-dosing or over-dosing during the
initial treatment period (33). If these benefits are achieved, they could result in a reduced risk of
bleeding and thromboembolic events (12, 45). There are also potential risks. For example, using
genetic information to guide dosing may lead to false security and inadequate INR monitoring.

In particular, there are risks of using pharmacogenetic dosing in those of African ancestry if only
CYP2C9 *2 and *3 alleles are included. Genetic-guided dosing may increase the risk for over-
dosing or under-dosing, especially in individuals who carry rare or untested variants and are
assigned as “wild-type” by default (17, 32). The cost-benefit of genetic-guided therapy depends
on the cost of genotyping and the reduction in adverse events (46), and most insurance plans do
not currently pay for warfarin pharmacogenetic testing. Although there is substantial evidence
associating CYP2C9 and VKORCL1 variants with warfarin dosing, randomized clinical trials have
demonstrated inconsistent results in terms of clinical outcomes (see Linking genetic variability to

variability in drug-related phenotypes). Although genotyping is reliable when performed in
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qualified laboratories, an additional risk is an error in genotyping or reporting of genotype.
Genotypes are life-long test results, so such error could have long-term adverse health

implications.

CAVEATS: APPROPRIATE USE AND/OR POTENTIAL MISUSE OF GENETIC
TESTS

Many pharmacogenetic dosing algorithms are developed for a target INR of 2-3 (17) and so their
utility for estimating therapeutic warfarin doses with other target INR ranges is uncertain;
however, some algorithms accommodate the target INR explicitly (16, 43). Pharmacogenetic-
guided warfarin dosing does not alter the requirements for regular INR monitoring. There are
patients for whom genetic testing is likely to be of little or no benefit, including those who
already have had long-term treatment with stable warfarin doses and those who are unable to
achieve stable dosing due to variable adherence. The greatest potential benefit is early in the
course of therapy (before therapy initiation or in the early days of therapy) (36). It is likely that
patients.on therapy for many weeks to months, with careful INR monitoring, will derive little

benefit from subsequent warfarin pharmacogenetics testing (47).

DISCLAIMER

Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines reflect expert
consensus based on clinical evidence and peer-reviewed literature available at the time they are
written and are intended only to assist clinicians in decision-making and to identify questions for
further research. New evidence may have emerged since the time a guideline was submitted for

publication. Guidelines are limited in scope and are not applicable to interventions or diseases
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not specifically identified. Guidelines do not account for all individual variations among patients
and cannot be considered inclusive of all proper methods of care or exclusive of other treatments.
It remains the responsibility of the health care provider to determine the best course of treatment
for a patient. Adherence to any guideline is voluntary, with the ultimate determination regarding
its application to be made solely by the clinician and the patient. CPIC assumes no responsibility
for any injury to persons or damage to persons or property arising out of or related to any use of

CPIC's guidelines, or for any errors or omissions.
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Text box. Patient characteristics utilized in the Gage (16), or IWPC (17) algorithms or both
e Age
e Sex
e Race
e Weight
e Height
e Smoking status
e Warfarin indication
e Target INR
e Interacting drugs
o Inhibitors: Amiodarone, statins, sulfamethoxazole, azole antifungals
o Inducers: Rifampin, phenytoin, carbamazepine
e Genetic variables
o CYP2C9 genotype
o VKORC1 genotype

o Gage algorithm can also incorporate CYP4F2 and GGCX genotypes
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Figure legends

Figure 1. Schematic representation of warfarin metabolism and its mechanism of action.
Warfarin is administered via a racemic mixture of the R- and S- stereoisomers. S-warfarin is 3-5
times more potent than R-warfarin and is metabolized predominantly to 7- and 6- hydroxyl
metabolites via CYP2C9. Warfarin exerts its anticoagulant effect through inhibition of its
molecular target VKORC1, which in turn limits availability of reduced vitamin K, leading to
decreased formation of functionally active clotting factors. These clotting factors are
glycoproteins that are post-translationally carboxylated by gamma-glutamyl carboxylase
(GGCX) to Gla-containing proteins. The endoplasmic reticulum chaperone protein calumenin
(CALU) can bind to and inhibit GGCX activity. The metabolism of reduced vitamin K to
hydroxyvitamin K1 is catalyzed by CYP4F2 which removes vitamin K from the vitamin K cycle
(adapted from warfarin pharmacokinetics (PK) and pharmacodynamics (PD) pathways at
PharmGKB,

http://www.pharmgkb.org/do/serve?objld=PA451906&0bjCls=Drugttabview=tab4).

Figure 2. Dosing recommendations for Warfarin dosing based on genotype for adult patients

a
“Dose clinically” means to dose without genetic information, which may include use of a

clinical dosing algorithm or standard dose approach

®Data strongest for European and East Asian ancestry populations and consistent in other

populations.

C45-50% of individuals with self-reported African ancestry carry CYP2C9*5, *6,*8,*11, or
rs12777823. IF CYP2C9*5, *6, *8, and *11 WERE NOT TESTED, DOSE WARFARIN

CLINICALLY. Note: these data derive primarily from African Americans, who are largely from
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West Africa. It is unknown if the same associations are present for those from other parts of

Africa.

dMost algorithms are developed for the target INR 2-3.

‘Consider an alternative agent in individuals with genotypes associated with CYP2C9 poor
metabolism (e.g., CYP2C9*3/*3, *2/*3, *3/*3) or both increased sensitivity (VKORCI A/G or

A/A) and CYP2C9 poor metabolism.

f
See the EU-PACT trial for pharmacogenetics-based warfarin initiation (loading) dose algorithm

(33):
¢ Larger-dose reduction might be needed in variant homozygotes (i.e. 20-40%).

h
African American refers to individuals mainly originating from West Africa.

Figure 3. Dosing recommendations for Warfarin dosing based on genotype for pediatric patients

a
Data strongest for European ancestry populations and consistent in most Japanese studies.

b“Dose clinically” means to dose without genetic information, which may include use of a
clinical dosing algorithm or standard dose approach

“Validated published pediatric pharmacogenetic algorithms include Hamberg et al.(43) and Biss
et al.(42)

No studies in children included CYP2C9*5, *6, *8, or *11 genotyping.
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Carriers of CYP4F2 rs2108622 T allele:
Increase dose by 5-10%

OPTIONAL

1 |
o
| CYP2C9*5, *6,"8, and *11 also tested®?

=)

1) VKORC1-1639G>A and CYP2C9*2 and *3%¢; Calculate dose based on
validated published pharmacogenetic algorithms.

2) Carriers of CYP2C9*5, "6, "8 or *11 variant alleles (e.g.,*1/*8, *1/*11, *8/*11):
Decrease calculated dose by 15-30%¢.

‘African American"? |—b| rs12777823 tested?

+
@ rs12777823 A carriers:

For loading dose, a pharmacogenetics-based warfarin initiation dose algorithm'

could be considered.

decrease dose by 10-25%

MODERATE

45



MODERATE

VKORC1 and CYP2C9*2 and *3 genotype available?

. O

Self-identified ancestry

European ancestry Non-European ancestry?

Dose clinically®

!

VKORC1-1639G>A and CYP2C9*2
and *3: Calculate dose based on

validated published pharmacogenetic
algorithmse<
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Bl 5% 2 S0 34 b - LB 4 42 R R 9 g (2017)

B % B ANt BT AY 25 s T4

28 B4 (neural tube defects, NTDs) , X FR##
SEWE, RH TR T FAMEEH SR 25
gl — SRR GG, F B I KRB T B
RAPEL . TR EREZ L E SRR ™,
DREAVE P (EAEE B ()R 5 A RN B i
HEBJLETHE HERAS, B FRE, R
BT B  R/MEREE BN T %, FHRE
LIt ARK, 8ILEZ o BRI, Hik, NTDs
RERALTA N, 45 8 LKA R TLE HE
AT, HER RSB TARRE, Fm
EYNEE 3

A TBs NTDs, JRE K LA R T 2009 4 6 A 5
BT AN R BB M A B BRIE T B R A3 LA
B, RN PEAEFIT AR R R
SR A AR R R SR S A s
AMBRIEHNA R BT R

R T RRE PSRN SR ARLEIE #h At BR T B
NTDs J5 EmAFFERIBER], F B 140 R trox AR R B
B 1R 5 431845 S 4 U 32 28 S B b BR TR A
SEGEIIEH, fEAHERE,

A RS E T E AN, 2% il E
FA R LA HANEREEIN, H 454G NIDs 78
P E B REA R R M B A F B K I i
BKPERREHEN.

A SRR IC Y IELE 3% B AR S AR B I & R
R %\ & 5t & (The Canadian Task Force on
Preventive Health Care) f9AR7E™, LFE 1 MiFE 2,

“EEL . FREHIBREDSBAERRE S, FHESS
BIRAEF .42 £ B (renag@ pku. edu. cn) 100191,k T X F A TR E
AT

47

&1 AEmFCHiEEREE"

RS L

I iR A EL 1 M ERR AR RIXE,

-1 Tk 5 R M RRELX BIRT

-2 TEHEE BT R RO BASI BT 5 (BT BE 1 2R (3 g ) 3

ERPIBHE, BEFRE | MALHP LRI

HBA

HEAE K B X3 A R (6] 2 5 9 T a3k T HACR /Y

LB ST

i} WBEHHEREL ERER HAUEHRAELERE
RemE%.

11-3

®2 FEEARCHREESRS

HETR %W

F F0 R AR R W PR T

A SR TG R A o
BUATEEA—30, IR R SR A AR L
HROHER T HEF KR

AR RIEE R BRI

BRZE RBUEHELH B

— Mg O W o

Bob TR

XA & FRE R YRR, BERERET T H)
B EE R KR AR AYRAREL
TAIBREER, FHTLENEEREMIRE
K., MRIELTENR, & A7+ BRAE

1. EREERME L BN ATHE R4
BIZD 3 NI, B H1E%0 0.4 mg(I1-1A) B
0.8 mg MAR(IA) , AR 3 A

2. AHLERBEFTEHAL  BUNTAE
WRERFRED 1 DATE, S HEH 4 mg HE,
HELERHEI ATA(A), ETENEHE4mg A
5 mg M-EEFRL, IR AT & HIEHN 5 mg B

3. RE—FBMEERBIBHAREFHE
ERpREE AR  EBUA TR S ZH 2D
1 AAJTHE, 8 Higth 4 mg MR, EEEIRH 3 1
HI-2A), XTEHNEA 4 mg A 5 mg HEK
RS, IRA] B H AL S mg MHER,
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4. BEXMRPAAEXEOER. BB,
BRI G R R GRS, LA EIRBRBE R R E, )
— CHREREBTEHAERBETENAL:
WA T RER s 2o AT /0 3 A TR, 45 H A
0.8 ~1.0 mg MHER, EEMIRWE3I MA(II-24),

5. SRR ERSBRmAE L B IUATEE
FRR R EA 3 AN AFE, SHEH0.8~1.0
mg MR, B B LR 3 A (11-24),

6. EZERRFAEMAL L LS 5B R R 25
A% EERAF DL KR EZER JhK
BR L, — F WD PR NS AU B R |
A NE EURIE0E B SRIBRE S RO &, B
AT MRS AT /0 3 S A P iR, 5 4540 0. 8
~1.0 mg AR, EEGEHRWE 3 MH (1-24),

7. BEMERKARSEFRNE L iU
WRE BB R E L 3 M AT, S H1E% 0.8 ~
1.0 mg "R, EEERHE 3 MA(1-24),

AL A

H I LT B, 7T B kb 7R B R A
K2 rbat i . OB , LHAL T KA ;@
R P RS RUK SR A AR/ @ I Bk
1&%; @MTHFR 677 {345 TT #E 8 ; O & 26t R

it F 5 ] U2 o AR AR {5 4, S 4g H 3 b
F/05 mg MR, HZE MK R R RERKFERER
E¥EEEEZS, HFEE AR5 mg iR, &
FEHEW 3 A (I1-34)

FER AN R F T S IO L SR AE
B ER A, INGRIT BRIERNET B KR s IR, 2R
EREMAEE TR, RIS EAE, RIGAEHE, %
1B i LA 22 BB O XUBR (TT - 2A)

— NTDs BRI & A4

EFHERT, NERERWAEEZREE 21
RS TRKAZES 35 K)FHHAE, £56 28
K(AYFRKRAZEE 42 K) e@Ha" . mi
TEM SR B R iR M BRAKCE R R, B LM 2 A
SEATRE S L BURE RS, T3 NTDs,, 1 2 BT A
ARSI, 5w A PSS FECHAES, /T
WERBREASEBSSEME Y, BN HESE
HERBHESHTEREH (BT LR —ME
), HTHEHEEFGASEFZETHERD
EE 2T, W% 25 B A Bk 45 1F T TR
NTDs (AR AL, BRIt , 18 % i R 157 M B2 BT FF 462
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% F A RIIETTRI Z 5, BT LU AT RE TR 22 9
B A N H AR

— NTDs £ B #5-  FH1E

NTDs BymEREAmET EEHRI T & T ITH
o JREIRTAH 1986 ~ 1987 £ £ 29 4
B BB XM ERET 8 A B K AR O T T A
SRR, BRIEH B R XA, KR AL 15 4
A BIEX ERETH NTDs H - B8R REH N
4. 5%, = K 10. 5%o; KL W LA 13 MBI
X E#EN A NTDs [ ™= B8R FH 1. 1%0, &
1K 0. 7% . BT L, NTDs 5 318 [ 4t )7 e
FZEIZEFE KR, NTDs BRRRMIBZAMESR 2
AR AELES . HHE NTDs BRI 1 55 — 4%
SRR BT R 2 A BhRE WO ™ 5%
#2,2006 ~ 2008 £F 4> [ i 5H & R A9 NTDs ™ 8 &
R 1. 0%, KFFER K 2. 2%0; X —ZBETEALTT
KR, 40504 1. 2%F0 3. 0% o Sk 7=
RIS S| P~/ NTDs %5 115875 4, 2014 &£4675
B4 AATHUIX ) NTDs SRR 834 31. 5%,

= MHBRMEYFHARAFTER

HER FR4ELE R B, , TE AR RE B R, HAE
SMEHERRA . IREGEHE MHEEKR TR BR,
YIRS EYNE & KA (folate) , 2547 3%
AN GR AL B SRR M IR £ A A R R
(folic acid) , RIRMERMAEYFARM, RAAL
BRI 60% A£G . MR ERARR, L
Ipg RAAMERN 1 MR ALME TR Y&, KL
MALAE R BRIETIR: lug A L8 B RE
1L 7pg EEHBRYEITE., BEASTRYE (pg)
= BRI ER (ng) +1.7 x BB (pg) "o

EHERB T M ERFYEER (estimated
average requirement, EAR) % H 320 ug ER MR
ME, HHFE AR (recommended dietary allowance,
RDA B recommended nutrient intake, RNI) 5 & H
400 pg; PRI EAR A4 H 520 ug,RDA A%
H 600 g™, FHHEERIAZIMHE—F(50%)
BPLHAFmHNE, MEFRARERHEA KRB
(97% ~98% ) P& FRE MM ES . THIFERA
AR EL, MET RS SHEBREMN(FE,
W FE HE MBERKR T RE) B BHE
BAR.
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YR IR IR R Ak A S AR ER Y B T T %
£ &8 A & (tolerable upper intake level,UL) 4 H
1 mg, UL R FHEAAUBEARHERENRR
B2, X—MEXN—RAFETHILERE MRS E
FredmpmE®,

TU AR X E #E 1E R RE BRI A B A M
R ERKE

PE X ERATEESTERBARK TS
FHX AL AL X R R e
BREARKTRELR L EE X, KRN EFREL
HORE R M IR A B s & T g«

4t 77 NTDs & & B R A b XA 2 & B, i 4
A BHMBRBAEFME (WS MEE) X
103 pg(69 ~ 147 ug) , N K& EAR(320 pg) A9 1/3;
99% fiA 4 & H BRI A BIA A B EAR, BTG A%
5 H B A B RIEE RDA(400 pg) ™,

I & Pt B K O 55 B T BRIRA B 1Y - A AR L,
Bide s X F i 0 & Mg BROK F R TR X E
WAL ; U A B R 48 2 il R P R KT T 3B
AL R O, /AN B i i i B K R T
WP AREMESTRENHRE . R
AE R, T EIF RSB S LK T8
AT R BT L T, 88% I 3 M BRIk L T 18
nmol/ L ;46 9% 2 5 r HA 1 4 B 0 240 L - 1 o 1 11
T 906 nmol/L(REZFRFEH) . B, X FATEEI
75, AHBRAEEEA T R X B L, /TLIE
LIRS REAAIE,

I AT EET BREA RS WK JL NTDs
iy

EEF R R WM B — I UNFE R LR #9575
EARAR, AREREREZE, SEEHREA
RIS HM L, A B RS M4 418 NTDs
R\ PR 60% (OR =0.40,95% CI:0.19 ~0.84)1"
% EAE R WM B 57— TR F % B R kg T
RULER, SESTREBEARRMKNMIAME, &
B P4y 40 NTDs U %A% 31% (OR =0.69,95%
CI:0.47 ~1.0), PR, i8I i An s e sty st
PRI R, LA F4MRAG L NTDs KESHIVER(T12A)

N IS Z A T BR B Z 0 i )L NTDs XU

IR M ER/K F 5 R L NTDs JXUBS 22 [8]
FEFUHM A W, 29| Rk E
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<340 nmol/L B} ,NTDs & fFZ N 6. 6%o, T 4 £1 40
MM B Y B FHE & 906 nmol/L L4 LB, NTDs &%
HRIEARE 0. 8%, 3 WA 184 Bl 3% 2 40 I W M AR K
FEAR, 4 F NTDs B L XU,

+ (B2 A AR i R FEARAS JL NTDs XU

20 {t 42 80 4E AR A7, 3 H & 2= B 5K & ( British
Medical Research Council) 7E 7 PMEZH 33 FFERE,
FR T —I 2 Lo BEPLXT BRING RS, LSRR 5 b
RFIEMBR R E B W EH NTDs /)18 & (AT IK ik
9 NTDs AL HIRAEE NTDs BIL), 1 817 &
FERL BN 4 A B RR (4 mg) (BSR4
HE(HAEK AD.B, B, B, .C LIRJHEBERL) . &0
MREMALER THEER (FRELIBIR _5). A
FIRZ AR, EEE R 12 F. 1195 213
THEBEIRG /R, BAERILET 8 NTDs,
A 27 ] NTDs 7], Horbr 6 (5 76 M BR4H (B4l
MERASEHREMEERH),21 FIEFHRA
(ZMELERASHEERA) . HANHERATRRK
72% HJ NTDs 73 2 KUK 5 42 782 AR 25 0T 4K 83% B
R A & R R A B TB A IE
B4 H 14 4 mg it BR W] G RUBE R NTDs H9F & R
K (1A) .

1A, 7260 5F FIEAT T — DU < BRFBT NTDs
RBIBEHLY BRI, R EMIEHL (RESH8h
B2 ) B a2 BB & it BR4E 4= R 4H (0. 8 mg
MERAN 1L R HAMME AR 4 My Y3 Mg E T
R)AWETEH(TH FMEENENELER
C), NIRRT EV 28 RAMBHRA 1 K, EEH
Ui 2 MR 4753 BRLHISENR, HPhEHBRYE
HERA2 104 ZFHEITTRA 2 052 A EL TR
LR, MEITTRE KA NTDs 6 4], SHER4EAE
F4L NTDs f56l, Pl 28] NTDs RIEHREFHE
AHHEBEL(P=0.029); H45b, S B4gEERA
MR RETE &KW (13.3%) R THETEA
(22.9%0) ', EBRFTIER, B % Z W45 B A&
0. 8 mg MR ZFPIEEFE T FEK NTDs H%] %
AR (TA) o

20 fit42 90 £, R BRL K MR E &R
el OE P ER AL LR METL 3 H#HT T I
HERTBT NTDs B RFUE AN BET RS, MR
FE2KREH AR EN AL, 2l HEx
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0.4 mg FERAIMBRIEINN, EEERWE3 A, %
BHIA T 247 831 2 AL W E IR 4SS 5 A2 300 0 R 34 b
THBLo LAKAR A BRI AR FIBE T I IRE W 3 1
AWEZ/EANX B, 7£ NTDs B A 3L X, iR
A BR 1) NTDs &5 F A 1. 3%0, & IR HBR 4 KN
6. 5%o, M- BRFEAIK 79% 9 NTDs XUES ; 761 5 HLIX, AR
M BRA M NTDs KA N 0. 7%, KR HHH
0. 8%o, [ 1% 16% 19 NTDs KUK ., 10520 K M1 47
(ZEBRER A8 R 80 > DR A 8 80% ) iR & 5
R AR ERAH 1A K3, 7EE O LK, IR - BR 3 %1
FU BT LABEAR 85% f NTDs KUK ; 7E B 7 1 IX , AT [ A1
41% i) NTDs R . JEBH % 285945 0 3445 0.4 mg
BAaf BR AT A B PR L NTDs B9 XU (11-1A)

I\ F5Y) BR5 NTDs K

FEH R, R SVEF R R
FIOKER R L2 B2, a0 — B OB B 2,
RV s HU TR 24, QgD R0 i bt e A R 5 A
FREY , ing AR e ue ; PR IM AR ZY , Q% S Rk , S IR B 10
IR A& ARG L NTDs g9 XS 2%, Zepinhs bR o 1
JAG JL NTDs F5e KA Ol 7% %5 Z5 Fh 5o K Bk BE 9 XL
B MREEHREARSREINER, AHT
R4 4 F NTDs LRG>, Wik, BA
ERfEREENEL, N AR E S BREAKE
B, 5 HIEAM 0.8 ~ 1. 0 mg FHRR(T1-2A) . AL AERE
W5HE )L NTDs KU TH s FEfE L B 7™ B g s
Rig H 3% 0.8 ~ 1.0 mg MER(I12A),

Fu BRI RN AR 77 R 5 IV R YR B

FE A AR R AR 2 1 IV M BR K B T
At of R KT 38 Rh SR B A R E], EPE
R HIX BRI IRE 8 04 P AT —
TRFEALY R SE g A8 ,0. 4 mg AR, B H 13K, IRA
Z 3 A HB, T L0 40 M BR YR B 3% F 914 nmol/L
(880 ~950 nmol/L);4 mg MR, BH 1 X, RAZE
1 MNAB, 320 48 Mo o 85 vk BE & 866 nmol/L
(820 ~914 nmol/L) , & 906 nmol/L, & H ¥ %p
0.1 mg HER, AR A 2 6 A~ A B, 3521 40 g i BR v
FEIASE T 906 nmol/L™ , ZBFFIEM, 48 H IR A
1 50.4 mgHER, ELFERM3 A, LAt
PRUR A REIA B FBE NTDs M K (1A) ;8 H
ARA 4 mg HRR, HEMRA L MALEUA),

— IR E AR R F 8 10 P i e P AR
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HEAH, 5 HEIE 0.4 mg MR EZFHEE R
% .4 FREHO M B Y B 0 805 nmol/L, i %
W) 906 nmol/L; RA 4% HIEHM G 0. 8 mg MLY%
MR EEFRE .4 BRI MEM R E A Bk
%] 906 nmol/LP" . ZHFE AL MBEFREN
FramBRA 1 1A RMERS 5-FRINEH B, &
EOaERAOMEH REKES T HEAEL, 9
Xt R E TR BT a4, 45 H 1% 0. 8 mg
MRS, AN 1 AN A AYBTIE], 2 40 M BR vk ot B
BB NTDs fKFE(TA)

+ L R VR R 4 I R BRI A ik

MY PRV P AL 4 I (I 3 ) I PR R AT
MBI, AE R HESHREBAR, M
ST ARMAM BR MR B R BIGE 3 A WG B MR EEA
B, WKL, R R ERESEE TG E
21 24 M % 1L 17 ) R A, O Y M BR MR E < 6. 8 nmol/L
( <3 ng/ml) B 21 40 M MBS ¥k BF < 226. 5 nmol/L
( <100 ng/ml) M ERER =", 4 T H B NTDs
B}, £ 40 B - BR YR B < 906 nmol/L( <400 ng/ml) Ky
HEBBZ, B L AARHREEASE
1292 nmol/Lif NTDs JRUF& B, 18 ot TR A S/,
AR RERIX — YR B 1R M BR B T R, A
FEEVCH 1000 nmol/L 4B A TiBs NTDs By “ S fE” 41
MM BRI . BAT, T A X RS NTDs # f
B FED . 7E Daly IBFSTH, LIE M ERYK
& 16 nmol/L A1) NTDs %k 55 KI5 4 0. 9%0, 541 4
Mo B 1k FE 906 nmol/L £H #¥) NTDs XL[& 0. 8%0 #H
W IR, R EE BK NTDs KRS B AR & B 1K
ot B % L I RR VK B . B IR U IA g, L I RR O
& > 18.0 nmol/L B}, X NTDs BB /E FH “ &
7 RN

98 P BRI R B 4 b o SR TR B, LN PR
ZHAMRESELRENSMEEE A i
FEE, bR R B A S S, X
HBFSE R B, Ab3 2 5 G Bk BT I 10 V% I AR VR B 1o
TRAE WA 48 % |, T 21 200 A - TR ke 5 ) b 3 A g
B 17% 7 B gk T A5G BT M I T O AR o
Heos A e 29% ), 906 nmol/L #4941 4 ffa - B8
W FE AR R AR, H I, 7R
o 7 B R BE R 7 R R B 2 BB A, v B T
BRI 8
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+— EHREAHBERE

AR & o BR A BRI B B 3R B XT HiBs NTDs i
BRGEMRAS M EFRREROALHEHHEE
HEMNMREBRMET0.4 mg, ZHUBEFREN
O BB L fth 725 57 WP B NTDs m] BE A —E K
S ER

1. £ B,

RN A B B R A R AR B P,
BERAEEBR, WSS, HEig L #EE B, AT
T R TE i B K, BEAR R R B E R K-, #E T
BHTHK NTDs BXEE . AR5 KB, B m¥E
HER/KER4E A E B, K52 NTDs 4 57 & B B
£, AumiE %A E B, K F-{KF 185 pmol/L,
BRI RBRE A 2.5 5%, NTDs f )L
MIEKNAEAEE B IRERTRERILYY, &F
WXk, 558 M E 11 (transcobalamin 11) 454 Y
Hir=F B, W /b, 0 NTDs AW RE ., B, &
WA R R EAN R EEE B, BB T B
NTDs!*!

Xt 12 T50 - R e 11K ] 24 2 e & R 1) i K 1o 3 i
FEa )  ERER, ESHH0.5~5.0mg
- 6K 1 90K ) R0 2 foe 8 BB K F- 25% B BEE |, 45
HAbFE4EAEE B, 0. 5 mg Al i — B RER I B LR
KT 7%, Hik, Fatgshm 5% 4 & B, /68
H 28 i %Mo BR B NTDs tfE B3R,

2. %EAEK B,

H®E BB 5hNEREREARKH, M
R EBOK A S5 NTDs MR A0 A B ik
SRBI XS A FE X B . (H7ERT 12 BBt Rt
FEAME R EBUESS BB R - H A
FAEA R BB BT it — BRI B AR AKF -

KEESXHR ST NTDs KBRS, BT
fERMEFMRIN S 4EAE K B, 1.0 mg A1 5 FhH M4
HEVS (BEER & B L b4k F ELA B NTDs i)
Ve, LR A 44 K B RES IR BRM1EA ., B
B, MGk = A R B, BEUS G IR0 BR BB NTDs
VEF M B HEIEHE

3. KWt BEHRE

SR A BEERILN A K TR TEER
o T S YR AT AN AT P R B A A T LARE
B ER R S MBI A XU . B, A B 3 #b it AR

51

. 405 -

FIkBE AT BB NTDs, AT BB A Lo it 5 DAH A
HEFE B IO S IR 40 2 R B b A AR

+ = ER YA R K et

AR TE R E RBERMARER
KLWEE, FER LT ILE,

1. RFIB IR B &K et

FERTIA R 4 mg 0 FR TR NTDs F % ) BB
MR R R R R &, X
= 52 LA — W ULBE TR NTDs £ 5% i) BE ALY BE B 52
o, BLEE AR R 4 13 o B M IR Z BT T 4 4 H
ARFES mg MR, EZEYRHE 3 A, REAARK
R, B AL EEAMEREEKRNEH
AR 4 mg PHER S B P BEST EE FEFE KL
Rt R DA E S R S mg iR,

BHRARN 25 BEKMER™ (3 ~5 K) &
1B ok SRR LAE , FF 4% MTHFR 2N TT 45 %
B HIA% S H AR 15 mg HER R 750 mg HE4E K B,
1A~ B g, 28 80A 2 i i vk 7 2 24 Joe 0 AR ok B
FER, REERERKEEZEREN3 A
7,22 AL WE, ERHES MHE, AREH
5 mg MBR,IFEHLEER B HF 2 HALHELR
8 ~16 AW, HAR 20 HPLWEENME. AL
4 FR& KB 2 HAEEREENRFTREZ. REH
BEFEARRLEAR B R, AT R R R
BHIRAS mg RN AARERNEANALREL
;0

2. MEHER BRZ

HTRER B, REAHBRKZIAFREL
ARSI, AN BRI REE N 4E A R B, SRZ T2
W E Sh AR A I 0 # BUAS LABGE R 4 K B, iR
ZHIREIR , X 2 2R E N REAS B R R BUAIATT , A
M#EREER B, REZMIBHHEMREFHTHEL
BLEEME™ . BXFELRATEHAERY.
KB REEER BT MM k. BT %
HEEB BT EATEENY AEREGARS,
PRI A X A R BR B T MR 40 2 i AR R T RE A
b

3. NG iR XU

—BIRPB ~5 %) KME(FH 1 mg) 4
MBS AR R R IXE R, 5K
FUAR L, B T 45 B M i R MR .
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— BT R BN, AN BR T REIE it g 3 LA
BT R R4 B 9 A A B0 R, B
5, AIREN R, EEMME KRS H B 1996 4
1998 F=J- 45, S EMBEARELE R T 2RI L FiF4%
TR MG LA AN TS XA ERE
Tt AR SR AL TR A 3% (1996 4EFF 4R B IR R n R,
1998 4R AR AN AR) . AR ARM X2 55
HER W T RREEE L A K REYL BB BT Y
SERBETHR ZRWH M, AR/, REEHERRHL
SRR AN, KM BRILE 1998 £ 1 BFF
16,1996 45 1998 4B A REBEN—IHTSE
SRS R B3R — B, B2 H BT
FERA L. Hil, KRR LA TS BHER
BERFAE, MBI EHE X, BIE—T Meta 5347 8
&, RN R 5 45 B M KRS T R B ,
R, X F TR AE okt 69 AR 138, % i B EL A TR
FEREBUPE ;WX F © B, 38 b BRI =T s 42 i
BHHREST,

4. 30 )L B B XL

B, B I 5 X — /NS e A BA ) B4 43
WA, B E2ME(F 30 ~34 ) ¥ Bg, 51
3.5 % i B s KU RS 3 I 26% (95% CI. 1.08 ~
1.43)5 MEMREEREFR—5DY, —m
T AB, fF 2 0 (SR 392 35 ) I ¥ R /K
-5 M S 1 M e ) RURS: 22 () TGS B s M U,
BE MM BKFS5E1R 6 ~7 % B i v KUK 77
X, BERNEBREXR , WERRER,
BFEZEME AR S mg R, 1 SR A
B >72 mg( MY TF4EH 0.4 mg, IR FIFH 180 T LU
) 5 TR I g RURS 1 A0 AR L S B S T 2
BRI E <36 mg(AH4 T4 H 0.4 mg, RAREK
KT 90 X) 55 10 1 0 KBS [ AR 7 78 R B
I, TR B UE 4R 3R B B 2 2 A s b BRI NS
PRI T KUK

+= A A

- BR A 1538 B% S B2 B (4 MTHFR ) i 2L R R A8
06 M R 0 R Ak AR I8 . MTHFR 677 i 5 TT
A 573 T I PR R 1K R R B AR U
FEFH 8 A L1 T & R R B 2 BR I AE B A
NTDs J H i % Fb A B4 4R 45 = o9 KU ), &
I, B A AT ARAE 1 4 A A AR AR A B | I VR AR R
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BE I R R B R VR BRI R e SRR R Y
ARENL R BB B AR MR B O R & St
AR E , X ot BR 45 #b 57 & F0 38 2 A PR A7 4
HALHE ., X & NTDs @faEE M id4, 8 3 ¥4
FEBAEME 1.0 mg,

BB ARE , Xt 5 7] B 2 b 2 BR I AE H-
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Key Recommendations

During preconception care or in clinical encounters with
women who are capable of becoming pregnant, information on
personal medical history, reproduction, family disease history,
diet, medication, and lifestyles should be collected. Physical
examination and laboratory assessment may also be conducted as
necessary. The following recommendations regarding folic acid
supplementation should be provided based on the information
gathered.

1. Women without known risk factors for neural tube defects
should take a daily supplement containing 0.4 mg (II-1A” ) or
0.8 mg (IA) folic acid whenever pregnancy is possible or at
least 3 months before pregnancy until the end of the third month
of pregnancy.

2. Women with a previous pregnancy affected by a neural
tube defect should take 4 mg folic acid daily whenever pregnancy
is possible or at least 1 month before pregnancy until the end of
the third month of pregnancy (IA). Because no supplements
containing 4 mg folic acid are available, the prescription form of
5 mg folic acid may be used.

3. Women or their partners with a personal neural tube
defect, or women whose partners have had a previous pregnancy
affected by a neural tube defect should take 4 mg folic acid daily
whenever pregnancy is possible or at least 1 month before
pregnancy until the end of the third month of pregnancy (II-
2A). Because no supplements containing 4 mg folic acid are
available, the prescription form of 5 mg folic acid may be used.

4. Women who have congenital hydrocephaly, congenital
heart defects, orofacial clefts, defects of the urinary tract or a
positive family history of these defects, or a family history of
neural tube defects in first- or second-degree relatives should
take a daily supplement containing 0. 8 mg to 1.0 mg folic acid
whenever pregnancy is possible or at least 3 months before
pregnancy until the end of the third month of pregnancy (II-
2A).

5. Women with diabetes or epilepsy, or who are obese,
should take a daily supplement containing 0. 8 mg to 1. 0 mg

folic acid whenever pregnancy is possible or at least 3 months
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before pregnancy until the end of the third month of pregnancy
(11-24).

6. Women who are taking teratogenic medications, such as
carbamazepine, acid, phenytoin,

valproic primidone ,

phenobarbital, = metformin,  methotrexate,  sulfasalazine,
triamterene, trimethoprim, and cholestyramine, should take a
daily supplement containing 0.8 mg to 1.0 mg folic acid
whenever pregnancy is possible or at least 3 months before
pregnancy until the end of the third month of pregnancy (II-
24).

7. Women with gastrointestinal malabsorption conditions
should take a daily supplement containing 0. 8 mg to 1. 0 mg
folic acid whenever pregnancy is possible or at least 3 months
before pregnancy until the end of the third month of pregnancy
(II-2A).

Personalized supplementation

A higher dose or extended use of folic acid supplements
may be considered if women 1) live in one of the northern
provinces, especially in northern rural areas; 2) have a diet
containing inadequate amounts of fresh fruit or vegetables; 3)
have a low blood folate concentration; 4) carry a homozygous
mutation at the 677 locus of the MTHFR gene; or 5) have a
short interval of pre-pregnancy preparation.

Women with hyperhomocysteinemia should take 5 mg folic
acid daily until their homocysteine concentration is normalized,
and continue through the end of the third month of pregnancy
(II-3A).

Comprehensive measures for the prevention of neural
tube defects

In addition to taking a folic acid supplement, women should
consume a folate-rich diet, adopt healthy lifestyles, and maintain
a healthy body weight. These measures help to reduce the risk of
fetal neural tube defects as well (II-2A).
of and  classification  of

* Quality evidence

recommendations.

2 % x W

1 P ARICAE T AR DA TR CEF BB 2 E
BB E B N ) K@ A. http://www. nhipe. gov. cn/zhuzhan/
wsbmgz/201304/02c3¢3d51117464aa054c08de04b0468. shtml. 2009-09-14.
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Care. CMAJ,2003,169 :207-208.

3 Blom HJ, Shaw GM, den Heijer M, et al. Neural tube defects and

54

PEATRERE 2017 FE 28 FE5H  htp://cjrh. bjmu. edu. cn

10

11

18

19

folate ; case far from closed. Nat Rev Neurosci,2006,7 :724-731.

PP A RGN B UM, P E A BB R AR AR R AR
B i R, 1992.

Li X,Zhu J,Wang Y , et al. Geographic and urban-rural disparities in
the total prevalence of neural tube defects and their subtypes during
2006-2008 in China: a study using the hospital-based birth defects
surveillance system. BMC Public Health,2013,13;161.

Liu J, Zhang L, Li Z, et al. Prevalence and trend of neural tube
defects in five counties in Shanxi province of Northerm China, 2000
to 2014. Birth Defects Res A Clin Mol Teratol ,2016,106;267-274.
WHO. Guideline :optimal serum and red blood cell folate concentrations
in women of reproductive age for prevention of neural tube defects.
Geneva: World Health Organization,2015.

Institute of Medicine. Dietary reference intakes for thiamin, riboflavin,
niacin , vitamin B6, folate , vitamin B12, pantothenic acid, biotin, and
choline. Washington,D. C. : National Academy Press,2000.

Zhao Y,Hao L,Zhang L, et al. Plasma folate status and dietary folate
intake among Chinese women of childbearing age. Matern Child
Nutr,2009,5:104-116.

Meng Q,Zhang L, Liu J, et al. Dietary folate intake levels in rural
women immediately before pregnancy in Northern China. Birth
Defects Res A Clin Mol Teratol ,2015,103 :27-36.

Liu J, Gao L, Zhang Y, et al. Plasma folate levels in early to mid
pregnancy after a nation-wide folic acid supplementation program in
areas with high and low prevalence of neural tube defects in china.
Birth Defects Res A Clin Mol Teratol ,2015,103 :501-508.

Ma R, Wang L, Jin L, et al. Plasma folate levels and associated
factors in women planning to become pregnant in a population with
high prevalence of neural tube defects. Birth Defects Res, 2017,
DOI1:10. 1002/bdr2. 1040.

Thompson SJ, Torres ME, Stevenson RE, et al. Periconceptional
multivitamin folic acid use, dietary folate, total folate and risk of
neural tube defects in South Carolina. Ann Epidemiol ,2003,13 .:412-
418.

Shaw GM,Schaffer D, Velie EM, et al. Periconceptional vitamin use,
dietary folate, and the occurrence of neural tube defects.
Epidemiology,1995,6:219-226.

Daly LE, Kirke PN, Molloy A, et al. Folate levels and neural tube
defects. Implications for prevention. JAMA ,1995,274 .1698-1702.
MRC Vitamin Study Research Group. Prevention of neural tube
defects: results of the Medical Research Council Vitamin Study.
Lancet,1991,338.131-137.

Czeizel AE, Dudas 1. Prevention of the First Occurrence of Neural-
Tube Defects by Periconceptional Vitamin Supplementation. N Engl J
Med,1992,327;1832-1835.

Berry RJ,Li Z,Erickson JD, et al. Prevention of neural-tube defects
with folic acid in China. China-U. S. Collaborative Project for Neural
Tube Defect Prevention. N Engl J Med, 1999 ,341;1485-1490.
Lindhout D, Omtzigt JG, Comnel MC. Spectrum of neural-tube defects



PERATEERE 2017 FEH28 HH S H  hiup://cjth. bimu. edu. cn

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

in 34 infants prenatally exposed to antiepileptic drugs. Neurology,

1992 ,42.111-118.

Rosa FW. Spina bifida in infants of women treated with carbamazepine
during pregnancy. N Engl ] Med,1991,324:674-677.

Russell RM, Golner BB, Krasinski SD, et al. Effect of antacid and H2
receptor antagonists on the intestinal absorption of folic acid. J Lab
Clin Med,1988,112 :458-463.

Warkany J. Aminopterin and methotrexate; folic acid deficiency.
Teratology , 1978 ,17:353-357.

Parker SE, Yazdy MM, Tinker SC, et al. The impact of folic acid
intake on the association among diabetes mellitus , obesity,and spina
bifida. Am J Obstet Gynecol ,2013,209:239. €231-238.

Garne E, Loane M, Dolk H, et al. Spectrum of congenital anomalies
in pregnancies with pregestational diabetes. Birth Defects Res A Clin
Mol Teratol,2012,94 ;134-140.

Correa A, Gilboa SM, Botte LD, et al. Lack of periconceptional
vitamins or supplements that contain folic acid and diabetes mellitus-
associated birth defects. Am J Obstet Gynecol ,2012,206.218. €211-
213.

Ray JG, Vermeulen M}, Meier C, et al. Risk of congenital anomalies
detected during antenatal serum in women with
pregestational diabetes. QJM,2004 ,97 ,651-653.

McMahon DM, Liu J,Zhang H, et al. Maternal obesity, folate intake,
and neural tube defects in offspring. Birth Defects Res A Clin Mol
Teratol ,2013,97 :115-122.

Gao L}, Wang ZP,Lu QB et al. Maternal overweight and obesity and

screening

the risk of neural tube defects: a case-control study in China. Birth
Defects Res A Clin Mol Teratol ,2013,97:161-165.

Stothard K], Tennant PW, Bell R, et al. Maternal overweight and
obesity and the risk of congenital anomalies:a systematic review and
meta-analysis. JAMA ,2009,301 :636-650.

Hao L, Yang QH, Li Z, et al. Folate status and homocysteine response
to folic acid doses and withdrawal among young Chinese women in a
large-scale randomized double-blind trial. Am J Clin Nutr,2008 ,88 .
448457.

Obeid R, Schon C, Wilhelm M, et al. The effectiveness of daily
supplementation with 400 or 800 microg/day folate in reaching
protective red blood folate concentrations in non-pregnant women:a
randomized trial. Eur J Nutr, 2017, DOI: 10. 1007/s00394-017-
1461-8.

Chanarin I. Folate deficiency. In: Blakley RL, Whitehead VM, eds.
Folates and pterins. Volume 3. Nutritional, pharmacological, and
physiological aspects. New York:John Wiley & Sons,1986:75-146.

Crider KS, Devine O, Hao L, et al. Population red blood cell folate
concentrations for prevention of neural tube defects ; Bayesian model.
BMJ,2014 ,349 . g4554.

Obeid R, Koletzko B, Pietrzik K. Critical evaluation of lowering the
recommended dietary intake of folate. Clin Nutr,2014,33.252-259.

Nakazato M, Maeda T, Emura K, et al. Blood folate concentrations

55

36

37

38

39

41

42

43

45

46

47

48

49

50

- 409 -

analyzed by microbiological assay and chemiluminescent
immunoassay methods. J Nutr Sci Vitaminol ( Tokyo),2012,58:
59-62.

Pfeiffer CM, Hughes JP, Durazo-Arvizu RA, et al. Changes in
measurement procedure from a radioassay to a microbiologic assay
necessitate adjustment of serum and RBC folate concentrations in the
U. S. population from the NHANES 1988-2010. J Nutr,2012,142;
894-900.

Kirke PN, Molloy AM, Daly LE, et al. Matemal plasma folate and
vitamin B12 are independent risk factors for neural tube defects.
QJM,1993,86.:703-708.

Groenen PM, van Rooij 1A, Peer PG et al. Marginal maternal vitamin
B12 status increases the risk of offspring with spina bifida. Am ]
Obstet Gynecol ,2004,191:11-17.

Gardiki-Kouidou P, Seller MJ. Amniotic fluid folate, vitamin B12 and
transcobalamins in neural tube defects. Clin Genet, 1988, 33:
441-448.

Steen MT, Boddie AM, Fisher AJ, et al. Neural-tube defects are
associated with low concentrations of cobalamin ( vitamin B12) in
amniotic fluid. Prenat Diagn,1998,18:545-555.

Afman LA, Van Der Put NM, Thomas CM, et al. Reduced vitamin
B12 binding by transcobalamin II increases the risk of neural tube
defects. QJM,2001,94 :159-166.

Homocysteine Lowering Tralists” Collaboration. Lowering blood homocysteine
with folic acid based supplements: meta-analysis of randomised
trials. BMJ,1998,316:894-898.

Refsum H. Folate, vitamin B12 and homocysteine in relation to birth
defects and pregnancy outcome. Br J Nutr, 2001, 85 Suppl 2:
$109-S113.

WHO. Guideline : Daily iron and folic acid supplementation in pregnant
women. Geneva; World Health Organization,2012.

Greene ND, Leung KY, Gay V, et al. Inositol for the prevention of
neural tube defects: a pilot randomised controlled trial. Br J Nutr,
2016,115.:974-983.

Gomes S,Lopes C,Pinto E. Folate and folic acid in the periconceptional
period ; recommendations from official health organizations in thirty-
six countries worldwide and WHO. Public Health Nutr,2016, 19.
176-189.

Cawley S, Mullaney L, McKeating A, et al. A review of European
guidelines on periconceptional folic acid supplementation. Eur J Clin
Nutr,2016,70:143-154.

Quere I, Mercier E, Bellet H, et al. Vitamin supplementation and
pregnancy outcome in women with recurrent early pregnancy loss and
hyperhomocysteinemia. Fertil Steril ,2001,75 :823-825.

Rush D. Periconceptional folate and neural tube defect. Am J Clin
Nutr,1994,59:5118-5158.

Lindenbaum J, Rosenberg IH, Wilson PW, et al. Prevalence of
cobalamin deficiency in the Framingham elderly population. Am J
Clin Nutr,1994 ,60.2-11.



51

52

53

54

55

56

57

58

59

60

61

62

63

65

- 410 -

Campbell NR. How safe are folic acid supplements? Arch Intern
Med, 1996 ,156 ;1638-1644.

Cole BF ,Baron JA,Sandler RS, et al. Folic acid for the prevention of
colorectal adenomas:a randomized clinical trial. JAMA , 2007,297 .
2351-2359.

Mason JB, Dickstein A, Jacques PF, et al. A temporal association

between folic acid fortification and an increase in colorectal cancer

rates may be illuminating important biological principles; a
hypothesis. Cancer Epidemiol Biomarkers Prev, 2007, 16;
1325-1329.

Bayston R, Russell A, Wald NJ, et al. Folic acid fortification and
cancer risk. Lancet, 2007 ,370.2004.

Bayston R, Russell A, Wald NJ, et al. Folic acid fortification and
cancer risk ; Authors reply. Lancet, 2008 ,371 :1335-1336.

Qin T, Du M, Du H, et al. Folic acid supplements and colorectal
cancer risk ; meta-analysis of randomized controlled trials. Sci Rep,
2015,5.12044.

Kim YL Folate, colorectal carcinogenesis, and DNA methylation
lessons from animal studies. Environ Mol Mutagen,2004 ,44 .10-25.
Whitrow MJ, Moore VM, Rumbold AR, et al. Effect of supplemental
folic acid in pregnancy on childhood asthma: a prospective birth
cohort study. Am J Epidemiol ,2009,170 ;1486-1493.

Martinussen MP, Risnes KR, Jacobsen GW, et al. Folic acid
supplementation in early pregnancy and asthma in children aged 6
years. Am ] Obstet Gynecol,2012,206:72. e71-77.

Veeranki SP, Gebretsadik T, Mitchel EF, et al. Maternal Folic Acid
Supplementation During Pregnancy and Early Childhood Asthma.
Epidemiology ,2015,26:934-941.

Magdelijns FJ, Mommers M, Penders J, et al. Folic acid use in
pregnancy and the development of atopy, asthma, and lung function
in childhood. Pediatrics ,2011,128 ;e135-144.

Zetstra-van der Woude PA, De Walle HE, Hoek A, et al. Maternal
high-dose folic acid during pregnancy and asthma medication in the
offspring. Pharmacoepidemiol Drug Saf,2014,23.1059-1065.

Yang L, Jiang L, Bi M, et al. High dose of maternal folic acid
supplementation is associated to infant asthma. Food Chem Toxicol,
2015,75:88-93.

Frosst P,Blom HJ,Milos R, et al. A candidate genetic risk factor for
vascular disease; a common mutation in methylenetetrahydrofolate
reductase. Nat Genet,1995,10:111-113.

Jacques PF,Bostom AG,Williams RR,et al. Relation between folate

56

PEATERBIE 2017 8528 £S5 H  hip,//cjrh. bjmu. edu. cn

66

67

68

69

70

71

72

73

74

75

76

77

status, a common mutation in methylenetetrahydrofolate reductase,
and plasma homocysteine concentrations. Circulation, 1996 93 :7-9.
Crider KS,Zhu JH, Hao L, et al. MTHFR 677C-> T genotype is
associated with folate and homocysteine concentrations in a large,
population-based , double-blind trial of folic acid supplementation.
Am J Clin Nutr,2011,93.1365-1372.

Mills JL, McPartlin JM,Kirke PN, et al. Homocysteine metabolism in
pregnancies complicated by neural-tube defects. Lancet, 1995 ,345 ;
149-151.

Dodds L, Fell DB, Dooley KC, et al. Effect of homocysteine
concentration in early pregnancy on gestational hypertensive
disorders and other pregnancy outcomes. Clin Chem, 2008, 54 .
326-334.

Bibbins-Domingo K, Grossman DC, Curry Sj, et al. Folic Acid
Supplementation for the Prevention of Neural Tube Defects: US
Preventive Services Task Force Recommendation Statement. JAMA |
2017,317.183-189.

TEERFS PEHERBEAERE 2016 b ARTA MK
#t,2016.

Wilson RD, Audibert F, Brock JA, et al. Pre-conception Folic Acid
and Multivitamin Supplementation for the Primary and Secondary
Prevention of Neural Tube Defects and Other Folic Acid-Sensitive
Congenital Anomalies. ] Obstet Gynaecol Can,2015,37.:534-552.
National Health Services. Vitamins, supplements and nutrition in
pregnancy. hitp://www. nhs. uk/conditions/ pregnancy-and-baby/ pages/
vitamins-minerals-supplements-pregnant. aspx#close. 2015-02-03.
Goujard J, Robert-Gnansia E. Report on periconceptional supplementation
for France. http://www. eurocat-network. ew/content/ NTD-Dec2007-
France. pdf. 2009-02-03.

WHO. 1. 5 Prevention of neural tube defects. Standards for maternal
and neonatal care. Geneva: World Health Organization,2006;14.
Food Fortification Clobal
ffinetwork. org/ global_progress/. 2017-05-07.

Initiative. Progress. http;//www.
Dugbaza J, Cunningham J. Estimates of total dietary folic Acid intake

in the Australian population following mandatory folic Acid
fortification of bread. ] Nutr Metab,2012,2012 :492353.
Dwyer JT, Woteki C, Bailey R, et al. Fortification; new findings and

implications. Nutr Rev,2014,72.127-141.

(ke H#.2017-07-13)



AR 2018 £5 H22 HEE 98 #5198  Natl Med J China, May 22,2018, Vol. 98, No. 19

+ 1461 -

RS ALTE -

2018 HE R SINFMERZ2IAERE (L)
B 7R 9 ¥ R s 10 f B PR R e HL T T

b E R 5 A RS 3 B AR

FERETDSFZARETFS S ALBRERE LEA L

IR T 2R EEARBEEMBERN EBRR
= — AR /R 7% ¥ B 9% ( Alzheimer’s disease, AD) J&
HEAWEERE. BEPEHANEELTR
(COAST BF5%) , 1k 3 2009 4, [EH 920 T HiR
B, M 62.5% R R B EHE AD SHK" .
AD SRR E BEBRYER ML EERS, 2T
B AR A SMRER R THENETFAHE
HMiFHfiiE, AD HATRERZ BB U B R 2
HIZEH  BLARHETRIT A . HIk, B AD &R H)
fERE R, F4xhHX R FH & AR BT HAm
B , RMEKEESE AD KMM T NIEZ—o

B DR 238 B FIBR I (R 5L R AR, T BE
2 5RER NN BORR R, B R SR R 7
FEARUBRNEROSHIFEY. AD fifak X
EHEEMAETE, M ERERER EETHAM
XERHEE BEARERS, BEHLAE AD BT
BB, A A FROERERMAT T
mHEREE.

— Al FH Ak E R

(—)&ER

SERE AD B RMBERE R, RSB AD
BERETE6S HUFER. HAEENARER
HIRAT IR BT STARIESE AD M AR R B R RIEE
ERERTT . ZERRWGERER, 760 %LU
5, AD BERRE 10 FLE—H" . REFR

DOI.10. 3760/ cma. . issn. 0376-2491.2018. 19. 002

RATH . BR ARREE S (81530036) ; ER ARRBEEE
ERE KA EETFH B (31627803) ;db T BB B HE R fEdr”
AR (SML20150801 ) 5 db 2% bl MRl e B R B A S BTRYIR
% ( Z161100000216137)

EfEfe TR T,100053 ALy, EHEM K ETERERMER
REARL RN LR EE NN RRRREASRE,; 58
ER A AR SIC IR RR I R 12T SR S 0 HE
WHATEHHREALRE; BREFEFRAREERR 0 Email: jjp

@ ccmu. edu. cn

57

BEADBRANBREZE, FEEENE AD AR
BALB LRGSR, T b A BH A R L FE AD

(=) MR

HRWEE W AD ZRH— N EEAEREER.
HRPFRPER B R B TR R BREE
19% ~29% ', ¥ ik 2RI — AT R RE R X
PR E AL B E K, TR R 8 AR TR 8 W
EHEE,

(=)BRERR

BTER,AD BV HHNERERERER
£, AD HERERAKNKER, BEEH
5 AD BURERA =4, IR T 21 BREFRDN
TE M BEZE H B & & 5 (amyloid precursor protein,
APP) i F 14 Sk R EEK-1 BH (presenilin 1,
PSENL) #Ifi F | B aikmEER2 £H
(presenilin 2 ,PSEN2) , ##H7H APP B(# PSEN1 %
R H ARE 100% &K BN AD, M #EH A PSEN2
HERA NEE, LR B R AD MR N 95% 7,
A AD BURRNEZERN AD BEA S AD B &
FEH 5% oA, XERA B EETE 65 F AT E
LI >

TE AD IR 2 R, B R B RA MR B &
Z AT B R # S & 5 E £ [H (apolipoprotein E,
APOE), A ApoE EFHAFH 19 GREAKKEF
WE1X3 BHFHE2 STH(19q13.2) £, F
€283 Fl o4 ZM ARSI R, REARHHHE
# 3 ANR% 10% ~20% 60% F1 20% ~30% 4, B
37 %8 APOE 4 (KRS 58 g-lEemEEH
( B-amyloid , AR ) B 4= JR., 37 B 5% M B2 T Joe [ 4 A
AT AR HIHERR, AT A B AT
wBF APOE o4 ZH R A FOBLER: tau BEHS5WME
BEEERNBEEURAEMNE au BEHHHHR
&, NS BOUBIELF A RTE R . R APOE %


Jinwei
高亮

Jinwei
高亮


- 1462 -

FAEESIE 2018 4ES5 H22 HE98 £ 1931  Natl Med J China, May 22,2018, Vol. 98, No. 19

fL BN AD &9 BUR: (932 2 A E TR, Ho A APOE
e4 SO EFEHE D AD 19 BR XK N, P&
RERPEIR, BIR BREH 1 APOE 4 % &
AT, FORE R AD By XU 292 [E % AR 3. 2 i,
M#EHH WA APOE 4 EAFEF M AHE, HiER
AD IR —IE® AR 8 ~ 12 45, Fnt i #H
APOE g4 & B RE H5ARE W EH ML, AR
F1FER% (mild cognitive impairment, MCI) [1] AD fy%
A3 P Ao B R

Fr T APOE EH, 75— ZBF5 I AD XK
HEESHEAMALZIER 1 A (sortilin-related
receptor 1,SORL1) . 4k, FE K 4H L BX 43 #r B 52 18
RWTHAZ A5 AD RRAHR K ERH , 64
CLU.PICALM .CR1 #1 BIN1 %, X $e 28 FEH T
BMALL(OR)BHLEL 1 ~1.57,

(M) KL

HAEFTAR AD B EEA ZHE L, AT iR —
MM —ZE R (BIE L R AK) P AR
BAD, HE A KRN AD By R 28 m 10% ~
30% . —IBHR BN, RN FREFAH 2 L
2 L EREM (RS SR AR R ) B R AD, EREERL
RIEH AD X2 EE AR 3 57, AD f3X
MRGEREM TR REFNE SHERELREA
MR, R AHMIEBAFRNGE R ER, RN
Ext AD BRI T AR TR ZER

Z AT TR R R R

(—) Lo i I B

NGB 0k 1= g e e ol N BT AN
/NILERE, B AD FERXK ., £4MF%
WAESE T 7 [F] A4 i I R B AR B B R B R
5 AD &% R B8 B AE 5%, X 145 Willis 3730 ik
SREREAL BRI AR % . 5 — T, B
B AD E H FETFAE. £ AD BEH RS
KRR ,34% ~50% ) BRIESE /Y AD 28 i
WA MEERERE, KA 1/3 S8 IEERR
R RE AL REA AD BRI, & F K M
R AD BE A mThEER B E R EE Y,

OIER S AD FR R &5 X ) 3 55 A
Ko —H, CHERRE EERFL 0T ER
BE, nw e e &%, X LR 2 AD R M
EREE, H—FH, LOEERESGHE AD &
RHRERHRE, BIRER 25% WO EREEHMES
INHTIEERGR D  RPEOEREUNNREZRR
Fiolz s B s m ',

58

(=) Ik

22K BT T ARV 1) A 5 280K 55 FP 4 S0 5 L
280 AD BRI . E—TEE T 3 707 flH
A N E A ) Honolulu-Asia A 57 H & B, #4F H
FERIT AR B s AT sk B L R 5 25 4R 5 R
FERMR, S B E MRS TR
R TR o B— 7, B R
K, MRS X AD &9 KU VE FE s b, B &
AR, TR ER A AD KRR EE,
— TRt 75 5 DL EEAEAN#ITTRI N 6 ~9 £ FE
Vit B KM A EE(R #F AD B9 &4, T H <
ANE AD i ARIERR

Br T M MEDT ST, 2 BEALX B ke PR 56t W
BT EERIBITIHAMIIBEMIER . HH, Syst-Eur
7% .PROGRESS #t57 #1 HOPE 53 35 WAL B T
Ko 367 Xt JR o 2 0 IR PO R AR A S0 B RE R T
YER, i % 4b JLIT RCTs B 5%, A 45 MRC BF 5%,
SHEP .SCOPE 1 HYVET-COG W57 k& RE W22 3| % [+
BIFHARISHEE B B AR A o SR T X e BF 52
FORER T B HIRYT B AR S , BB [a] Y IR 22 1]
AR BARAT) i — 45 B B b AR 3 MO B R 3R T 4T B AR
AD &5 AU 5

(=) Mifg

REZANMREFHMIE KT AD KK KK
REARBBEREF R BRI R NG R —3
MR R M AR K5 AD AR XURE 56 R Y I

PR AT 5 S L IE [ A B P 2% 42 IE [ % ( LDL-C)
I B AD BSOS . — I 1l BASI B 5T
R, AR CE4E 50 %) M E 5 AR B FE K
P AD KRR X 3 5, T &R
B )3 755 APOE JE R A BUH /KF  ROM L IKiA
LT o HAUIT AT B B3 8 T A

Rge'™ . M X EEBMmAS KT 5 AD KRR

Bk RHIBT S, ARG — Bt X LB 5T 945
R B R 25 B S AR BB K 38 e ] BB B Rl
PRI AD &3 KUK , 0 AT BERA AR .

(19)2 AUBE IR

TATIR I Bos 2 BUBIR & R 8 AD 9K
75 SRR 1 DI 30— 21T (RISl e 2 K
H R K, 2 F B K5 AD &5k X
BB AN B . — A A 10 T m BF 5 4
EHSHT RN, 2 BIMEIRIA 2R AD B K 55 XU 1%
fin54% -, SRR B LRI G R A —
B, — S I B ST RRAR b2 BB R 1



Jinwei
高亮

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条

Jinwei
线条


A2 Je R 2018 4E 5 F 22 HAS5 98 45 19 88 Natl Med J China, May 22,2018, Vol. 98, No. 19

- 1463 -

i 2825 il P 4 B 22 ST e i 2 6
SRR A MES XL, EEZHBE THREY
g™

(h) &

WRLES AD KRR 8] 49 5 REEA R B4
WBAPTIARE, 230N, R (50 ¥ A 4)
ARERE ( EZ R AL M) 2 T80 AD /Y &0 XK
BN 59% ), B AL 44 T BUBE B R IRAL L e B
A AL & K 72 ) (advanced glycationend products,
AGEs) £ i3t % Bei i Mu 1 K- FHE s , X e &
B AD 89 %0 KBS . T A A R B st AR
55 5 ~6 4 AD K0 RKURE Y3 e A5G, X R A5
BT R B T AN DI RR ISR X 3 B R DAY
TR

(7%) A5 TR

FLSH B O B 5 B S RO X AD AR AE
R, SR AMTAR A TR B3 AT A8 2 R A A
REH T35 55 B S T v U — P Im A4 o B O 240
W STt IR SE R AR B i 1 I AD B 998 XURSE , 4 1] 2
A APOE o4 HAIHE AR T . H
FJE: , 8 T Fh AR B Al BE B BRI 5T 3 B T I X
AD ZRRBIBA AR, T 53 0 14 %A 48 5 A olk BE
BYRYRHF 9T 25 SR A R AR BE % (. 2 540 AD B9 &
RN . KEKEA S S FBOEREERR , W
AR R BRI S0 AD i A0 KUR 6 3 4%,
XTEH T A APOE o4 554 B P i A B o 58 0 BH
G B, B E AR RO I R B X
AD BRI AR o — TN 15 AT HE P B
RSN ER, /NE o 55 B IR B PR
AD FiIgi % 8 R R o

(b)ye

HES AD BRKRZEK R R -EZBIAN
MIETE . BFSIESE, M A0 AR i AR A i 5 A &
AD IR e IR, B EERA A
2 KRR VB A& S ARG D B A RO, o BE
AL > B R R L, M E 5T
SEREMEREAR AD f9 & KR I BLIX R R AP 1E
TR AR 7 15 BT I A o i e S R R AR . AR
T, A BF 5T o B 2 I3t P i TR A X A AR AP 1
o HAGBFF M T HAVKE R R, mgEER E A
#ErE 2 C SHELFIBA , R A4 R B12 (9
FBASHAMD AR R IR, SR T BRI R BEfS
B X —BRILEIE

(V) HEFKFE

59

ZMRATIRFMREL—BEHIEH TEHTF
JKIEXT AD FIRR &R R ER, BMEERE T A
APOE &4 S EEMAME S, R RPER BB
TARGHRI T I8 A 500 B2 4E AR T
AR R B AR X R B AR AT AD &% R
BAE AR B8, BB B KRB R IA M58
320 E R R . B ATt BR
R EE K XTI E ) B AR VE L T I P
9 AR K BEE KX AD RIRRT 1R
YL AT BRSSO i . —JEHE 3 BT
ABEMEFR 8w, B HE KX AD K5 R 1E
FAHARNRBE T WA AD B AR A, TR R
73X e T i AR BB A5 2 B H AN T RE R I AR R
I BE™

(L) EAES SN ES

HRAEH )RR A TE B FT LA RER R 5 AD 1
RIRRE . 20 BR B RE MR SR E AR
5 h T LA 4 B 0 T RE AR A XU B IR 389 AN
35% Y, BAN—TFRNA 16 TRTHEHERFIT L34
e 7% % BR A4 7 756 2 BB 4 9 S 1) B A o XU
BEA% 28% , THTKF AD B K9 KUK A 45% 1, — T
AT BASIBF 7 B 3 TAE Z ANk 1 i 3,
A2 TR IR 6944k F7 15 3h, BB 1 B 4F B AD B},
i S 1) R KU PR 50% , X R R 4P VE F 7R ¥ 7
APOE g4 S RE A EHERA R, BER
3R RO S 1% 3, JnEE , t B/ B X5 AD AR
TifewR KRR , K% S % AD B4R
VERITT B3k B Hp 28 3B A, LA RO i L8 %
T E BRI ER .

TEIHE T B EE KEXT AD & m RS B AR 31
FAZJE , NI 56 400 386 0 o 7 345 30 A1 B 68 38 o 18
TN & R K AD A9 & R RUEE , 1IX —HE R
ZANRATREW I AIESL, AR EBRLREFER
AW SRR N T B0 A e 38 i G 7 7 B0
O, INFT R B BE 2 ST B ANRSE , ¥Rl LU A
R RN . XN S S A LR T HA S
F B E S AREHACIE S S E Y E R R A
S ERRIL TR AR BRI E R . R B R
BUOUKLIGBF ST BG5S R , NS A 2k TR R
S5AITRER B 4t TR, e > AD R IR
R, MBARFHNT R R KR E 24 A
EHH NG D ERREERK,

(+) BishMn

(6l [ P BF 59T S /s AR A 58, 4 T R R L IR



- 1464

AR 2018 £S5 H22 HE 98 #4519 Natl Med | China, May 22,2018, Vol. 98, No. 19

St 30 min LA b B9 E RN SMG S, BERSIE N AD
RIRFRE S RIS R BN, 768 RS
FHBRED, BN ERIARES . Wi
105 B PO AR VP AR 7K T B 38 5 T RE R LW T
g BRI

(+—) HAth

BT ERERER, AMTEMR T HME R
AD RN B, X B R 16 4 At S SR
HEZFMNAIE, 40% ~50% ) AD BEER LR
HINERIELE , R R B A MAR = A9 ABEE AD
MZENHER AR RE R, R B — R
HEHERIX AR, 13216 3T 68 i 1 hn ik
FEB R A E S, B EE S LR W
AD BIZR KL . YA T IE L 4L 3T 1 Sh 0 &
BN AD B9 %5 KU T T 8 45 4R e 0 B R A0
ST AD MERFAB I 2 &5, WAT
BT B AT M TIRIE LA S 2 B i e AD &5%
R R, X AD RIFHEME ¥ S8 E
K MBS R E R ERAE—E.

= AD HJRUB T AR 7Y

AT ERREZEH AD &% KK H XK &K K
R IRARZARH B TW AD 5% KK 11T
DEGR. BTG RERETHLHOLME 2
1t 5 & & B\ 3] BF 5% ( cardiovascular aging and
dementia study cohort, CAIDE) % i i) CAIDE %%
KBTS e E R A R U S S T ot 4 4
WA, S HRETF LI EEBENMPFR (M
cardiovascular health cognition study, CHS) fj&4E A
BRI B % P AD KU ¥4 (late onset
AD risk score, LOADRS) ' % T & 24k A S0 F
HiR MY (aging, cognition and dementia, AgeCoDe)
B2 R BE ST B XUBS P43 (risk score for primary care
settings) '/ il 2 B4 FR 5 58 E 05 KR VLA ( type 2
diabetes-specific dementia risk score, DSDRS) [ &£
XEARFWFTREARE — LI R AL £ A
IS RE D, FRTRREMERER, HRERK
HEKFHLEEEREE, nEEEREEER
[RIEE I BT B AR R[], 4 e 4 1 75 1t s | 25 R
FMAERER AD WfaRe R R, TFE B4R, 000 M 4 5
PR AD BRIWEREER. YEIRANERE
%, AN TR R M2 0EERE N ER
IR AD KRB T PPAG (., BEIE I
2, B XS RGN T E H K2 B E £ BF
FARFHRAD WEE ABH LA T, A

60

BEE TS Rt e MR — EE R AR
G B AL , AT 3 R A B R AR 1

AD B 28N AR 21 42 H 2 R, t
AEEBFEELB/AKXERS T BEXT AD ZHHL
HIFBIT IR . B7E 2 500 57, FEGERESR
EEEE(EFAZ) PREL FERERRK, FE
BHR, FEJAEHR" . Bames ' WK &R, {0
FREEH AD B 7 M EE G R E K 10% ~25% ,
S R 110 77 ~300 7 AD B#%, Hik, g
RE AT s AR AD AR MBI K, I 4T X &
faf B R R BT, 8 AD &9, #5 4% K Hus
BHoMAERERME,

[#%]

Xt AD KR HI AR R & BT B8R B, 34t
ATHMEREEFRREHTE, (TFIHLH)
e ER(EHREMNRETRERSZAR) ; 3 /A (AL
BARERMZHE
G AR (HEHERNRFERERMZME
EXERLAR(BREREEHF) . TEF (FIEARER
B EAR) 28 (F2EEREARERWZEHNE);
SRECGIILEARERSZNE) ;28 (REHHFYER
MZNE) B (IURKRERBETERBZHE); £
KA ( LIEREREMBILFERMEAR) 2 U (ZHE
BAEE—NBEEREZAR)  KAL (BN AK2ARE
BEMANR) S RA(BREERKEMBHHNERMZA
)R A F(EHERKRFERERSZAR), F AR
AIREEZEMBE —ERMZAM) B2 (HHER
KEERERMRAR); BAR(THREBEBREE—WE
ERMZAR); 2+ (EHEM AKX ERERBZKERK
BEIHL, MENED TR (BN EAERHZAR); &
(LRI MERMER) k2 (B AKEMBELER
MAENBL) B RN RFHEBRMZNEL) ; B8 (55
ERREERERMEZNR); S22 (R KX PHER
MEZAR) B AF(FAAFERMZAR) E2(F8TH
MYERMENE) R EH(EBERNARERERSZ
AEh

2 % x W

[1] Jia), Wang F, Wei C, et al. The prevalence of dementia in
urban and rural areas of China[ J]. Alzheimers Dement, 201410
(1) :19. DOI;10. 1016/j. jalz. 2013.01.012.

Prince M, Bryce R, Albanese E, et al. The global prevalence of
dementia:a systematic review and metaanalysis[ J]. Alzheimers
Dement, 2013,9(1) :63-75. €2. DOI.10. 1016/j. jalz. 2012. 11.
007.

Goldman JS, Hahn SE, Catania JW, et al. Genetic counseling
and testing for Alzheimer disease: joint practice guidelines of the
American College of Medical Genetics and the National Society of
Genetic Counselors [ J ]. Genet Med, 2011, 13 (6 ) :597-605.
DOI:10. 1097/GIM. 0b01331821d69b8.

(2]

(3]



FEE e 2018 465 H 22 A% 98 %% 19 8  Natl Med J China, May 22,2018, Vol. 98, No. 19

« 1465 -

(4]

(6]

(7]

[9]

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

Raber J, Huang Y, Ashford JW. ApoE genotype accounts for the
vast majority of AD risk and AD pathology[J]. Neurobiol Aging,
2004,25 (5) : 641-650. DOI; 10. 1016/]j. neurobiolaging. 2003.

12.023.

Gandy S, Dekosky ST. APOE &4 status and traumatic brain injury
on the gridiron or the battlefield [ J]. Sci Transl Med, 2012, 4
(134) :134ed4. DOI:10. 1126/scitranslmed. 3004274,

Devanand DP, Pelton GH, Zamora D, et al. Predictive utility of
apolipoprotein E genotype for Alzheimer disease in outpatients with
mild cognitive impairment[ J]. Arch Neurol, 2005,62(6):975-
980. DOI;10. 1001/archneur. 62.6.975.

Reitz C, Mayeux R. Alzheimer disease:epidemiology, diagnostic
criteria, risk factors and biomarkers [ J]. Biochem Pharmacol,
2014 ,88(4) :640-651. DOI.10.1016/j. bep. 2013.12.024.

van Duijn CM, Clayton D, Chandra V, et al. Familial aggregation
of Alzheimer's disease and related disorders: a collaborative re-
analysis of case-control studies [ J]. Int ] Epidemiol, 1991,20
Suppl 2:513-20.

Vardarajan BN, Faber KM, Bird TD, et al. Age-specific
incidence rates for dementia and Alzheimer disease in NIA-LOAD/
NCRAD and EFIGA families; National Institute on Aging Genetics
Initiative for Late-Onset Alzheimer Disease/National Cell
Repository for Alzheimer Disease ( NIA-LOAD/NCRAD ) and
Estudio Familiar de Influencia Genetica en Alzheimer ( EFIGA)
[J]. JAMA Neurol, 2014,71 (3):315-323. DOI: 10. 1001/
jamaneurol. 2013. 5570.

Pedersen NL, Gatz M, Berg S, How heritable is
Alzheimer’s disease late in life? Findings from Swedish twins[ J].
Ann Neurol, 2004 ,55(2) ;:180-185. DOI:10. 1002/ana. 10999.

Kalaria RN, Ballard C. Overlap between pathology of Alzheimer
Alzheimer Dis Assoc Disord,

et al.

disease and vascular dementia[ J].
1999,13 Suppl 3:S115-123.

Chui HC, Zarow C, Mack WJ, et al.
subcortical vascular and Alzheimer’s disease pathology[J]. Ann
Neurol, 2006 ,60(6) :677-687. DOI.10. 1002/ana. 21009.
Almeida OP, Flicker L. The mind of a failing heart: a systematic
review of the association between congestive heart failure and
cognitive functioning{ J]. Intern Med J, 2001,31(5) :290-295.
Antonelli IR, Trojano L, Acanfora D, et al. Verbal memory
impairment in congestive heart failure [ J]. J Clin Exp
Neuropsychol, 2003,25(1) :14-23. DOI.10. 1076/jcen. 25. 1.
14.13635.

Freitag MH, Peila R, Masaki K, et al. Midlife pulse pressure and
incidence of dementia: the Honolulu-Asia Aging Study [ J].
Stroke, 2006, 37 (1): 33-37. DOI. 10. 1161/01. STR.
0000196941. 58869. 2d.

Qiu C, Winblad B, Fratiglioni L. Low diastolic pressure and risk
of dementia in very old people:a longitudinal study[J]. Dement
Geriatr Cogn Disord, 2009, 28 (3).213-219. DOI. 10. 1159/
000236913.

Reitz C, Brayne C, Mayeux R. Epidemiology of Alzheimer
disease[ J]. Nat Rev Neurol, 2011, 7(3):137-152. DOI.10.
1038/nrmeurol. 2011. 2.

Kivipelto M, Helkala EL, Laakso MP, et al. Apolipoprotein E
epsilon4 allele, elevated midlife total cholesterol level, and high

Cognitive impact of

midlife systolic blood pressure are independent risk factors for late-
life Alzheimer disease[ J]. Ann Intern Med, 2002,137(3) :149-
155.

Solomon A, Kéreholt I, Ngandu T, et al. Serum cholesterol
changes after midlife and late-life cognition: twenty-one-year
follow-up study[ J]. Neurology, 2007,68 (10) ;751-756. DOI.
10. 1212/01. wnl. 0000256368. 57375. b7.

Reitz C, Tang MX, Manly J, et al. Plasma lipid levels in the
elderly are not associated with the risk of mild cognitive

impairment[ J]. Dement Geriatr Cogn Disord, 2008 ,25(3) :232-

61

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

[33]

[35]

[36]

(37]

[38]

237. DOI;10.1159/000115847.

Leibson CL, Rocca WA, Hanson VA, et al. The risk of dementia
among persons with diabetes mellitus: a population-based cohort
study[J]. Ann N Y Acad Sci, 1997,826:422427.

Ott A, Stolk RP, van Harskamp F, et al. Diabetes mellitus and
the risk of dementia:The Rotterdam Study[ J]. Neurology, 1999,
53(9):1937-1942.

Biessels GJ, Staekenborg S, Brunner E, et al. Risk of dementia
in diabetes mellitus; a systematic review [ J]. Lancet Neurol,
2006,5(1) :64-74. DOI.10.1016/51474-4422(05)70284-2.
Profenno LA, Porsteinsson AP, Faraone SV. Meta-analysis of
Alzheimer’' s disease risk with obesity, diabetes, and related
disorders[ J]. Biol Psychiatry, 2010,67(6) :505-512. DOI.10.
1016/j. biopsych. 2009. 02. 013.

Janson J, Laedtke T, Parisi JE, et al. Increased risk of type 2
diabetes in Alzheimer disease[ J]. Diabetes, 2004,53(2) :474-
481.

Peila R, Rodriguez BL, Launer L]. Type 2 diabetes, APOE
gene, and the risk for dementia and related pathologies; The
Honolulu-Asia Aging Study[J]. Diabetes, 2002,51(4) ;1256-
1262.

Fitzpatrick AL, Kuller LH, Lopez OL, et al. Midlife and late-life
obesity and the risk of dementia: cardiovascular health study[J].
Arch Neurol, 2009,66(3) :336-342. DOI.10. 1001/ archneurol.
2008. 582.

Gustafson DR, Bickman K, Waem M, et al. Adiposity indicators
and dementia over 32 years in Sweden[J]. Neurology, 2009,73
(19) :1559-1566. DOI.:10.1212/WNL.0b013e3181c0d4b6.
Brenner DE, Kukull WA, van Belle G, et al.
between cigarette smoking and Alzheimer’ s disease in a

Relationship

population-based case-control study [ J]. Neurology, 1993, 43
(2):293-300.

Ott A, Slooter AJ, Hofman A, et al. Smoking and risk of
dementia and Alzheimer’s disease in a population-based cohort
study :the Rotterdam Study[ J]. Lancet, 1998,351(9119) :1840-
1843.

Merchant C, Tang MX, Albert S, et al. The influence of smoking
on the risk of Alzheimer’s disease[ J]. Neurology, 1999,52(7) :
1408-1412.

Anttila T, Helkala EL, Viitanen M, et al. Alcchol drinking in
middle age and subsequent risk of mild cognitive impairment and
dementia in old age: a prospective population based study[J].
BMJ, 2004, 329 (7465 ): 539. DOI: 10. 1136/bmj. 38181.
418958, BE.

Ruitenberg A, van Swieten JC, Witteman JC, et al. Alcohol
consumption and risk of dementia: the Rotterdam Study [ J].
Lancet, 2002,359 (9303 ) :281-286. DOI.10. 1016/S0140-6736
(02)07493-7.

Anstey KJ, Mack HA, Cherbuin N. Alcohol consumption as a risk
factor for dementia and cognitive decline: meta-analysis of
prospective studies{ J]. Am J Geriatr Psychiatry, 2009,17(7) :
542-555. DOI:10.1097/JGP. 0b013e3181a21d07.
Barberger-Gateau P, Raffaitin C, Letenneur L, et al. Dietary
patterns and risk of dementia;: the Three-City cohort study [ J].
Neurology, 2007,69 (20) :1921-1930. DOI:10. 1212/01. wnl.
0000278116. 37320. 52.

Scarmeas N, Stern Y, Tang MX, et al. Mediterranean diet and
risk for Alzheimer's disease[ J]. Ann Neurol, 2006,59(6) :912-
921. DOI:10. 1002/ ana. 20854.

Ngandu T, von SE, Helkala EL, et al. Education and dementia;
what lies behind the association? [ J]. Neurology, 2007, 69
(14) :1442-1450. DOI:10. 1212/01. wnl. 0000277456. 29440.
16.

Wang HX, Gustafson DR, Kivipelto M, et al. Education halves
the risk of dementia due to apolipoprotein g4 allele;a collaborative



+ 1466 -

[39]

[40]

[41]

[42]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

R E 2018 45 H22 HE598 %5 19 81 Natl Med J China, May 22,2018, Vol. 98, No. 19

study from the Swedish brain power initiative [ J ]. Neurobiol
Aging, 2012, 33 (5). 1007. el-7. DOI. 10. 1016/j.

neurobiolaging. 2011. 10. 003.

Mortamais M, Portet F, Brickman AM, et al. Education
modulates the impact of white matter lesions on the risk of mild
cognitive impairment and dementia[ J]. Am ] Geriatr Psychiatry,
2014,22(11) ;1336-1345. DOI:10. 1016/]. jagp. 2013. 06. 002.

Soldan A, Pettigrew C, Li S, et al. Relationship of cognitive
reserve and cerebrospinal fluid biomarkers to the emergence of
clinical symptoms in preclinical Alzheimer’ s disease [ J ).

Neurobiol Aging, 2013,34 (12).2827-2834. DOI: 10. 1016/j.

neurobiolaging. 2013. 06.017.

Brayne C, Ince PG, Keage HA, et al. Education, the brain and
dementia: neuroprotection or compensation? [J]. Brain, 2010,
133 (Pt 8) ;2210-2216. DOI.10. 1093/brain/awql85.

Sofi F, Valecchi D, Bacci D, et al. Physical activity and risk of
cognitive decline: a meta-analysis of prospective studies[J]. J
Intern Med, 2011,269 (1):107-117. DOI. 10. 1111/j. 1365-
2796.2010.02281. x.

M, Chida Y. Physical risk  of
neurodegenerative disease: a systematic review of prospective
evidence[ J]. Psychol Med, 2009,39(1) :3-11. DOI.10.1017/
$0033291708003681.

Rovio S, Kareholt I, Helkala EL, et al. Leisure-time physical
activity at midlife and the risk of dementia and Alzheimer’s disease
[J]. Lancet Neurol, 2005,4 (11):705-711. DOI, 10. 1016/
S1474-4422(05)70198-8.

Abbott RD, White LR, Ross GW, et al. Walking and dementia in
physically capable elderly men[J]. JAMA, 2004,292 (12):
1447-1453. DOI:10. 1001/jama. 292. 12. 1447.

Carlson MC, Helms MJ, Steffens DC, et al. Midlife activity
predicts risk of dementia in older male twin pairs[ J]. Alzheimers
Dement, 2008,4 (5) :324-331. DOI;10. 1016/j. jalz. 2008. 07.

002.

Fratiglioni L, Wang HX. Brain reserve hypothesis in dementia
[J]. J Alzheimers Dis, 2007,12(1) :11-22.

Crowe M, Andel R, Pedersen NL, et al. Does participation in

Hamer activity and

leisure activities lead to reduced risk of Alzheimer's disease? A
prospective study of Swedish twins[J]. J Gerontol B Psychol Sci
Soc Sci, 2003,58(5) :P249-255.

Andel R, Crowe M, Pedersen NL, et al. Complexity of work and
risk of Alzheimer’s disease:a population-based study of Swedish
twins[ J]. ] Gerontol B Psychol Sci Soc Sci, 2005,60(5) :P251-
258.

Valenzuela MJ, Sachdev P, Wen W, et al. Lifespan mental
activity predicts diminished rate of hippocampal atrophy[ J]. PLoS
One, 2008, 3 (7 ): €2598. DOI. 10. 1371/journal. pone.
0002598.

Moretti L, Cristofori I, Weaver SM, et al. Cognitive decline in
older adults with a history of traumatic brain injury[ J]. Lancet
Neurol, 2012,11(12):1103-1112. DOI; 10. 1016/S1474-4422
(12)702260.

62

[52]

(53]

[54]

[57]

(58]

[59]

(60]

(61]

[62]

[63]

[64]

Fleminger S, Oliver DL, Lovestone S, et al. Head injury as a risk
factor for Alzheimer's disease:the evidence 10 years on; a partial
replication [ J ]. ] Neurol Neurosurg Psychiatry, 2003,74(7):
857-862.

Franz G, Beer R, Kampfl A, et al. Amyloid beta 142 and tau in
cerebrospinal fluid after severe traumatic brain injury [ J].
Neurology, 2003,60(9) :1457-1461.

Hong YT, Veenith T, Dewar D, et al. Amyloid imaging with
carbon 11-labeled Pittsburgh compound B for traumatic brain
injury[J]. JAMA Neurol, 2014,71(1) ;23-31. DOI.10. 1001/
jamaneurol. 2013. 4847.

Jorm AF. History of depression as a msk factor for dementia; an
updated review[ J]. Aust N Z ] Psychiatry, 2001,35(6) .776-
781. DOI:10. 1046/]. 1440-1614. 2001. 00967. x.

Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially
integrated lifestyle in late life might protect against dementia[ J].
Lancet Neuro]l, 2004, 3 (6):343-353. DOI: 10. 1016/S1474-
4422(04)00767-7.

Saczynski JS, Pfeifer LA, Masaki K, et al. The effect of social
engagement on incident dementia:the Honolulu-Asia Aging Study
[J]. Am ] Epidemiol, 2006,163(5) :433-440. DOI.10. 1093/
aje/kwj061.

Kivipelto M, Ngandu T, Laatikainen T, et al. Risk score for the
prediction of dementia risk in 20 years among middle aged people :
a longitudinal , population-based study[ J]. Lancet Neurol, 2006,
5(9):735-741. DOI:10. 1016/51474-4422(06)70537-3.

Bames DE, Covinsky KE, Whitmer RA, et al. Predicting risk of
dementia in older adults; the late-life dementia risk index[J].
Neurology, 2009, 73 (3): 173-179. DOI. 10. 1212/WNL.
0b013e3181a81636.

Reitz C, Tang MX, Schupf N, et al. A summary nisk score for the
prediction of Alzheimer disease in elderly persons [ J]. Arch
Neurol, 2010,67(7) :835-841. DOI;10. 1001/archneurol. 2010.
136.

Jessen F, Wiese B, Bickel H, et al. Prediction of dementia in
primary care patients[ J]. PLoS One, 2011,6(2) :e16852. DOI:
10. 1371/ journal. pone. 0016852.

Exalto LG, Biessels GJ, Karter AJ, et al.
prediction of 10 year dementia risk in individuals with type 2
diabetes :a cohort study[J]. Lancet Diabetes Endocrinol, 2013,1
(3):183-190. DOI:10.1016/52213-8587(13)70048-2.

Imtiaz B, Tolppanen AM, Kivipelto M, et al. Future directions in

Risk score for

Alzheimer's disease from risk factors to prevention[ J]. Biochem
Pharmacol, 2014,88(4 ) :661-670. DOI;10. 1016/j. bep. 2014.
01.003.

Barnes DE, Yaffe K. The projected effect of risk factor reduction
on Alzheimer’s disease prevalence[J]. Lancet Neurol, 2011,10
(9):819-828. DOI;10.1016/514744422(11)70072-2.

(R B 47 .2018-01-24)
(AUHRERIE)



ﬂi%ﬁ:lﬁ]‘ﬁﬁ%ﬂﬂi%ﬂ?ﬁﬁi“ﬁ
Sl SR T B GRAT)

\l

a
AL );
- PN




AT
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2 ARG . 32 T 2 T S 0 R 30 A A8 5 1% B K P A T et
25 PR R, SRR N A S . AR AR I 2 1
FE, Z5EER AL TR R TR, R % (25 R AL A A R TR
AR TEBL . 2RI B S I FRA L T2 . S48 S 254 R B IR SR 2
Moo 38 SHRZGITR A2 I TR, 3547 25 (5 U T4 5 R 8 e
H%. [ FDA CHURTE 140 RA IS BbREE NS MR RALE B, W R0z
MBI RRION 42 A0 AN, ST AR R L 4 S FDA HEiE 2 MbRic i 2
FORRE (i MGMT SEEE AL ORI B\ H A7 ST . 25400 5 IV X R % 3
LIS TR STHE AL L5 U 7 AT

ZHT 2 LA  4 2  SR H BLAE 2 R 3 /9% (pharmacokinetics, PK) i
MR E F1% (pharmacodynamics, PD) BT . ZAARHIEN 1% 4 3R & B2
WIEAE R IR, 40, PRI, 00T T 2R R 25
% LB S LSRR« P SO S PR, A 2 LR 26 5 1R R B R 2
AR FE SR AL o B R S, O ST R 2500 T 5 P AR 2
{02 T % 25 AR 2 7 5 DR 94 K 0 T 45 5 1 A 0 8 2 R 95 2B 1 25
YRR, STLAMEILIZY, TS 2RI A SR A, By 1k B 259
R RRIHIR L. HAT%E FDA FIFRE 25 I SR (CFDA) HEMET — &
SIS 25 BE B I A . 3K k) A R A DNA BEASHEAT L BRI
TE 3 PR e R T T bl T RNA (0K b 22, REAR A LR 24 ] S0 B RNA FEAR,
(RIS AR, SOISHHI . B, RNA R B R AR S

AR 6 7E AL P 265 PR ARt — SChE R 75 . AT b G 1 25 S R 2
IR S A L BB 2 R S RO R LA R e Ah, ORIBR R YT 25
A AL SR R L R B ALSR T R U AR 6 79

RIGERE AL R B RZEEE TS 07 . k2 PR 25 BT T
R RIS S R e T, LA R A A B AL E S R R E R S,
L2 L TR R 2 U T B 2 o R 200 2 A PR 2 B 2 M T A b e 2 2
Kot i S HLSUETT .

AIEARE A, FS. WNT HefE. KIBEAT. Pk, R AR . A

Sa~ WHERR EAS .
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7.0 AT NRIEAEIIR ..o 24
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BB oottt 27
B NS 8 i O 3 -3 = SO 28
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1. AfEEEHEE

ASFETS HH E K AT E R BE AR H R L KR R ilE, B NIm IRk S
B8 = AT AU AN 25 )40 R UL R R MR (148 5 o ARFR R I - Z0E N SO A
PR 22 53 ¥R 1) 2 7 WL R S 56 =5
2. AR AN 2 YA R HE R B R A U iR

27 AR Tl AR 24 ) A P A e DR A e ) 2 e o 5 o 245 400 £ Ak pA) AR PR T R 2H 21
XTI BURYE, SRR N CEIRZPIIST RO R SR A MEZESR . 2451
BETRI 20 AR B RS U2 I R St AR 2500 TT I AT 3 . AN 2RI G A 25401 H
PO SR DR R, REAMAAL T 2 DR M ARG S AR ARAE L dafi. #Rli. abER. B
AKTI S5 RIRAE SERE . N A T A A B A SR, DK AT R H B i) R
Xof i A5 T THI R Y AR BEAT A 21, AT T 2 AU i AN 24 7 1 P AR ) PR D 2 b
TR S
3. IRERE
3.1 Ct{E (threshold cycle)

PG E B PCR JREIR) 5% ' 5 B I 1 5 1) IR P 75 PRI A 8. Ce fB A2 T PCR 2
FREURAIN, SHA R IIAZ IR 731 I R a6 75 VUK S bl BIAEAS T a4 Dol %
SGHRFE T AU, ARSI Ct B )N o
3.2 RNA (ribonucleic acid)

ZHERZIR, 5 DNA RN RBEIZIR, AR B BRI I — e P HE U i e, &
PRV T A 2 I IR , A77E T4 PRSI 40 MO A% . 7E40 B B TR PR 4 i B A A 2
PR EEMMEH . RNA 2> TEEEE RNA (mRNA). 315 RNA (tRNA). #ZHE A
RNA (rRNA) HIHAd/N RNA SFEZ MR, 73T AR DIEE. %5 RNA RS
PR A RNAG
3.3 rs fll ss fK & SNP

H1 35 [ B 52 A R A5 B (national center for biotechnology information, NCBI)
#57. dbSNP HU# FEfil 2 [ SNP s %4 7R R, s R 1) SNP AR 3K CL3R1G 5 J7 A nl FlE
[112% SNP (reference SNP), ss #& R[] SNP X3 F ' #7822 {H v A 15 EIA AT 1) SNP
(submitted SNP),

3.4 TE ¥
TE ZE#9 1 Tris A1 EDTA B & i, FEHTVEM DNA, BEfaEfiEF DNA.

66



3.5 45K 88 (mismatch repair, MMR)

FEEAEEICIEE ) DNA 7 7 b, EIEW R HRFI/VIKENZ HREE T, X
FRREE T2 IE DNA XURTE A IC IR, 30 n] 18 5 DR 52 97 90 1 7 AR R A 1 R
AT . MMR [ R 75 2 X o RERE A48, () HUIBR T4 RAS R IR, i
AoV bR RS R IE WAL TRR . (2 E 00 R UM IERR 0SS, DIBRBAS LB 4),
SR DNA SR-& 8 I A DNA ERRGIEN, & BOERHRCH XU DNA.

3.6 B EREZ SN (SNP)

AR ENMLER—A. T. C 8 G ST 5N DNA FAIRSCE, &t A
AL N Ao 2 1] G o AR DR A 1 22 A 1
3.7 FfER

— R TR LT R Y AR R A B R R A RIS 0 — W A 2
FSORT PR S5 87 R R R 7 A 1 1 S A AR R, U2 AN AT IR SR R Al o A PN S5 ik
RS AHIE, WHZAMARSHZ IR R 24 A
3.8 5-FREENE

—PEE A, RN R G B A R, PHLT DNA 52 ] ) 0 75 JURH IR J s g
&R T TR RIGRIT .

3.9 6EE

TR T R AR R B, 260nm P N AIROGIE (DNA Wil
fB) P KE7R DNA FIAEXTAR R, BAR#E AR : DNA WKE (ng/ul) =ODas X 50 X
MR 2o
3.10 EEEH

e KB GEEEST T K SRS E T 400) MRS FEE TS m Bt s
PRACHIRE M T AT 228, B IR IR ERET 43 I 28 38 A5 5 T P g 1R SR EURE 201 1Y)
HEMFIER.

3.1 £#H

FERAEY RN RE AL, TR B — & AR U — B DNA.
3.2 EEE

MHRIBEAER, RF AR AR R A A SRR, B BRI R R, R
MICEIRF A R S A Bt Th, ARG 3 A, Bk, A4
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http://baike.baidu.com/view/545607.htm
http://baike.baidu.com/view/307185.htm

BB VRN, AL b HARE I R B DAY, AR AR AR 2 — MR i B R 2
3.13 ER AL ED

e a] F TR (EH AR A 2 R s R R RN/ BRI T R A T e s B P
A& () DNA B0 RNA F#tE. Hob DNA BReE T A FEEA R Tz iR 2 80
PO E BB ANE. BAEA . DNA B R . B E RGN /BS . #8 DI
KA G mAF L Ar . B, SURBUR S . RNA R A EA R T RNA 741,
RNA KIA/KF. RNA LGSR CanBiHfgmiR) . i/ RNA
3.14 KR (limit of detection, LOD)

WRAR R — TP AT T A KR AR & &, X — 0T B T e AN 2 B Bk
fE.

35 BRI K TIEEZR (health insurance portability and accountability act,

HIPAA)

S EBUF 1996 EMAG I BT MRS AT I AL AUE Y (VLR . RIERHIE T — RH%
AbrdE, HUORMEETE R BERIR R4S B O W] DAL SO R AR L U )RR G 2 R
R R AE AR T VERRLE o
3.16 BEBFEE RS (polymerase chain reaction, PCR)

fA Kk PCR £A, f&—FiRs T 45 5 DNA FBUOEAR, B %R o] DLAE R a]
P —ANEU LA DNA # DL 38 3| T2
3.17 g RAR S SR 5 %

FEFEXT LA AR SRR A AT D2 A . . il sE .
M AP MEFHRLR, TR R AR 56 R 55 1) 5056 = .

3.18 REBUE (sensitivity)
5 2R G0 R A AR LUK 2 PR 43 000 B8l AR A I A5 PR e o

3.19 EHFAEEH
S = AT 1 P T3 AL R B SR R E B R S B
3.20 Z[E A EPH

F RPN R 2 FK LI TR — AR A, FE NSRS R S s 36 =
AR PP LI = AR RS, WAREESIIAE .
3.21 BEEFEER (DNA)
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IRERI)—Fh, 2 AR T 2 0 I E B 2 IR 570 (ANTP) R 2 S H IR,
AT G (S BT . DNA JA—FhRUEE Sy 7, Gl A% R 5L 0o (8] 1) S 4E 52 - DNA
BEH) 4 FIZERREAE: RIER (A, IR (G). Miene (T) Mg (G. A
FAFAEPFI AL DNA: Sk B3 QL kK240 DNA (gDNA) Fl1Z ik DNA.

3.22 B IKAE (proficiency testing, PT)

ZAFRAS T IV 0% B S0 = AT AT AL (B %8, KB E s RS
ZH B oAy S5 2 1) 45 SR R GE AT LU, RIS RS RS S 2 5 R)SIe%, (A% (H)
Ji VA -

3.23 EWbRied (biomarker)

BEVAR TS A W —FREER I Y05 (41 DNAL RNAL EEFRE), T T
TRZWT. IR 73 S BT A BT 25 BT R A B bs A i 22 VMR St
324U BE

R B A DNA RN 7 A SRR BRI X, AN RIT KA 1-6 bp 2
). MYEEE TR R S 00, T EE DNA AT 40 3 FisAl, oA, g4
FTE] 7Y
325 WP EARFEM (microsatellite instability, MSI)

A2 T8 TR ik [R] 2H A 5 A TR A7 5 ORI ) AR R i DRI A L, R A LA ol
2R B N T ol ) 5 A W S5 5 PRI R DR/ N R A S, H BT ) R S B R B R
3.26 &t

TECEIMERE P, FAISR UL 10245 R Ae e B SR AR E (BEE) RbEk &
e 1.

327 N EE

AR 2R AN CT A L0 e H R AR RA &, DL N B2 A
A B R R B 22 7 o 125 V208 H R A B R A 7 e BRIE 2 TR
3.28 L L HE

SN (1 BE R 22 A VX 24530 S S0/ 22 S (R ), R 2 ) B R A 2 i B 2
3.29 YA R KB (adverse drug reaction, ADR)

sefe ElA R MEE R M. HEH TR, SHAGETXR, HAEE
Y AT 7 B S T 1R SR

=
o
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3.30 25401 )R B

BN 3 AG CBRZGAREN 3280 2iRS. CUnZMsnisl 7350 25T
BTN IR
3.31 R R AR

AN REER A B S Y B (B R, (R EH RT DL I 2459037 B8 RO RR B2 e
PRS2
3.32 RILEE PCR

ST R FH 2 Gk B SRR E R TR T, X SR A B S NP AT R R
SEI WA RSO AR, 25 G AR SRR A AT DA 5SS S AT A0 AT, S I DR ARG DU D 5 A
(B EE=HT
3.33 MRS 3L (FISHD

— BB R, AT AR SRR AL B AT R A8 7 . AR R BRIRET R 5
HAT o FEAR U IR IR AR A, W T Bt b L PRI ) o A e o
3.34 %8

PN LA L 18 437 AT FE T (A 2 55 A R JR T 35 L () 2 A R T A A R 581
T AR H — A SIS o PR AN R R IR K 22 4% 5 R i < 1R] 1 LA MR T 48
EATHE A A M U A AR A% R 24 58
3.35 H1EFZ C(informed consent)

BEHBR B R, 0T LA ER 5 A BRI v I e it A RS I 15
A Ve B AR .
3.36 =il &

AR T st Bz ) E IR AN A2 F T 40 A R b A S
3.37 HEHE (accuracy)

MRS R RGRE SR ENS S, RRMEERSBEN—BREE.
3.38 IE#E (trueness)

75 2 R E SN R EENFRES — SRR — B E.
3.39 % E (precision)

SEARTE— 5 PF T 2 IE R, BT flE 45 R M GRS, RonillEs R}
HIRIBEATL IR 22 KNI B
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http://baike.baidu.com/view/37.htm
http://zh.wikipedia.org/wiki/%E6%A0%B8%E9%85%B8
http://zh.wikipedia.org/wiki/%E7%86%92%E5%85%89
http://zh.wikipedia.org/wiki/%E9%9B%9C%E4%BA%A4%E6%8E%A2%E9%87%9D
http://zh.wikipedia.org/wiki/%E6%9F%93%E8%89%B2%E9%AB%94
http://zh.wikipedia.org/wiki/%E5%9F%BA%E5%9B%A0

3.40 ¥R (specificity)

TEH TR G GREmED I, SRR IR 5 A6 0 15 fiff b 53 5l B2 e e — i
T3 1) e
4. iU BRI 24 P B e B R A U 20 R B ARAIE

AR (e DA RS 56 S5 = P 2% 1R 0 38 1) 43 T 12 I T00 I R 24 PR R A A 382 ff (R A%
P2 58 M e B A DR R R (0 OB o AR ASLE RS I T 0 2B DR AR AS VR EE . I8 AI R A7 1 & 22
Ko WA EA YW RS IRIER, 3 8UE SRS R HE .

4.1 REERTHER
D S FEHERMRES TS

LA i AN 24 P A FH A B PRSI SRAE T 75 L5 T A R 5, R RN A 2
BB, DA SRR R BERE F A e RIS A o I PR = AR AR I PR 75 oK & 28
R TSWIE o AN 25900 TG, IS 526 & NN 5 s PR S i () Va id,
SR SRR IR B ME RS W H , F BRI & AR I0 S B AW B
A B PRI IR RS I, B T AR RN AN 245 0 R ) 75 3R Rk Bt H H
Ko SRHG R NARYE L BARM TR, el mleErs, nEFsHERTEEE, &
IR FIWT 255, I WA BAE AT BB BT, 7 A 56 R 3 JEAT PP
2) BEMERRIZRNEBRE

BT IE R0 2 i DRER AR IR I R AR A I RT3 o CERAR A 25 2% b Ry B J
WERE, BN AREEA . BEERAREE . ERS5%. BN AT e ezt
e BE S, ZSLRehs BEIER.

PR ASSCHE IR 1) B3 A 20 25 R R (9 2 S, DA B AR A, RO
Al RIS BRI H O HK . B AR, HH T REAEE A 2
Sl 25 5 PT Be IS I PR 25 SEBRA AR AR 00« RIRIZIR I 217 CRLAR T RERE 44 T
FHRITE D) RARAFESIA], CRAF 2R IS AR CELFGET IS M T 50D o X St
AR AR T W0 E W5 R BURRE ALY, S A S 3 K KB R A T AR B E )
RS AT 2B R IR TG . A R R 5 R a5 AT AN sz 15 0 LS5 HOUE s, 02 J
ATAE B F T H -

3) BRBEREEE5NEKMEZX
PRACR AR 75 TS 6 ke A B, SRR L RIS B B R EHS E A
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HUE IR E . beAgm S, R4, ol HAERD. RIE. R H A,
PRACRIE CHHZUEEAD . MRIRKRE R (inBrm . RE . e, i iinil. &
HEm . AR REEA KRN 2R, BREIT 45 E . el =N a %
M G AR BRI H & B AT A%, 0 B AT SR R T
4.2 tRARE

I PR 73712 W S 50 5 0] 3% Rl AN FH 24 4312 T R A (10 SR B e A ) 22K
SESOP. WRASKAE N AN KRG o SRAE AT RN AR ACRIE S BT VA, MR ARZY
WAGARSTHME L, TR0 T 259 BN 265901 FH 4 i 2 DR A
FRIPRASTE SR AL ) b JCRRRBESR o 0 P L YR A 22 T 42 2SR Sk TR A )8 (A8 e
o MR 20 2 DNA RS HT R A B2 BT BORR AR RITT, (HF TRNAZG T AR A 5 &
ITREE, MU A S BRI 7R AR R 4 o AR ACREE TR EAE R M. —RMERFE R
Givpserk, BT EHNA S8 M. PSR — MR, AR is . TR
MR AR T IRRAS, REERTHRDIUIRT- B, DAk G br A b [k A 0 B8 A R 7 kIt v 24
PR FR AR 35 e o

FIT- 23 AR Bl AN 2540V FHE el B RS D RO AR A B 20, B4 A ba AR . 240
A CHrifHZ OKURAHZR, A, Ffilbr4) o D7, &8, RIEKEE.
FEACRAREIE DL A A I 22 A 5 B fRE AR R ) o
DR Vilkzg 1 aFN

A MR A RAR B &A1& SR BA I SR b, I IR 4l 2 (DNA.,
YA RNAD RT3 H FCRFEARRA 2 o RFF 2R A 01 PCR, 4 i s B i br A — % H
EDTA BUMI#IR Eh ikt . SRAEAT 75 A KAEE BT 288 EARERRAE B 2 MARASRES
BRI 2~3 mL ¢ 8 TR M o, KR S 5 W R R S 80K DU AR 78 20 Pk, B
VL. QSN B R AN RNA, U & RNA BGE FIRREE, BURME R PG4
MELEHEIA R RNA FE . RET MBEFRAKS, ] o et Liingy 50 uL
AIL, HRAE TR I BRI A, TEIR AR TRED 4 /N TR
ARAERT AN EHES BE, A5 H AT, 5 57 T8 5 RN TC R, 4
MBEZ B A G5y, R IMATFERAAE R R, a3 EiEik,
2) AL kRE

A RASH I (1 2L 235 I 0 s 7 4 P R DR B — 50T, 84 4 LR R A% TR w0 20
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HRIEI Cne R 23 mRNA R0 @l a k] FER Y elish ok . F AR KT
WMEEATRES), TREHARIRABATRIN. "THRARGRACTEEEEAA. A
ANIPEY O EERAVIPEY vl P

a)

b)

B RANERT L SR RN TR — 5, TRl 21284,
R RENR DT AR E TR T, 10 mg ZHZUR AT H DNA 5 RNA 10 pg.
2 A T KRR N FARBTER AL (£ 25 mg); PRI 4H 28R R IR AL MR 41 4 EL
B1>70% o ZE RS IR L 0, AR AN RS o B IR AN AT 0%, 21G AT
RIRIE>100 NI, 19G G0EHFIRIRIG>150 NI, SO AR R >300 4
YL, CT /S Mgt 7 R AT $RA5>500 ANHAE . 38 AR I B A A o fi 33 448 i £
o FILF] 200~400 Ao FEFLAFHLN, FERFI R IO AL I 4 284N AE A
SR (il R AT E PRI . AR, J5 1 AL B 5 ORAF . MR = 2K o
B IRUETEFE ).

AL 2. HEREE T 1096 HP R VA VR ] B S UbR A, e & )
I [ 5 U0 Bouin Y% . HEE/ T/ DNA $5 72 [ 5 3 /N B B kA, ELI i)
K, DNA G 5 . R HEF R NA L USRS AR [ 6~12 /M,
BRHIAS T RYIGFRAD [ 6~48 /. FIEEHE & 1A b G i 2 208 & T
FIAE RNA K, EAEBRA HAt bR A v (R i, w28 Rk 435G 15 YLl 7 SR L
RNA FIFAI, 500 RNA 7 A BE B i <130 bpo  ZHZRBR AT v i AR 1) ¥ 75
bR AR 58 X5 5% 6

Y . T DNA KUy, FARPRATR R 10 ypm B AR 4~8 5K, HIH
NI RN I F IR ARG 10 pm BV 8~10 5k FrEYI A AEF .
R H 2R Y RAE HE Jefi )5, S BRI S0 FLEE, DA 75 2 A e 40
it e e 240 A K 15 R (—RER>50%) SRAEAZILLBiI<10%, HAEXT L)
R b R R, X R 2 ff 85 R X S AT hRids . DNA M A 2R s 4 i 25 /0
MR 5096 o R HRUHE It 6E G A% R AT S B, il 4 AN R S8 o B D) v AR AR
T T

3) OfEB%4uf

s it 7% 4 A mT ] T DN AT RNA 797 o %5 T2 H 3T, BB TR /KD )5,

e B e AR RS I, 8 ks P9 I IBURG AL 7 A7 s R 20 e A7, G ARRAS:
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Rt B TR BT, RO S2AR S 2 /0 REMSE 3 . MRRELRIBN T3 22
RSN E PR ONAR (S, (B N VEAARIC . JEARN 21 K Ab B, DAB 4 iR
AR BB s R . AR AR AT Ay R B v A B k. AT RNA 204 H
Ji it v 240 0 0 2 DR AT A RNA FRE T o
4.3 IRAKB R S5 RF
I TR N IAFIRRAIEIE 5 TRAF AR A BER e AR — 2R 4, DR PUIZ RIS
S R o e S0 = N E FEACIZ 4 5 RAF (1) SOP. fEIZIE T HAYIEFE . ArA M IZIE AN
DRAF I S8 7 TH L™ R A% N E AT o
IBIR TS RE  NLRT LB TBARAS (A SRR A B, TEERARIRRE . B, A
HI P o FR A RIAR IR AR I H AN ) L 33k TA) L SO0 S S SO 1A) L S0 28 e AU A
AR SE o JE ISR ARYE AR AR AN A M BEAZ IR (L 1M %€ . DNA 0T NAER R 5 8
NI IR IR S, BN RRIRZIE . AR ER Y RNA I, BEAE 10 70 Bl NIEIE 5058
FNARA R FIRIZIE; WRZIER A, MINARFARAE T Tk, 4 /N R IEIE S
=y WERFSATIIN T RNA FER, W] = iRIZIE RS . bRA KK RIS & NAT &
WA EOR . FRAN IS N B3N 5208 TR ARSI AT R 3 o 1Y) 22 A AR AR R e (1 5
il
D AR RERREAER
a) BCE MR AR AR MLE N A R BB I B E B w2, DAB AR AN Iz 1A I R rheR
BRI A e e R H A D e AR, IR R R B 4R
FBRAMBHATE .
b)  brAIE R Ak A R R SR AR A B e T AT HE T BUR IR B A B
) EFFRIFEMIPRL AT, PR S RS PR R S 5 PR S KA RAE S, B
FERFEAS 4 15 DLEAT EWATER B FEAS BORAE S B A X I 1) PN S B Im A S 06 =
d) HELBUMBARA RS FE T RE 51 M R i3RIk B, 8 & o M BE PR ERIA
i 5 S E o
2) B R BRAMRFERFM
W A B 2 A o R ARAE TR R D)«
4.4 BHARERESRE
D PRARIGH, $232 5IENC Im IR 70 312 1 S50 5 8 N7 7 A% HA A A 56 YA ] FEE A
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ANEREFRATENCH L, I 22 HET NI A . b ARSI N A K& g R H
HEREMHFEGER, R EERE: PIERGLEMET: PIERIHIE 20 54
Fn—8G WGBS Bl 1128 S SRS RS —5: 25%8 T
AR A R ShR A R o [R] REF A) Ta) RS CEESRCRAE 1 DA R A AR AR R 2 A
SN, MIBAR A AN B R M 2 B3 AR EREA AR AR
EMAWRRGRAR AT ED, AW KRBURE, HARRGHEGIEK. T
ARUIBRALRA T Y] AT HE Yetty,  FAT 2256 193 3 22 D V00 P88 440 B 1) 250 2 75 3
SRR . AIERHTY DNA FEARR, ZORIAFIRT 20 v L, OD 260/280 9 1.6~1.8
Z I8, WEERT 50ng/ n L, BAEHEHIKGE HIK KK T 50 kbe THIRTEHRSE . I ANTE
N 1N =R 8 N3 - I s o2k 1 < pu i W LY = o N 1@ 7 N RS RS Boy (58 K VA S
F, BOREFCORFEEEBNARE . ML SRR AL RS L — A — AR RS . FEAR
WU SAT A NS NS A T o R AU, AN ANBESZ RV, 0 201420 5K ik
1738 4 IR AR

2) FERKIEIL RN FEARSUUE LRIV ICHE AR A(G B, Uk H AR ], Jf
SRR A BRI (BEERD B E RS0, 58RI FE SR AR A 35 F e —
M5 .

3) FRATIACHR: F5r bR AR B S % 5 T dhAT AL B, AN ORAF T-UE 4R b I
WA T K H 2 ALK IR AR B M BEE R NSO E T, BRI IE AR, 2R
EEIRREE DR IR B ML . Al X5 g, — /ST ILRE S, AL
BLFH 70% (1 CBEMRIEVE, PBS W5, il T F —ANF MBI REE . FHRERE & A
s, 3 2 AP AT AR R A I B 75 AT RS T Mo, AR ) s R A ALV )

4) UG FRA I ORAE W (AN R 22 s I 5 2 ORAIE SR R )

5. 2RI EEAN 25 04 P B AU BRI U 3 A o R B ARAE

PP AR UGN 2 WA FH L ik ERURS WU 0 250 772 1) o B W e, 0 R ik DRI 7 1 1)
ARSI 35T [ 06 25U S0 A 43 A B A P PR s PR R G 0 S 6 =35 5 Bl 0+ v o B s 1 7 9 28
ARG SEIOE BT IER s A IFE T RS BE A il ARSI, 4i 588
A NSV BEARIUESR (WHXRRAASE): SATAEIN: AR I &6 R Pl Stk . S
06y 25 I ) R 5 PN PR AR R AR REE (SOP) R3] R ¥ 8 52 56 % A) Ltk
5.1 SR EFRITEX
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JEU E AR MR A o B ORAIEFR ) IEERIEAT . AR N AR A 254
e FIHE SR R AZ O R 2 —IPCR,  BEARAEZE SRV AT SEMERNUERA I, B SEE A2
B Y5 g7 o KSR w Rk (BEIT HUAIG RS R 7 0 S it = A B ik ) BERIET I,
AL BRI S SR, B PCRA=ITS G
5.2 R 75k

25 AR RN 24 P 1 P S et 5 RS W0 3 5 — AR E, 5 A% R B EDURI BT AoAS WU PR oA
5.2.1 BRREUGVE

DNA #HUH B- A AR BOE R SRS 0] o -S04 BT e 3 30 DNA # il
My e AR R, AT S 420 PCR M. SR MTVEIREURT REA7E 2R (A 53 S HAB I I 1)
B, DNA 2RI 3 A G . DNA S UM ZRE AV 2 2 N #E1T . DNA — RIS
fi#(E pH 4 7.2 1) TE (Tris-EDTA) ¥, A0 HFEfE. Ha1R DNA 525 LR
WHT PCR, AW KBEAT Hi iR, $2HH ) DNA 223k OD 2607280 /v T 1.6~1.8 2
[E], WP RTF 50 ng/ul.

DNA X EaE, 7E7C DNA BERESL T, #iR T 4046 DNA 1£ TE 22l i
H 26 JH, 2~8°C UKAR TR E £/ 1 4. J9BE{ DNA B s 06 ff DNA 58 54,
AL DNA SR AS K SAORAERLAE 0 °C BU R EREE T o 80K DNA IR A7 T-70°C B
PANRIFREE . DNA BUBCEERT f6 % 5 BKIEEVE h Grg c8  (M  RHE TR 4
ABIZERD) . RAME 5 WM DNA, JUH 2R T RERRA%, R OMm454G DNA 1)
HEJJBE SR . DNA $5oid TR AFAE 7 51 7] i 58-S Wi 4 ) SEDRL A Bl 28 AR ok A 8 1) 5 A 0 28
kg

RNA 3 BCH B SR &5 & iy - R 07 1R B0, EORIEAUE FIRNA OD 260/28047 1
1.8~2. 12 ], Biffatfi Fik28S:18S=2. [RIRNARA 2 # bR, 2HLUIF MIRNA I TE
Tk 2l H-70 °CBUE IR E N IR . RNAFMEAAE K Bk, JFHERR 20k
(DEPC) Kifi T RNAMFIEVE b, #AEFE R T2 . REHRNAGHE T Wit (pH
7.1~7.5) B . AL IRNALE 1 YA BlUG 3/ A AR FEAR T, B B VR b T S 35 B4 A
5.2.2 23R GEE A Z5Y0AE A SR B RIS W B A B 75 v

FFHERRAS U 1K) 7 V2 A FEPCR- B 71 . PCR-AEREER NP, % BPCRIA
PCR-FE KL Fridi . PCR-FLUK M7+ PCR-fE 70 R3S i ih 4e0: . S5 A7 R RS 2 MEPCRIE
PCR-FR MM BEK FE 2 TR A3 (ISH) S8 2R T50, 43R0 75 v 1) Js BRI AR
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R
1) PCR-BEENFiE

tHFR PCR-Sanger W7, 1Z A7 VER: T XU AZNEZIR (dANTP) K ibik, W45~
HRRTERE — [ 8 fUFIR e, BENLTEIE —HREE a2 l, TSN T
T Sehrid, =4 T L AL Ty C G 8551 DL AR 22— MRGE AN R B 1Y) R 51 4%
M v B I B GH A Rk o B L B S S EURE X R (RS /7 41 - Sanger VA 2
DNA P55 M4 g 7. BFi% 0510 BRI DNA 1751, DR A R 3 R 4y
B S bnitt -

PCR-Sanger /7% FI#AE 1L #2 T E A4S PCR ¥ 14 A1 PCR F=#)2lift. 7 i il
FP RIS G AT IUAS B0 IR 3 Wi 75 B I BRI BE M g o 0 R T
R, AR F KR, AR RO . FEAL: REBUEARS, JLHRE
BEAT IR AL 2R i SR AR A I, =4 2 2 SRR B PR R AR IS T 20 %6 I5F, T RE IR
FAPESE SR SHAFIAVUES AR R ER, ARG R BEE A, MR, N
A,
2) PCR-ERBERNFi5

ART7IE A 4 TR [F) — ROSAR &R P B GG 2 R RS S0 7% BT — 2%
AEMFEAREHINT 5P, 4515 AR DNA 1Bk 5, 7E DNA R4&HF. ATP il
W TG ERBEA = B R I 7 XU IR I 4 FREGOOPD FIFE R, $451% L& —A ANTP 1)
REH—IKPSUE SR BB R, BRI 58t 1RO S8 FE , 18 2 SERHI E DNA
FEHIRIE . BT il R AL B . R 3570 SRR R AR R
I AR TR B A T RS BT R A2 A PCR SORVEE B BRI 73 o Sy S i BH P4 A0
TR PR GE S, 827K X7 H P S 42 i RSS2 R ASE P 7 1 PR eSS B A A

TR R AR A R R B R, X AR G 5 AR R R A R T S A A U
SRR TS, BRI, SRR RS, ATRIUE R AR B AR R R BT X
A RRER, A G e Rl RBUEEAA R, of ebeg 2 23 rp B AIC = BEAR 4 il R
B (<3%) #HGHIEYE: WFKEMN 10 24083, Agex& BT /04T
3) SERPOE PCR %

AR R U R FE AN ], SR 5% PCROVE RT3 NARENE RIARRENE T A, 538 7 H
S BRI REE (Taqman A1 FE45) SRIERY G =M Ms8m, 5 & FIH R
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SRR RR BT R S SRR R IS P S N . Taqman SRENE R 285 T 5 Ui %R
B TR SRR, HAERBOI ARG 4 SR SEAL IR EE, Frh v 5% 55 0 B R R S 1
REE, Wi PCR 5IW). WY SRAREN AT 23 i) 55 AR BRI B A RUBEAR AN, L 31 43 ol oL
FH 2 445 R AN KR R e b AT AR e, PR AR IRER DR A5 B PO YR A — B . TE3E
47 SNP Kl , PCR ¥ 4 [¥IR K 12 3 BUREH SRR 456, U5 W Z4R4E b
], DNA REBEM 5 b SN BEE HEARERET (V) 53 4h & 2 FIAIRET EVIRR, iz 5K
U738, AR AT REF 520, T A BC ARG 5 R TR B S BT AN 22 R 50
AR A B RIREE B T ARSI PGB AN R, BRI T R 565 5 AN R, ATl X 52
5T PRI ) A A Y R R R

SCIT 9O PCRVE R B &, o BUUERf, $RAEMIEIRGE, PAAOCGRE DS K, 5T
HES AT (RO R E A S, R AR R, AR A SRR R R, B
RN, RAME .. RIEEEE TR D EA A KEEARET /4. Hil CFDA it
#fE CYP2C9. VKORCI %52 PR 2 25 A il 1) PCR-Z AR 77 &
4) PCR-ZEF ik

ZITVE ARSI SEA% B IR BUE R, W A I HES [ e T3 b, A5
Y FE S DNA JEIE PCR &3 JOARic S RET, #midiiint JR 2 5085y 258, il
A R Gett s B 96 AE ST IR, AT R AR B R AL .
DR By 23 B AR I R L HE PCR RTRY 4G . 2838 BRI R i 1071
T DNA F: [R5 BN J& T il , RN 50 ng/pL. FPRUES ik 7t it 75 B B I
SXof R MIBH P 5 42 i o IS P 0 R R 00 71 6 P R i DR R T 3 B % R IR A7 &4
I RTIRGIRS], ZeA8Fse B 55 b TE R 264 T HEAT, PCR B ANE AL 2
MR CORAT, O AR IV R A BN IS IX, (HR BB HE . N REHI I,
DA AE i % o e AL fU2 AT RN X 22 ANl SNP A7 347 K. 3K CFDA Eitt
2 M H T 25 A B AN 250 B SO R a0 ALDH2 . CYP2C9. CY2C19. CYP2DG6.
ADRI. ACE. VKORCI Z3SVERIN R L 8 il A& .
5) PCR-HIKSHT

ZITVE AR AR 23 AT (0 H 2R BUEAT PCR 473, JRId I B IR W e 1 FL Dk B
HE UK AT, ARYE PCR P2 IR/ HE R 2 A ML sl AT B R 0 L . VR T8
YA, HABEH T0 A 2 AL AT RN, AR AR A Z 1. BRIRHE HIk
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VI TR BB K B N R 2 A TR T RN, W ACE FEABR R 2 BAHE R
PRIIE T B i N B 2 S I UGTIAI*28 2 EMg B EA K2 (MSD #
ATATI . PCR AR b 75 7 BH VR o 2 it MBS ity LUK 23T I 75 (RT3 1~ oA
POIEAT v BOR/INIR AT o 224 3 - om0 RS 0 2l B HH IEC S8 1) 2t I, T e
RS s REALIR . PRI B R 2 ALK ALK Bl e K 1 VR PR AU AR
AR, TEFIESLI0 = AT R HIE A% DNA # /6 R 2 25 P sl mi & 2L R kAT
SEMENE, ANEEHT T SNP A .

6) PCR-F T HFRBMIL (HRM) %

ST IEIEIE X, PCR LR A it 2253 T EAT BE 1R 73 78 . PCR 9771 (10 475 88 oy 2 B ok
THYWPH, Fp )i — AN AR I 22 S5 48 v) 3 B0 EE DNA (AR aEIR B kK 2B %4k . HRM
V2N FH SR 5201 58 i PCR A M Fh 4R GO IR BE AR Ak, #fsE B 3810 H i Boh 2 &
FEESAR, T T2 H 43 4. HRM 20 H7 8] LC Green 55U RIS Yekl, 12 YeRIE
VAR BE R X PCR OB E A, IR n] DL iR FE A, AT 4345 & DNA BUZ g
ZER /N . FEXUEE DNA ZASPEE R AAAE DO 7 T I AR, AR R AR B RIR R
Tt BRI, R i 2 i AR A AT DU e 3 B 1 2 R SR A T VAT B
Gy R )& T A AT

SOTVEBRAERIE . PRI BRI, ARG, 25 Rk, AR TSI E R,
FEREAT FH A ARG B ] R 45 g ot 20 o PR AL B ) iK1V R a2 s AR
B A5 DA B o R IE AR AR S s EH T BRI TS 5 55 DNA FRREIR B 1 A2 A AR /N,
T IS 1) R AUE RN o W R B B R
7) A EEE R PCR (Allele-specific PCR, AS-PCR)

NHR Y A R AR R4 PCR ( Amplification Refractory Mutation System PCR,
ARMS-PCR). ZBARMIFEAJGEH: BT Taq DNA REEEEZ 325 50 (/M) BE IS
3 Ui A T AR AE 2 S B | W A A g S, R AR B — @ FR R, Bl 2k,
FABR KR PCR 38724, TSR DNA WA 5 514 3 s e xt (e,
ZWH . I, AS-PCR N i B2 5% S5 Ao 5 DRURE 57 1) 5 | RN — S L B e i 51, 7
FARFE SRS AE 300t SRS T, (H AR A I A s — . R 51 35
PR 58 4 FE AT, PCR 3748 4 ] ABEAT o PCR 7747 AT o ik J2 FEL Uk AT 20 M7 AL PRI AR g
FIWT o Z7IEAR ] 5 S O 2 B PCR 45 Gl R AT 2L R 43 A o 12051 mT DA F A8
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HANAAL) SNP, AR L REBUE 1, R IE A T 0T e 2 2 e Fr) s 4 R R A A7 A
e R AR O 1 2R
8) PCR-FRi M RKE L ST %

BRI A B E 2 AL (RFLP) & —Fik TRED)E W 57k, R T
R RS 7k 2 —, BUEA 12 R o %07 ¥ 5 B S S R o) 2 Py D)y ] AR
SN IE— R P AR S5 K DNA, R0 AT B DI R E . FR 64 N D7) 6 101
XUBE DNA I3 —HE @ 791, FETERE & 17 B 53 M BUE DNA DIWT, M= A 5
(¥ DNA JrBto BT BRI 9 DIBER P 50 1 s v, —ANBdiE (1 B0 T LS B 1)
TR 2o R 51k, 256590 LA SNIP A7 5 75— BRI A DT Bl A AR 36z b
W 2 FEOZEG R H A i —Fh S AL R B B UI R R, XL T R A D) IR AL
S SNP HEAT 43 B, BT A FEL B 120 A5 PCR P45 AH R 1) B A1) 4 1A V)l i34 Ui
B BEYILUE =P diAT Bk, FEARIEBRED) =4 b BUR RN RIEAT B R 4 B o 7 VEA
T EATATEREL, AT ERN AR B, ARG, SRR M, ATk, M
BeSRIAE, FEREENE, KESHN TAEEKR, HHER T2 SNP 4%,
9) FRAIHRIE (ISH) %

ISH 15 DA A NARKR A, AL FE HE S S 56 77 v ) 26 IO 4H I 2 RO 24 hm A (R R B Ak
[ e A E AR, KA H 1) DNA SREHSZERRIEAT 2T 24438, TR AR 5%
(ER R R S o ISH FEARIZIRIREHAR IS 28T, 7T 43 9 5 WL BT S A7 A 52 A o it S A 2
A8 (FISHD. ISH yAG 3l e bs BA S B A%, o AT IR I . Bk
RN, (AR A (ISH) $8F ). 7EZ5WARINEE AL SR H, ISH VA R 2 H
T e DR A 4 R R R R

R 1. SR ZAE A 2 WA E P R 2 TR U B AR PR e e T8 P A EL AR

RS (A 8RR BRI
AS-PCR RPL =, ETX R XNFEAS L ARRAZ L
it e A 23 R AL PR SR AR AT AR -
EE 491 452 A% 1) 44 2
MR IR AL HEAT A o
SEIR 525 PCR WERE, IR RERE B XPHRAL R RBEA R A
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FERERI 7

HRM

Sanger £ 7

PCR-RFLP

FEPRE i

Ji AL 2% &

(ISH)

B, SRR S
Lo

o

EOEE, &R

FE, AL A

TR R B AL AN AR A
RA o AR
Q=
=W

AL, REE
i, MERRAE, B
(ISEE TR

HERBUF S, 5
R EbpitE, Wk
PUARFIRAZ o

TE 5 R IR 1A S
Bk, AR,
S I RE AT L, W]
BAEEE

i

£ 4 0 % 5 A7 5t
5N R AT
il

i 2R R A A i
o

R Bk A A
% AR
BN A
WAL, skl
=AW Bl T
20% ] SNP.
WEAL, HEHT
43 SNP 4374

(=

o

RAE AR, A
s SRR AR
WL
A, R,
i TR

BEATREI, T T mRNA
FARRI .
EATEOREEAR ., R
il = T 5 % I 4% R 25 Y
SNP Rl HIEAL A7 U
Hi5E -

SRR ER BN PM vt
TFIERRISET SNP 73 A4 1
Fe: AT CR R RN
s RIS

Al SNP I, RN
AR 1) i 2 DA K B8k oA
RS R

38 2 A8 K B ELAY
B R SL G BT/
A 1) 73 A o

T X Bk A9 1 R K S

i&
TR

5.2.3 ZGYARIHBE A 25 Y0AE R EE B R AR R B R A

WAL 2B 2 RIRE (PharmGKB) ARG I H BCAAE BRI A T 25 2 IR N 35E H 2y
N4, FFUONET T HIH (B 1A M 1B 20 il 2l RN i i s be e, i 4
2% T H & T Wi PR N H O IE 3 fe > T
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(Clinical Pharmacogenetics Implementation consortium, CPIC). iAW CPIC Z§#3E K 41
AR MR DL E B K AR A B 254 B R A 0 ST 2% (Pharmagenomics
Research Network, PGRN) A [F] H I H , IX FE T H 38 H 22 AU BEA LA B I R 146 (RCT)
X H R R SCEEAT TR UE: 1B 22 B A B D) AR R UE S S AH O, BLIXFP AR DG P45
A — @A B FUIESS, (HE F it — B R IG AR UESE . ARAERIN H Brid f ) 5
DRI ZE 5 M 2449 Js 2 o R AR FTLA AT A 47 (DNA B RNAD (A, MR 2555
FATIN I 45 25 ARG B 5 e da AR DR A% 22 A YRR L 2404 B AR R DR AL AR S
ST FCAth R R AR S A AN 24 4 BB AU ) mRNA IRk YRR 7Y (Bt C©O.
5.3MUBRERER . £ 5R5F

JE U A2 R MR R 2R D BT R EFR R ) I SERIEAT o 254 B AN 251 H
O BRI B A AR %, SEI & PT 25 A P i AR A AR 3 VR U I 2w S T T
(I A SR AR TR e R e R, W A B e L, AR R H
Y HISOP. X THEeit B AT s, FRIRIRE T EEME, HitEm e YU e ik
TR, FFORAFIFIRBAE S o IR G S UK R S5 B2 O 43P G35 00l B2 HEAT I o 3%
A A BT RIS I, R GRRDGE RS G AN % £ F IS
LR FEOT AR YE FOR TR G, NIH S AR E R IR IR . gy b R I i) 2,
JOL S AR 4 IR 1 VR AE SR, e YR 3R E N R84 .
54N REI

JE U A2 R MR R 2R D BT R EFR R ) I SERIEAT o 254 B AN 25 1 H
PR S DR U 8 B BRI . AR AR WA . A5 R i R PR . 1R
PEN B 5 B — 8 B W BOR FIRANA 56 7 BESRATAG € P FE ORI SSE R o o N 5 551
SERARAE PR B e . A BRI W NERER I, AR ISR I, @t kg, ik
AN DVEAR A 2 RS . “Biis g7 MRS BT RIS B A
FRYESRE 77, PR PR 0 SN EE B A R VL A ORI S LB AT HER 1L %
BEATEOE 3B o SEEE TAE N SRS UINE B AR O & s, PR 1
FHOGSOP. S5 5 RO 52560 2 TAE N BT AL S e ) B A% A0 AL e ) B8 4%, T
JENHBET I AMEES I ELHE B 5K B A v A 2R PRAGL IR O FH L K B AR T A A AL R 5
AR5 1 56 b S LA 20 2T 2 ) S5 R B ARSI
5.5 M4 2 1 R IR IE
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JEU_E A2 MR R A D BRI FE ) O BOREEAT o I PG 6 S 6 2 14
PRAMZ R ) 3 [ 5K 25 W i I BV B R (CFDAD H i s m) R B 5 A 4R
TR AR S A R REVP 2 . A TR EERAE RS (SOP) ) E BC i)
(LDT) o A el #R A BEAT PEREVP O o S50 P SEE AR A b A PR A 2 AR 0 i B A5 8k
TR FEIR T 45 R TSR = MO I A BERE UG 2 ) SME OHERRRE . RS 3R
AN SR VG S XA, S0 =08 NAZON BRI R e L VERERLNE, B 4EE ]
Ve HERAE . A TR (RIS TIRYBD « waRkE E EA AR R, I
MRS L BE VO € RGHIRHEN SR AR Y, ORISR REAFIE AL . BEHEAN T A2 P A O T
ENHJIC o [t 75 A 96 AR RERA AT AL

AR 3 A A4 S AT I AT e Al o e VA I PV BE SR IE SR b T2 B4
HEMEAGEEE . WA (RARRERNEE /D oAt il RE, 125K E
IRSEE S bRiEAL hor (CLSD HJEPI2—A23CAF#EAT . & Bkl s P44 A Ve R IR IR R 4
PREERERERL . REE AL 2tk Wk HEL AR, ZHXE . REUE. FFRk

fariy
~J o

HER L VPN A PR 532, — R 52 SRR HED AT B, AP AR PP A O I0T H X
CEIbHERIARER ST CanE PEAS I I 2R BAVE S IR #EAT 704, R Ilas R 5 2
PRUEE AT LR 5 AP iR R R AR PP T H SARHETE (S TRE) At
URFERRBEAT 704, IRJE R AN [R5 A5 B S5 R BEAT X LU M o H 3 B2 g R A I 26 1
N, BRAGHMSLIN B LR — B, XA RBENL R Z B —Fh &, W HIARiE
FERTR, ARHEZE I B BOBRAT o S E A I XA 5 P A 4 — A PR R B PERE A LE 22 1R
Fll b, RS REAS B ) R A FRPE B PSS R . 25 QU B AN 25 WA TS ) B A AR A
DR ZRBEAT HERRE A PS5k e SRAIE R BT A5 P P02 2% W) J Oy 2% A SR AR R R B 2 78 J
BRAZ A Pk -

Lok o AT LR A SRR BE R RE i, DR — B IR B BRI AT R RE S, R
PEARRE DR 7R W SO IEL 53825 1 e (R UL TR BE 2 TR & B A AE 2Rk o T4 5 v 2
REME IR T AT SE A e R AT e iR AU 65 2R, SEIR = Tl “ 2 jiik” AT IR RIGAIE, HERE
JSEFHISAN AN [RTAR 2 7K T R b REAT B 0LE

LoD /2 45 AJ Al 1A A Y I BARAG DNV FEE - SOBR e /IS 94K 2 Bl M e BR o 2 57
ANYGUELoDIY, 75 RN AL Bl PR o At PR — B 3K iR s 5E i,
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5256 % LD TR B 32 777 T LoD

I B A SRR s AR IR B i . RSB E YA E S 75 0 SR I 2
5 485 SR v T B W g SR, AT I AR A B oA A e i A B DAy =t 12k
I L ()38 B e K 50 (12 R e A A2 I R RS . B AT C A 38 IR RIA T 4R R 254
B I I mRNARIE KT B (WIERCCIFRRMI) 1E 418 S 25k, 4R H ar
X A5 DA mRN A F 1K KT I FHE I AR BRI . 20 T2 W S =l i 2 1) 520 T
VERSME 2L (receiver operating characteristic, ROC) i€ {2 WriRI1E, 533 &3 MUK E
k. ROCHIZoEA FMEEIT, Mg FIiARml o,  JCIE PR 56 (0 v ff 12 f B et
ot 2 o 42 B R 7 A 77 o ) 0 B 8 S ST I B R AT PR R

LD TG0 (1 REVPAS CL G A it R S 80E . ik RS 7k, PPN HEAR. THHf
FE. BEEMSREEE . LR RTEE L S RS SRR 2% (X (8] Bcut-off
{1 R IR PERE Al 45 S . BAR AT S5 X Pt 2 (MAILE A MLD TR H AR TE)
6. 25V AR U EE AN 245 W04 PR 48 i 2 R A B 4347 5 R B ARALE

JE U AR MR R 2 D BT B R R R ) I EESRIEAT o A0 J5 o R ORIE AR AR
MRS ERMRE W5 RS & RIS REAR R R AT R AL B
6. 1R . R R ARG RIK

D RAHREPIASTRER

R 5 NIRRT, SRR AT ARl G S S L N 2 M AR RS L, DA R I R
BRAERRIEMfR L. R RER AR — & MBS A RER, MERMASHNE: BT
DU ERSEIR E PR TUH AR b 5 a0k, SR Pk (8D BIEAR. BEE
B4 M R PR, FRACREE SR A SR EEAE LA . BRIS T
s o ELA N R] . AR ARG AR L RS RN R R A A R L RS 4 I A
KR, 2R . A28, RINKRR. LERZSE R, IR, HZA
AN AR SR HIAMGE, R AL R B Rl 2 5B LIS T 5) 132
.5 Wl 12 R 8 2 B A (R T AR AT R s A B SR P s v A 1 2 [ i 42 - R
7o 58 BRI RIYE: B 2 2% X (8]« A 7 v (R G B0 e Y s o MRS ) B 5 i PRI 2
EREYHAST., MUEARENEE (K. . &), FERME LS.

2) WG RERE

AR 25 ) FE R AL A= b S D48 AR P 24 - B HR RS A — R AR A A
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Mgt (s SR B 2GR &, DIINZ YT 3 b 29 RN R A R iR A A
(IR A% A5 S B 5 FH 24 ORS8N FH 6 S ik BRI RS R TS R B T g 7 28 7™ 254
RSN 258 . 25050 B R T SR AE A R AR IS BE A L B PR AT FE R 45 2R s Xt H Ak = B AL
Xof R Ik I 7RI A% AR S5, T A s 258 R R0 245 ) 244X 0 2 il 4 T T AR il 8 K /DAl B
W57 225 S R 32 2 A J A B R 5 3R 5 DR 3 TRV AR ELAE P S, mTAR
A Py L B R I PR3 S H PR N TSRS TR 7 A PR R ) TR 2550 B B
e 257005 . H DL 250 A AT 24 11 P 4 e ke DR 384 2 S A0 435 R0t s PR 245 (14
RSP EWE 2.
R 2. B 250 P Ak DRI I f L 24545

R B R%ike
ALDH2*2 Z2 A PEAR 5T ALDH2*2 5547 B PR (1), 0o 508 A R ] e el FH H
SR, R H R S IR
CYP2C9*3 22 25 1A ¥ CYP2C9 1 VKORCI BRI BN AE MR &1

AR 2557505 Wb CYP2C9*3 B/ MA
FENREAT W F 2457505 s & I sy CYP2C9*3 2541
R TR 1) I s B Ve VD 3L F 24 7 =

CYP2C19%*2 F1*3 22 254G I B M PM Ak R R (A ST B 7R B, Bt A A AN
25 CYP2C19 AU PRI I/ 254 T 5 446 B V2 55 ; PM
B R TR A B DK 5 AR 11 A 2 791 o PRI 2 R = 1
5096 2 I I 2R s PMLBE R B iR 3 B AR ST
FRMEINT 25 2 BRI SR, WO b 7 &

CYP2D6*10 Z A5 $EHE CYP2D6*10 25 35 IR 1) 555 b 558 S5 (07 2K
e, B A B R I R 7 I 5 T 245 7 e £
25%

CYP3A45%3 Z 25 VERGI /D> CYP3A45%3/*3 B PR Y i 35 fth v 52 w) 19 FH 24 741

B, DB RAEANRRN. 1k CYP345*3 SRR
AN a5t 5o 5 m] AR A6 7 &

CYP4F2*3 2 5P BEAR CYP4F2*3 4G TR R B F MR R E TR
Kpiktsy (BHESE. RNESR) NHAHE.
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Administrator
高亮

Administrator
高亮


DPYD*2A S4B RIS I

187 NAT1/NAT2 F K B

SLCOIBI 521T>C £ 24

TPMT % 2 TER

UGTIAI 27346

ACE 1D &1k

ADRBI1 ZAVER

APOE Z 7S VERI

ANKK 11800497 22 25 P46

#5ir DPYD*2A4 S50 BRI ) &35 A 5-FU L R 5tk
VEAB NG, SRR 2L, DOB R N
NATI F1 NAT2 18 AU B L R Y B8 58 I B 26 7 e L
JG o I ER TR, SR AEMER, NolETE.
HEHT 521C S50 5 R 1) S5 28 1 S AR At Y TR0 8 S AR At
7T, PARRARRAEWUR AR, HARAIAR$E FDA 4
FER (R 2.

BRARAR BRI 1 S R 2L /5 MIP I 2557 i, 24 & Tl
SRR IR 30~70% , 57 AN SRAR S5 Ay 5
PRI AN A FH 245 70 o LA 245700 2 1/10, B01 A 3
R TR R 25, S HARZ ), DLEE G-
A PR (13 I R G EEE SORE s 45T TPMT i PR AR o ik
RIS MP YRYT P RE TR 4 TPMT RAZ 5
A3 BRT 1) ) L B R e U R T T AN R DB 4, 5|
EHEEE

UGTIA1*28 (6/7) A (7/7) FEDHFIAA R FH 7 7 B
JRREIN 238 FH 77 B BRI AG T 77 58, DUk 5] ke P i
5 #5007 UGTIAI*6 S50 R R 835 4 Zh R4
Pok/ D P R A ARG o, TR

DD 5 R 84 (14 7= 1 £ 3 8 1A00E AR 3 5 AT B8
1697 DD BRI B 1L A I 200 = AR AET k3
775 A (1 £ S A P AR T 3K R AT v s 1T B R
T FB I FH R0 U A ) B8 G R 7 I R R M
B Ihfg.

Gly389 & [A A ey ifil [ 8 2 R AN FH SR F R IR B Ik
BOE 24 1 0 2455 =

LR AY Sy E2/E2 (1 ML A 28 5 e e A A v T
BT, AR E BRI

57 rs1800497 A S5 7 = R 1y £ 7 FH 5 —ARPURE #f
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BB E AL (dMMR) fi
o

G6PD FE[R 22 25 A6

HLA-B 57 55 S5 A5 FE DRI N

IFNL3 Z #&PER

M EARENE (MSD A&l

PML-RARo R4 F DR AN

TOP2A R 55 (GRR 1E el At

PRI D Al

VKORCI1 -1639 G>A £ 25 P46

ERCCI mRNA Fis46

RRMI mRNA FikH: M

TR 2GS AR AN BEAS RSB R ZE B 3, N
I AMMR FH A 5-FU BIST 7 %

H5 s A S A BE R ) GOPD = s Ak B lnd L G
AR E A FRVAL 28

5ty HLA-B*1502 S5 A0 HE R 35 T H R B 78~ AR %
o9&, 1% HLA-B*5801 “&Ar B K # TH H v i, LA
a5l SIS/TEN; #5747 HLA-B*5701 A7 3 K2 1E
B K3, Ao sl 2t i

Rs12979860T S5 3 R4 # 5K £ —FE Tl R a-2a.
RO TR a-2b AR B FARIGIT HCV BT
M.

MSI-H B @AM 5-FU HiGIT .
PML-RARaR A FE R BA P ) APL 535 7] H As203 i
ITIRTT o

TOP2A4 BEIR w5 1) FL e 538 S BOR & R 2K 2
VIRIIGRTT 77 % -

HE7-1639A S5 7 Jk [A] 1) 4N I k2> HE 2 b 1) FH 245751
&, FR TR AR B T H A U e SRR
24577
W ERCCI mRNA IRFIA B FE /N g 55228 126
DU N F 9T 7 6

I RRM1 mRNA K55 i 38 1% Y 3 P At iie o &
RIIT 7 %

3~

el

o

3) MRS RAIRERE S KK

AL A AR i o B B DL RROE I X 2% 1 SR 2 A Tl AT
B PRI TN 25 SR AR T 75 A TR RS, AR GRS BN s R . AR S IR
Bl o B SEE A A R AR BEAT W A% 0 b, B S A AR A Rtk A 2
AER, S RE AR FRE N 2R EERITA LM TN R ATl sels = 5T
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e AR BRI N G AT PR S 9 EAERAUN A% R Rk i A R A 5.

AL B A ARG I o AT DA o S S i e P S = A5 BV P AR G AR N
LA AR T B H A R B o RSN 4 R RS RE P AN DA, BE IF A Al
2 AR T I 1R, 5 5 A ]2 i R SRR AL, BG4 A A TR 8] o L) 5 A
MR 28 25 R ARG T At 8 BRI B, i b N e N R (5 S A 3 Kt s Al e 42 e
AUEAF IR AR RN AR S, BEREN T BN Pra R & AR i 10 5 M 2
IR ORAE, SRR = A5 B ARG 20 B VI3 ORAFEAN R A7, DU H R %A
— RO 6 A T ARG I 25 MR 2D RAF AR S N AN SN == 8] 5 B PP RS A
JiAEAE B D RAFE IR s AR IS NAE 10 % BEOR B B AR & B o Al 45 R A )
WHE AR B E A ARG T . AT H A H AT &

R S R EUR R IR & BRI Gt o p R, S IR IR
4) RN E RS

MEAEE 227 T WS s N R A A R B BT I X AT AE R MR R A
B ke | e S TR U R S A R S8 TN A B el B B K7 P 28701 7 iR s D E R E
T AE M PR I AR 5% Ao 15 DU REAT AR AR, 5 R 55
6.2 AL I fE R A R AR A7 A AL 2

FEASSE e I Jm EEREAT — g I a) ORVATRERID IR, D ZIN B A, baAr
DRAF A AT ORI AR 10T e A0 (B R SR 26 Ao 56 AR = R0 % (1) DNA FEA 270
fE-80°C{RAF 2 F. DNA fE-70°CHIAET TRl fRAFEA 7 5. ZUEANE ) DNA A b il
TRAFAE-20 CEUEARAIR L, LA TR DNA K588V . EAFEI 2R8> NBSAL S fi
WIRTSE 26 1F T, DNA K R 5Bkt Rl B 4% F b2 7T, (B R A2 K01 R 2 B
JRFF HREAS A AW SE B f AL
7.2 B RS AN 2 W0 P A 2 R R A B B ORAEE

25 AU AT 240 ' P AR e 5 RIS 00 £ i B4 )5 DRAIE 2 A A A I = A ) okt 2 R
ERRZ DA, AR 25 2 2 W VE AR RR AE A Y 18 AT 52 TR Il PARAS: 362 7
MUTHRIANAE RS, X8 PR RERA A/ IE DL B der 96 4 i R #0703 S AT R o B A A AR
7.1 AN R

FEREASE I FH Wi PR A 2 BT A2 VR EAT o M i A AT PR A A o SIE36r = LA SE 17
RO BB AR IR L i A A6 VA A SR P e /B TE ) THRIFIRR 7 o A
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W AIRR Y MO EAE: Age H s HREEER, BRI PR AUAIRAR; FUREE AR LU
W T7E, BB T AR A E I W BRI s S5 MR IR
AUART 3 BT PERERRVE Gl R e ) SR BR P s 300 i A P 24 T e
7.2 FTEAEHER SOP R'5

A FTERAETE AR AR R (SOP) AN = 2 A I Si 56 = Joit & P R 3. SOP
PEFACER AR UL I 5 . — AR SO RN S50 5 5000 TAE A I0 AL B, B AL FE BRI HE 4%
PRACRAE . ARAEE S AR . BERRFEEL . WE ik, SERAMTARE . 8 E.
Iy 25 27 A A I A B8 (1 2% N AT . SOP 4 5 SvE BB R S . VESE4R . T o]
T BSOS AR N R RS AR SOP i P BRESR #4744, 24K B SOP
A bR B, SR EAREA/NAR TAENRTHE . SRIRIGIE S K EHETL.
7.3 REMEEARE
7.3.1 {2

FITAT 24547 A Tl A 24 7 1 P S 58 PRI U 40 5 B e 36— W B P R AR AT D 4% 40
Bro BRESFEARHE BRI TR H 1752, a2 AT ) SNPASE I F B 44 o 42 A v DL
ToAH R RAL R AL AR SRR /KA, BAME ST FE A RT LU AR R I 3o 7R
5E FE DK TR AR LN AR A AR A 1 1) 5 e 8 RAS FORL A bk . HE FH IR0 E%
YRGB RIS B SRR IR BRI . BHPERSS . SHPHME T, HOX SR A 51
ROAEAR [F I BEAT R, RS — R R AR RS AN — 0 PR AS o 24 R I s ) 22 A4S A2
ST S, AT RS2G5S A ST A 2~ 3N A B I Ak m B Pk, (EAS [ ]
T T T 80 B A A O e ot R

JRAEREA R 2 5 IR 45 R TS BB UIAROC . BRI = A RIS REAR S A A AR
Frmls SR —8 BISARIREAR BAME MR REtEer, fEE S Aok F T~ REfR
FES U R e M s R 25 SR Nz B e 1Y), BRI 30 ) e AP . B e 4
Y, AIEEERGERTE; SRR ERS, DUETRKIIES R .
7.3.2 ERREZHIM T E

JS2F G v 2 i B ER ARG v 2% 5 5 W i FE IR R 45 R R IE R AR, = A A
%0 2 ARG TE ARG G5 5 S s i AR Gk 22 PR h PR . — R
Rk e iodl NGB 37N F it DI S E 4 Ra e I/l s ¢ il BT bach ¢ el L I B SE ey G & walll N
LR A A E . DLACSERRE “V55” BT BRI PR SRRl — R H Gt 5
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%o GUTT A BT T NASKE B R v 125 55 9 A 7 T X o IR B 00 T 7 R R PR
REAF L, LR R AE W A I I RARAS I, BREAPESIFEAN, IE R RS — MR
56 FEE PO B P S A2 R AR AT ARSI, 70 A 0 D 2 R AR P 0 5 5 SR 75 0 1 BT FH 25 1
O R, I R BRI RO S b AR 285 SRR R . e vl 2 o0 R4 ] P I B2 1) AE B £
FAAE A T LI B A R R L . AT AR LI E R, — X201 AR
FEASELEAT A T200K, FFR20K. B FEROMIE vl R BEHELRVE . 5250 ks
MEE R 5 HADTAT BT AR 45 SR LA . 5 FARAS I 7 V2 R AR I 485 SR Pl e 25 2
Tiie By MR T 2 R TS R AR Hh SRAR SR A B R R EL A, RT R et 2 A
TIVEEAT A5 M

Guit S AR EEAAE R ORSS BV AR e E M G v SR VAR B
MG IRAE 75 o BHHE T 42 0 58 B 2 1 G R e 1 S s =5 A8 k) s
SRR R E VE, 2 Sein = Sent ik A R Bl E M E BT B, H R B G 4%
T EFERLNE . Levey-Jennings/ii 45 #7772 . Westgard 2 U 5% 7775 BARA
(CUSUM) kK “BpZNEL” ik, BBRMERS TR ik a R H S
& 45 R B PE 2 IR Levey-Jennings it 45 Al B2 01 S0P F,  H i Levey-Jennings i 4%
P2 H AT R A 30 o R BT 2 K —FhJ5 i, &6 TREBRAZIRES . g R
A B R R B2 IES S A 5.

Levey-Jennings i 2 FIVA I BARME & . FEARLL IR CEIRIZED BEINARFER 2,
BT PR SRR AR — 80 ISR B, SRS A7 h 38 B B I MR R (R DU B 2 0
B, FFRMRE KA T4 55— il i 5 A8 70 /87 A 7 B M AR oE 58 23], PCRYT™
B B AT SRR S A S AU AL E I BE LY. Bra IS, BHS RIS S8
Fr TR, 1038 & PH I T 2 PCRY 1Y PR M 45 5 o FH Levey-Jennings i % i3k 47
GEVT AT, AR AR U AR £ SRR R AR . SRR R

Los:  IANJBRARII i (B tH X+2S# hil 2k, TilE .

Las:  IANJGUHEIIE (B Y X+3S T8I 4, A%

2os: [F]—FHLIR2AN HE B2 1) o 428 0 AL BRAN Rt 4 R 24 o 42 0 5 A ] B HH X +2S B
X-2S¥Efil Lk, Rz,

Rus: [F]—HEI5E H, 24NN R B o 428 400 (0 D00 5 A1 2 [0 11 22 {4 S Pl 28, A%

Ays: AN TS ) o A5 DU E A [R]INRE H X+ 1S X- 1S9 4R, 2RA%.
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Tr: TSR EE R BL b sla SRS, KiE.

10x: 10 B EME FIN A THME (X0 B, K%,

U A0 BT Jor 42 J U W g i e (L P A N 5 SR eI B 45 AL, i L
A BRI 22— A i I S A R A RIS IZIE R A% . IS RIS ROvBE, tBFE
MR —HREMBL, HHPAARN A R, B 5 Sk f K B R, R
b i, BRI A5 RAE 5 T AT T AR IR AR R I o AR I BRI R DL R IR R4
03, VAR A RIS bl A LR, R N @R A e, Bl B
PR — JR R 2 B R 4%

7.4 = A R EEH] KT

S8 NAT T AR SRS R A AN B SR I s BEAT A . A H R IR R 2 Wik 551
REFR, AR B PE S PR A S R e AR I B, BRI PR g s I D BRI
SEZVEIRRAZIR A, RIS 6 e -

FL A J 42 ot SR 428 DL P DR TR B AR ASE AR ) R 51 ) s PR A 8 1) R ik ) ) A
RIS R AUUIRIR . IR N AR IR S SR R s R XA 15
PRARE I E s 5 AT B8 S PCRY SEHIHI P bR A AT R PR 258

BAPE 5% dh 2 SRS AR “T9 %7, 15 GORIERT REZ TGP0 (B0 IRIEE
AP XGRS IR A4 H Y, $eony B el fis 4, BB 7] el
BEATSEER SR WX WERIRAAR A BAYE . FRFHTE, 25 B8 ONY S ) SR i G
BUARA R A X5 g%, AR 5~ 84 /AKAE 2 AT R, BTG 4k, PRI IR RS =
T5%, WINCEAT SRae S3m s I8, BAVEZE SR MRS N P R R AR AR
7.5 ZEREH

e PRSI0 i 56 28 1 2 o &8 [A] SV EA (EQAD, XA EQA FEARBERFIRAL, TH4H.
Witk 25 EQA AR, MR RS R T ARSI = G /1. B AL &,
Lo FREGETTIE, R, eI SRR R, DRt = A AR .
EQA P BABRLENS P AAHRI V7o 45X PP 70 il 2 7 S 36 = 0% R T AT S DA A A
25 R 5 U A RA AT AR A BB R iR A 1 23 B, K0 T KT 80% ] T 41
DA IN 5 R R A o WA AN 25 W) ' A 22 DR AGLIN (Y) BQA 3 75 X Al 4 75
WIS REREEE . SO iR IR 45 RS on e o Ve 2EAT VriT

NPRIEZ R E, FEEEUN LA D SIRVESES EH 5 45 R EHE
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{6t 20 ZIBITsEs 4 5 5 A SE AR R I 77 120R M E A s keA; 3) =
()50 PP T BTG SN 5 4) 5 TR] 5T PR AR IR ORI ANIR B2 5 I R R e AR B — 5 5)
A VPR AR IIAE R TBOGRAT FHRE s 6) AEAEA T S )& e fa .
8.5l

et A 56 T 5 r 75 38 ST [ 0 1 7 ATLA) AR T AR A 46 52 56 ‘4 1) AL A SRR 7E

1) EITHIA SG IR S50 A G BE AR (RIT WA BRI . CERIT HLAGIIG R S

S EFNE) CBESTHURIIG AR 3 198 B M) CBEST WU R A S 10 H %) (&
7 P RO BT RE GRATO) . RIS TR T (B e pr A bR GRAT) ).

2) PRASALBEEAH ISR (i ank Jon B B ) . ik S = i B A BT ) . i
WARAE AR ) (R SR AS H R B bRl ) IR AR & T8 5 e i g 3 AR )
A IR RE AR B A AR A E AR D -

3) BEIT IR AR ISR CBRTT R PR LD
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P A EEERZLZR. ZRIER

1.2 2R

FE R 44 P8 N2 IE K s 4 2 514> (human gene nomenclature committee, HGNC)
1979 SEMUAT I N R IE R fr 4245 75 S A FRAIST 5 2% HOGNC $odfs, 5 5 ) A 4% .
FEAT— AN FE DR i 44 8 BAT E— L, BRI RF 548 5 T8 ANn AR B R A4 AR B4, %
i R SR T RS MR a2y, BRSSP ASH AT, NS ARRERAMN
“G”, AMFRE AT MR “H” 3 “h”, HEAKMN RNA FEH a4 a5 R0%
NEBERE “has”s NBEFA KSR T 7R fHERR.
2EEHPEBRNALE

o Y i BE R A% EF R (A B — M LAG %7 51 (coding DNA sequence, CDS) #1%
LIRS T ATG I AN 1, HESORIGH &S B —08-1, BIRLILEF 32—y
ZN*L, A2, KRIREHE. W TSR BINIALS, RS BT RE—
PAZ R E . NSNS FHRAERR, W77+ G X THNEFRmMAE,
R4 BFH— ML EFROME . W5 AS T B ERR, W c78-2A.
3EFRZHRIR

HNRAR, HHREMRM “>” AR R, W 76A>C FR 76 S A 42
HC, c*46T>A FRZIEHEST FiE 3 mdEflIE X 46 M2 HERH T LN A. ZH R
Ko — MNEEMMEHRBURIFF I HR H<del”#oR, #7550 EHERIZ IR
ME, MEMIGK A TR, W g210 211delTT. RHIH dup £, HFTmEHN
HHE N ERSG — MEERIFES]. SNP 3% 5 175 H dbSNP 3 7 15
% 5, CYP450 [A] T Wy 55 4 K K i 44 5 N 28 CYP450 45 {7 2 X ip 4 & A &
(http://www.cypalleles.ki.se/) {R¥FF—3F, W CYP2C19*2. CYP2C19*3 5.
4BRRER

RIS B AR kK 241 DNA JP5IA mRNA 751, #ZR{EE 2% NCBI
GenBank %R ¢ 5 $0¥5 )% 5 % 5 %] (Reference Sequence, RefSeq). FE[KZH DNA J£4
GenBank VE /M5 A A NT. NC 8¢ AC I FRIZebnids, b BLNT FriERI P51 BAC
o B B M P AR AR N e B R AL A . 10 SR e B B
NT_030059, [F— 55 A AN FER A S, J&HH A 5%~ 41 NT_030059.14.
B mRNA #5751 AN -5 5T NM IR RIZE(NM ¥R . @1 CYP2C19 ] mRNA

93



FAEM S 9 NM_000769. 1/ RNA (microRNA, miRNA) KR FFEE 8 5%
miRBase /7 % 504 %2, miRNA A&7 51 A7 H <“MI"FRriE, miRNA 1A 7 51 17
“MIMAT” FriE,

94



% B. ZaRSiE
ACE: angiotensin converting enzyme [l & 55K 2= # il
ACEI: angiotensin converting enzyme inhibitor Il '8 7K 28 % B 1 1] 571
ADRBI: B-adrenergic receptor 1 B1 ¥ _LR&K 21k
ALDH2: aldehyde dehydrogenase 2 Z&FifA Z. 5 it S 2
ANKK1: ankyrin repeat and kinase domain containing 1 4485 [ 5 &2 A5 1
APOE: Apolipoprotein E #HJiZ 1 E
ARMS-PCR: amplification refractory mutation system PCR 34 [H i 58 4% 24t PCR
AZP: azathioprine fifii LIRS
CDS: coding DNA reference sequence 4wl DNA 275 75
CFDA: China food and drug administration [ & %] BEEHLR
CPIC: Clinical Pharmacogenetics Implementation Consortium  Iiff 5% % 24 3 2% 512 i Bk B
CSCO: HEHuym b im PR Ie = i E Ll ZE i o
CYP450: Cytochrome P450  Zii il {2 3 P450
CYP2C19: Cytochrome P450 2C19 442 P450 [A] LEE 2C19
CYP2C9: Cytochrome P450 2C9 4ffi ta 3 P450 [ L 2C9
CYP2D6: Cytochrome P450 2D6 ZHfii i & P450 [ L 2D6
CYP3AS5: Cytochrome P450 3A5 4 a3 P450 7] L 3AS
dMMR: deficient mismatch repair £5ECIEE & HHL
DNA: deoxyribonucleic acid Mt S A% A% 12
dNTP: deoxy-ribonucleoside triphosphate fit 58 4% H =W IR
DPYD: dihydropyrimidine dehydrogenase 5 M I Jiit S B
DRD2: dopamine receptor D2 % EL %5244k D2
EDTA: ethylenediaminetetraacetic acid £ &4 R
EM: extensive metabolizer HRACHT#H
EQA: external quality assessment % [f]Jii &= P4
ERCC1: excision repair cross-complimentation group 1  VIFRMEE A X H A 1
5-FU: fluorouracil %R MENE
FDA: food and drug administration 3% [ & & 24 5 I B # 5
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FFPE: Formalin fixed and paraffin embedded [ [&] 52 5 7 it (0, 34
FISH: fluorescent in situ hybridization %¢ YR 2438

FK506: tacrolimus At 7 5L ]

G6PD: glucose-6-phosphate dehydrogenase i %] §%-6-fiff FiR /i & i
Genomic biomarker  F& K ZH A= ¥bRic 4

GWAS: genome-wide association study  4=3% [K 2H R BCHF 72

HCV: hepatitis virus C N2 % i 5

HGNC: human gene nomenclature committee AEIER Ay 42 &
HIPAA: health insurance portability and accountability act fi FE{RISFEFA S THATIE SR
HLA: Human leukocyte antigens A 40 i 4 )&

HRM: high resolution melt 75 73 3 ¥4 fige i 2%

IM: intermediate metabolizer 1 [HJAX &

ISH: In situ hybridization JR L4442

LDT: laboratory developed test =56 % H L it 7

MGMT: O6-methylguanine DNA methyltransfersse O6- 1 3 & I 4 DN A - FH 3L 56 74 iy
MMR: mismatch repair F5FCIEE

6-MP: mercaptopurine — 6-37i 2% P4

MS: microsatellite 1 T2

MSI: microsatellite instability 1 T2 ANFE M

MSS: microsatellite stability i T2 £55E

NAT1: N-acetyltransferase 1 N-ZFIEEFERE 1

NAT2: N-acetyltransferase 2 N- LI F2 1 2

NCCN: National Comprehensive Cancer Network 3 [ [5] 3725 A6 AiE X 4%

NSCLC: non-small cell lung cancer 3N i filiJeg

OATP1B: organic anion transporting polypeptide member 1B1 A #1FH & F44i2 Z ik 1B1
PCR: polymerase chain reaction 5 & Higd 20 W

PD: pharmacodynamics Zj#¥)4 N 3)) /]2

PGRN: Pharmagenomics Research Network 2443 [K 2H 22 Aiff 5% ) 2%

PGt: pharmacogenetics 15t f& 2 E 2%
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PGx: pharmacogenomics Zj4) 3% K 2H 2%

PK: pharmacokinetics Zj#){R{3) /)%

PM: poor metabolizer 24X

PML: promyelocytic leukemia -4/ 41 fg P4 4 195

RCT: random control trial  FHLX} HE 146

RARa: Retinoic receptor o 4 F R 52 K a

RefSNP allele: Z:7% SNP 47 HE [

RR: ribonuclease reductase 1% M 1% R IE 5

RRM-1: ribonuclease reductase modulator 1 FZ A% F BRI Ji il 18 =7 2 1

SLCOI1BI1: solute carrier organic anion transporter family, member 1B1  HHLH & 7122
ik 1B1

SNP: single nucleotide polymorphism FAZH R % &1

SOP: standard operation procedure  FruE#EAE L

SJIS/TEN: Stevens-Johnson syndrome/toxic epidermal necrolysis  Stevens-Johnson £5 & 1iE/
BRI B SERA AE

TE: Tris-EDTA =¥% AL HE Hke- 4 Y 2R 5% i

6-TG: thioguanine 6-fii & P4

7

6-TGN: 6-thioguanine nucleotide 6-fifij & M2 M4 2% F iR

TIMP: thioinosine monophosphate 57 2 /Ui FE 14 BB IR

TOP2A: topoisomerase Il alpha, #hi$MFHJEE 1T o

TPMT: thiopurine S-methyltransferase it "5 W& FF FL E6 2 il

UGT1A1: UDP-glucuronosyltransferase 1 family, polypeptide A1 JK T —filf & 7] % B & iR
AN 1A1

UM: ultrarapid metabolizer RS &

VKORCI: vitamin K epoxide reductase complex, subunit 1 ~ 4E/E 2 K SR E WL JHEEER
BRI 1
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Bfsx C. 259K BN 25 4 P BE L BRAR U 05 B 51) 2

1. ZiYR R 5 ia R B I 2 A R
1.1 ALDH2*2 23R

LRk O AR 2 (ALDH2) IR HA QRN AR AMERERG %, 25 O, MR
T AE 25 W) AR . ALDH2 AU 3 Ak A B2 H il s 0 AR ) — A . ALDH2*2
(Glu504Lys, rs671) Z&SFEFTHmILE AR 504 MR RPANERRITIAR, HEHRA AL
F (ALDH2*2) WIAMAK ALDH2 B bt N R, a7 MARE OO B AR TAMAR) 10%,
RAFME TAMRBRGMESC. K, 87 ALDH2*2 S A5 N i/ MATEREAC I RE 0 R R,
YOI ZL . CBIESEAIE AGAEER BB TR, SRR LR I
ROSIRTS o YN NFEH ALDH2*2 ZEA7 HE K (4555 %0 30~50% o #5717 ALDH2*2 S (i 5L A
O R S5 NPT B SO oA o 2, A R R H I & IR TE 2K
1.2 CYP2C9*3 AT

CYP2CY 24Ntz P450 i (CYP) 25 WA E TR, 5 P ok ik P450
HEALER 20% . CYP2C9 Z 5Hikt M2, brimhkey. iz, dE SRS vEmbT &
2y, Puim i 2 LRI PR 2556 2 Fh 250 R AR, Jorpeilbk . WS T IRAIR Z [
BT Ta B 2 254 . CYP2C9 Wl AR A W] T BUX LL 25k A ik B2 R BB AR AL
BESETEHAMARKMNIKRAE. CYPC2C9*2 (rs1799853, C430T, Argl44Cys) Fl
CYP2C9*3 (rs1057910, A1075C, Tle359Leu) ¥ CYP2CO B MEREMK, CYP2C9*3
a7 A R B AN O AL B AR B A S B R AN R (5 A CYP2C9*] B
Argl144/11e359 FFEAL D 1) 4~6% . HE AHEH CYPC2C9*2 WIHE A 0%, CYPC2C9*3
AR 3% . CYP2CY i8t4% 2 a5 S BRI TR, INTfT 5 B2 AUl ge A A4
ERIER,

MR IR B I PUREZGY, R IRFIK AR . O P 2F B, O I 0 5 B 4 A it
PR IEETNI I — R 2, FOIRIRST RO R RSAFAEAR KIAME 22 57, I 2494 B 3o vy B
BRI S O™ E . B SR R- M eI, Fo S-HRE AR
PUBEETEL N R-AEIERI 5 £5 . 85% DL L[ S-HEMTERNZ CYP2CY AR N T iEE
ARE 7=, CYP2C9*3 4l ¥ Fde & JE R B AMA S-HEVE MRV 1 IRV BR 238 79 30l 1 1%
90% M1 66% , PRIILHEIEARI 45 2477 & 75 AHRLFEAIC4. SE[E FDA CtbE B i k™ i
YLBHA, R AR AT AT CYP2C9 SERRIISY, I 5E CYP2C9*3 “5Av 3L K m]
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TH8 T E B R IR FH 250 &, IR 2GR tE, 45 G E B bR AL L
(International normalized ratio, INR) fillfE, fhiitHHEIEMRIPI4EREIRE, WRAZA LA,
FEREAT R E MBI AR R L, IR T VEAN R PR A -2 T R FE MR BURAN
PIRAEH, HARKMY ROME RS, BFiE. RS RGEIFR RS, asliEeE
MHe AR SRS, FERE AR R 2t CYP2C9 AR, Uk CYP2CY
AR 11 JEE DR AR 1) 6 P IR ZE R B A I FH 2700, DT BRI 240 RS ) R A IR

VDI R — Rl R R 259, fER A £ CYP2C9 RlHE N A B R IE
AR E-3174. #5737 CYP2C9*3 SEALE DR (1) MA IR & VD 3H )5 E-3174 B A2 B
A, VIR R K. DRI EIEIPISE Th~6h J5, CYP2C9*1/*3 FEF I
WD R AR N B, R IE A SGn A 2470 DS 5 e T K
1.3 CYP2C19%2 1 CYP2C19*3 L3RI

CYP2C19 Z 55 MM & . S-3eI5 %, BSEhime, ROLFRME, 2258, L7 EEY
PIr AR . CYP2C19 1845 A S v] 3 BIOBEVE 1R 1 /4R 22 S, A N LR 0L R AR o

(ultrarapid metabolizer, UM). AR # (extensive metabolizer, EM). [ AX i #

(intermediate metabolizer, IM) A2 {34 (poor metabolizer, PM)4 F& . CYP2C19*2

(154244285, c.681G>A) Fll CYP2C19*3 (1s4986893, c.636G>A) s H [E NFfHHA7-1E 1)
2 PR E CYP2C19 BEHEA 1 E BN . CYP2C19*2 SEBY G, CYP2C19*3 A
LI TRA . EM AME H 3 CYP2C19*1 2541 K, IM MEHE CYP2C19*2 B,
CYP2CI9*3 78 & T R W A . PM 4K G §F CYP2C19*2/*2 . CYP2CI19*2/*3 A
CYP2C19*3/*3 JEN AL, -7 N 75~85% [ PM HH CYP2C19*2 FitEL, £ 20~25%
PM H CYP2C19*3 %L,

SULLAR B & — PP MR 2, T2 T 2k e SRtk e, P2k
JiKE 98 R0 Bl kAR, B2 A A ZE 5| AL ) RS o /O I SC 2R R Ji5 1 £ 5 75 K1l P s
B UABT Ik S 20 N A, GRS R R B CYP2C19 AT Ak 5 K T I /N AR N
CYP2C19 PM E3 N F i 7] B8 (1) S A B J 4 ALVl PR AT A A 7= i, K L /NS P 410
HIERH TR, £ FDA FISEE OB =, KT CYP2C19 18U Ik K B o 75 %
FERMRVRIT =D, BARE WA CYP2C19*1/%] R AR N FH S 35 2%, Al & M
S CYP2C197*2 B*3 BL PR BRI A 0T G AR B 7 RURAIC, USO8 pl 5 o A 7 B R
W CYP2CI19*2 Bi*3 RAZRIAN & 1/ MA N FH U A% B BOR 2, U F 5 A% Bl
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BRiEEH.

BIK B MO =R Hu AR 2, -2 T AR B B Eh PR AR AE FRIR T o BIOK B AR AE
RN FEL CYP2C19 B AIE RS =) 2% B B k. CYP2C19 & PRI K T i 52 0
ML H BT K AR 2 FB AR IR B LG, 5 T T K 5 bR (R 7 ORI A RO R 7= A
CYP2C19 PM /M IS BT 2K B bk 15 25 F B bRk B2 1) LU A Y2 3 T, 5-32 (0 Ji A B L 411
HIVEH B BT =R A A 2R R S ANBTIRGAE A . ki 4 R4t
ARG MU A RN, 5657 RMCE DI . WSS CYP2C19 RARTEALEH
SR AR PR IR RS U6 FH 24 70) 8 B T BRI 4R 1R T I R I . CPIC Famd L CYP2C19
EM A1 IM DA Y 5838 5 F 8 S 46 R 2 R BK B 4K, T CYP2C 19 PMLBE PR RAN A B 2K
Brbk B an 770 B B PR AR AR 0 50%6,  HFREATIRTT A7 i,

FRA7FEME S — Bl i = SRT B R 2, CYP2C19 &K EEARUEEZ —. CYP2CI9
EM 5 PM AN () AR 37 58 M 1) IR P A7 AE S 35 22 5, PMLAMRTE B L JI77) i 2 1 et
AREH LR AR N, B0/ 2578, EM AL IM METT 45 FH 70E . 2% =
BITH, A EM AMAHILRE AR S B PM JT RO, RN % ST #e 24 . FDA fIEE 2
Pyid 9 5 i R AR ST R MR AR CYP2CT19 FE A, DAR PR FH 24 2 42001,

1.4 CYP2D6*10 35 EH M

CYP2D6 X FRFMEAN 4°- 54k, CYP 5 W RGP EER R . A#EH CYP2D6
s e 2 IR AME (EMD. SR avD. 59EE (PMD ARt (UMD
VU AL S . EFP ABEH CYP2D6 PM R ZEIE 5~10%, TMAEAR T A#EH PM
IRAEZRL 1%,

HAEITC &AL T CYP2D6 £ 70 Z2 Rt Al A8 5t o AN [F) RAZ A0 i 4 A0 25 AR
BRI A — o B E AT CYP2D6 DL -3 SUSHE L PR A S5 B R 0 35 CYP2D6*3

(A2637 deletion). CYP2D6*4 (G1934A). CYP2D6*5 (CYP2D6 deletion) Fi1 CYP2D6*10

(C188T), AR AN 1% 1% 6% 53% ., Hrh, CYP2D6*5 A3 ok
24, FEPM RAL CYP2D6*10 F%BEER 34 A R 2 AT S AT E, S8 1M
®A.

FE CYP2D6 B MEBR 1) 2 A M T 52 2285 LUbk . WA DR L B2 AR BRI 71 SE 4
WORFIRYE S . SR, KR Mg, 287, AkeE. DSk, BT
RS . =FHIBKER . B Phml Bt il 5 22 MVt 28 S5 S I AR A, DT MR X 28 24547 1)
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ITROFIAS RSUSEIR RAE S I R 7 AR A (10 R AR A7) 1 R

i 5 S50 5 MR S0 G 2 G BV S AR, AT A L s A R ) B B, )
FH T B3 32 A B e 7L s R0V 9T o At 5 35 3 B i R AR ) 4- 32 A 5 SR A
W R S5 R HE AR Y T e = A s 20 398 1 5 o i 25 251 100 5 BA_E. CYP2D6
I B T S B S B ZF T AR T, & E FDA R O 36 524 B 1 1 L Jlvee J6 o
FEPE M B ISR T AU BEAT CYP2D6 SRR, DA AR 250 17 24050,

CYP2D6 FJ 44 = FR AT HAR 24 B K B Ak AR 9 o i e i AR ™4, Rtk IM #1 PM
AN I AR B AR (IR B T s [RIINE, CYP2D6 Bl K 5 pis A i 25 F B AR
FEAUHEG. CPIC 57 E 1 EM HE PR AL/ A 075 BT oK bk, IML B R A4
SR A 5 PR A R 4 7)o PR 2 R A 759, PMD 366 R R AN ke L HL At AR 42 CYP2D6 1R
U254, BOKS TR B bR (162 46 791 A 22 B AR TR 1 50%, DB A R R BEFR K
A,

En PRI BOA — Bl FER R SR Ul 2 ARRS LR, T RIaARE . 97 By 5]
ALK, SR AR B 73 J 3 vh 7 RO FLAE . CYP2D6 2 i w35t i 2 ZE 25 WA
B2 —, CYP2D6 UM Mt TR N4 3 N4 DK CYP2D6 £:A, 2Rk, &
P =) B 1 TR S CoX i (VR FH 9855 . CPIC F8 A48 HI3E 7 3 > CYP2D6 47 3 R ) UM

FE RV RANAR 5 P 5 B )97 R8T P,
1.5 CYP3A5*3 2273146

CYP3A5 Z5fise 5 /], WRIAMED . SR, AT IFA | 8 SEHLF45 2 Fh 25 W AR
CYP3AS SR E 3 W& T 22893 f7477E 6986A>G [IFRAE (1776746, CYP345*3), %
SNP A 33 CYP3ASmRNA ¥ 84%, 5l L%k H8iY) CYP3AS dH, MM
R EIEEYE, BlE CYP345*3 A&7/ MEFFIEAIZE CYP3AS B A RIAAE R
g CYP3AS*] SEA L RIIARAFAE R EMIRZESR, AMAREP A 10%--15%, HEA
Ry 28%, T RAR AN miik 60%--80%

fib 75 w] (tacrolimus, FK506) Jy KA EESE G e sl fl, ImpK L Z T B
O ity RS B AR B I S B MR YT, H AR B N AL AR R G R
MERNE. BN AR RRAG DL Rk 3G A VR A R 55 . 38 B R A SR B Ath v
S ] Ji I 29 P A T 5 R HE R SRR 2 P R B AL s o 249K i o W 45 5 R 2B
B ERE. P EEtE. PEIR . SRR . IR B A IE R AL RN . 5 8t B
w BFEIE IR E . CYP3AS fEfth b 7] AU i EEAR A, S M BRI T 3 80t v
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L) M 2R T, ARSI, CPIC FRFE @I CYP345*3/*3 BN M L 1E
BF DA SR AR, D R A R R S,

HARIN S, AlARE RO 22 K 2 2 g W s Bt o S m) 25 7 B A 2
BEAT o0 S E] R R . KRN R R R @ CYP3A45%3/*3 R B 835 fih b 52
R E AN 0.15mg/kg/day; CYP3A5*1/+3 3k K B & oo 55 &) U 46 77 B A
0.20mg/kg/day; CYP3A5*1/*] J:A A 5 Ath 7 25 w] (24677 2 0.25mg/kg/day

W E NFEIR Y CYP3AS*3 BRI 25 TG : CYP3A5*3/*3 KRB 86 2 Ah 7o 54 ]
[IFR A7 N 0.075mg/kg/day; CYP3AS5*1/%3 1 CYP3AS5*1/*1 3[R RY H 3 FL R 704 £ Al
LB E] LA BN 0.15mg/kg/day;

BT o [N ) At e 3w FH 2455 A 1
b 7 B 5] B s ) E= 5.409 — 2.584*CYP3AS5GG® — 1.732*CYP3ASGA® +0.279* ABCBIC
1236T%+0.205* ABCB1G2677T4-0.163*donor types- 0.149*CCBf - 0.140 * infectiong -0.197*

Hypertension”
a. CYP3A5GG: AA=0, GG=I;

b. CYP3ASAG: AA=0, AG=I;

ABCBI1C1236T: 0 for CC, 1for CT or TT;
d. ABCBI1G2677T: 1 for GG or GT, 2 for TT

e. FEMERA: TEEFEHE=1, HAth=0;

f  CCB:A LA ME RN 1, ANEHRO.

f. &G JERG=1, RHI=0;

g mIME: ®iE=1, RKHH=0.
1.6 CYP4F2+*3 35113

CYP4F2 N4EA 3 K ARG, IS8RV E o-FR 50T EY . CYP4F2*3 (152108622
C>T, V433M) A FEUEEEERRAR, BFAE Bl 7 B R B MARIE ME fc s, CYP4F2*3
G THIR, CYPIF2*3 4G TiGtERAK. CYP4F2*3 46 T MREEIEE T M T 84 4
B KIREETHE, BIERMBURESCR ISR . MR IR, CYP4F2*3 2385V 54 E
BAEAHR, TR 1~10% BHRIEMFIEAMAZE R W, 5T CYP4F2*3 SRR MA
JO7 FH AR RIS HE I P RV B2 35 38 0 . CPIC F S LB IR CYP4F2*3 4li&r 1 R AN
DM EE DT RRIEY (BHET R, RNESZR) NHAHED.
1.7 DPYD*24 3R
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FREENE (5-FU). -REFBIEAE IR g K0, S5 SEpi e 254
IRy 5-FU MIRTAR, 7E/R A AT AARI A 5-FU, F T4 fRH A2 I & 2 e
RS TR B LB (VR 9T B INAEON 5-FU IIATZEWD, ZER A & BT RIS AL 3548 4 5-FU
MR FEGUMIREAE - 85% 1 5-FU & A Mg i 8§ (DPYD) R ’Ki%. DYPD Fgif%
VAR N (04 e A0 B e R RH 5-FUL -RE B nsls LA N 5-FU B/, 51k
FEEREIE S . RLAN AR AE . A RGUEIRELEIET:. DPYD A0 T 1 SHOREE, #%
LI 14 4ME T 1986 7 A>G Z81ME (DPYD*24) J&t5e WK 51 AR BG4 N B8t L 28
S SRR RN 3% . 41 40% (% DPYD S M ANMAE N DPYD*24 S 3K,
HoAf 60% & N 5-FU JA77 5 B 4 0™ 5 R 40 s /b s 142 DPYD Bt IE
WEF T, 5-FU FT8U™ ERR| B R AR 10%89, KL, X DPYD*24 £k
BEAT R AT S0 5-FU Y697 S B8 e st ORDR AR XU . FDA S ftbiEFE 5-FU Ui B 5
HE INE R 2510 DPYD 235 VEEAT R U ). CPIC FR R R WAERN FH 5-FU. R
A AN B N E AT X DPYD 2 A5 P47 R0, 455 DPYD*24 “5Ar B2 5 i) &35 1 A 5-FU.
REEA B AR, BRI ZRE, Dok ™ =R B R N B 1 A,

1.8 NATI 1 NAT2 75143

N- B e R g — b L AHZGARUNBE, A 2 Fh 2510 S BEAG A . NRA I
it N- LT IEFE RSB IER, 430 E NATI F1 NAT2, Wi B 87% MIEJE M. NAT1
RIETRZHAL T, KA EAETRES, TESS T iR mE .
A KRR R PR G2V AS: NAT2 CRE T HIENIE, 25
FME. EE R, RS 20 2RISR E I SIAARET . AR N- IR
BERVETE R 28010, RAE SR A A F TR =28 187 O AR . R
T2 B AAR S 2 A0 Hp ) B 2B AR AR o . I N R 18 L 2 AR AR i R AR RO
10~30% .

NAT! R EG & E 2 A, BT &K N-CBEEEMERG LT RS ORAM T
28 B NATI FFERHY, Hh NATI*4 & NAT1 (85 AR RS 3L . NATI*20. *21. *23.
¥4, *25. *27 5 NATI*4 ThEeZRAL, TM*14A. *14B. *15. *17 f1*22 S8 4Bk E
B, *10 A1 SEEEVES = . tbAh, EAFTE YRS O RS M 0 B R R R A
WK NATI*10 1 NATI*11 285 T 28513 R R A 2 B ACIT I R A, T e
ST FE N WA BN A BT C B AR BRI AL . DRI, % NATT B RIEAT 73 BUAN R
JRIFRT-FRAS SNP, i B[R] A% 22 4~ SNP HEAT R AN 73 28 o S MR SZ NATT 22 25 1R 0 i

103



K, REFARH I DR IG,  MLH 20 45~110 4080, THiE 2 B0 AR 7Y
ANME DR 259 )5 i 3 2 AT Kok 4.5 /NiF. 18RI ALAMA R RAA 25 5 5l iR &M
B, SHEREEML L. FDA O NATI JE R 5N 2543 R 4 A bric i,

NAT2 BERWEA S 25, B R & N- OB R R R ay 4 28 2 R A
T 87 Bl NAT2 BRI A, Horp NAT2*4 J2 B AR TS0 B TR, R B S5 6 R i)
PSR U AL S 7 JE K45 NAT2*5B. *5B. *5C. *5SD. *5E. *S5F. *5G. *SH. *5I. *GA.
*6B. *6C. *6D- *6E. *7B. *12D. *14A. *17 FfI*19. NAT2 &N 2 25118 FAR A
REE N R 5 SR SEAN 7 LA R AR A 2 1 Bl B 5 07 U2 NAT2 ZhRg. IR -
HEFERG M) NAT2 SNP 45 rs1801280+ rs1799930. rs1799931 F1 rs1801279. Hfl FDA &
¥ NAT2 55 5 JE A A FH 25 (0 2L R 20 bR e, HEFECE (6 FH S JOE R i 0 NAT2 BE R A
BEATAINM . B AIC NAT2 AR AL (I M AR Y 46 A B D BB A5 1Y) AN S
THIEIC 29 7502 AT B AR R B A0 B AP 98 s AR (IR AL (35— AMSAR I AL 4547
AT — AN PR B S5 6 R AR R (R BN B R A L IR FR 3 T o A
H A AT 1R T
1.9 SLCOIB1 £75EH M

AP E 722 ik 1B1 (OATPIB1, X#% OATP-C. OATP2 5 LST1) 515
IRAE 20 M BRSPS EBORN 5 B N SR A AR I ) B IE IR L AR 455 3L
Lz, WORIRER . VT 3825%. Itk ol os . MO AIRL. B 5 Al SivbiH, BSEvbii
FA S G NA F A 3 8 RS AR P24 SN-38 25 R HL E/EH . OATP1B1 B SLCOIBI &
R4y, iZFER 5 5 4ME T 521T>C (Vall74Ala) 2 251 W B rb () 2 B AL A5 52,
SEALEEPIAR N 10~15%, 122 A1 E3E K OATPIBI Xf HRYIHI TR ARE ), fiAhiT
RGP ARARTT o BT AT A D 5 AR A T 55 (9 L 25 ¥R B T+ =5 . SLCOI1B1 521T>C %
SHESFERIL=FEREE: S21TT (BPARAE T, S21TC (RABRARETF) Ml 521CC
(RABRLEE T,

YT R P AN R S AR D Re T ARSI A ARIE S, 4571 521C S5k
DA (10 288 N FH S Bt T P SE At T B I £ A XU S5t 35 J o 10, Sy Bk AT 25 24
Py AN RN AR AR, UG R E AR SLCO1B1T F2 DR B4 3k Bty T K AWtk A7 18
JT o

=R 1. SLCOIBI 521T>C KA 5 i K 2577 & 18 &
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SLCO1BI1 SLCOI1BI SLCOI1BI

1EH 7 & F
2% ¢.521TT ¢.521TC ¢.521CC
(mg/K)

(mg/R) (mg/R) (mg/R)

FEARABIT 80 40 20 5-80

VEAARIT 4 2 1 1-4
R HEARADRYT 80 40 20 10-80
1.10 TPMT 3P

SIS 2N 6-57 FEVERS (mercaptopurine, 6-MP). 6-i S PEM (thioguanine,
6-TG) HMIPEIENS (azathioprine, AZP) “§jg —KHA S MsilfEH KPR . 6-TG
A1 6-MP & H TR AT, AZP W =2 T B & S e Vs 48 B 5 . AZP
VENRTARZIITE FFIE 223 I H IR B B 408 6-MP . 6-MP 28 I HE I W4 - 1 I 04 3 i A%
WE LR WA G 9 3m 2E TR B M RA B R 21 (thioinosine monophosphate, TIMP), J&#& H4&

— Z A SRR AU 93 PEAR U =) 6-m 2 E IS A% H R (6-thioguanine nucleotide,
6-TGN) Ji& K FETTHRAE FH - 6-MP th a2 TPMT QN TETEPER 6- 1 57 3L 04 (6-methyl
MP, 6-MMP). TPMT K& PE 5 2040 i S it 2 2 6-MP i PEAC I P24 6-TNG /K F-
2 AHAAAK, TPMT 5V AR AT (SRR R i M R a1 G E I SEHmHD 3.

TPMT Bt V0 A A7 e 2 B YEBLR, TPMT 1845725 e ot S SOl 37 A ARG ) 5 it
BRlo IE# G VER) TPMT i TPMT*] S50 B K 9 Y, TPMT*2 (rs1800462, 238G>C,
Ala80Pro). TPMT*3A4 (rs1800460 460G>A, Alal54Thr; rs1142345, 719A>G, Tyr240Cys)-
TPMT*3B (rs1800460 460G>A, Alal54Thr). TPMT*3C (rs1142345, 719A>G, Tyr240Cys)
72 FE TPMT 3 PE T PR 22 SNP SR AL . TPMT JER AL T 2308 3 Fh: BFAE R4l G
T (TPMT*1/*D). G TMRABAEG . FAEMNAES T MEERA IR T TPMT 35,
RA T TPMT FEHERK, TIRBAS T TPMT BRGHERIKE R = . tok, 2 R
AR S Fe R 4651 (TPMT*2 /TPMT*34 Rl TPMT* 34 /TPMT*3C) AMAAL B = g i 1121,
TEEF AT REAE G R BT, BB A & BRI B AR 2 90% , RAZJ G T HE R 1Y
MISTRL) 10%, RABME TFIRREMPIRL 0.3% . FEANBEH TPMT*3 J4 413 K
BRL) 2.2%, AREE] TPMT*2 AR A .

FDA CHETE 6-%7 S 4 | 6~ 2 M WA R ol 4 F10 245 i 5 B 15 w389 n 7 P 24 i i
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1T TPMT 2R 2 A PERT U ) ). CPIC i TPMT AR A 5L R B B8 5 fE 45252 6-MP
HRITI IR 2GR &, 2 DR B AR A6 77 B R R 1Y) 30~70%, RARAEG T
AR R LI/ 2R 25700 R 1710, B%1 A 3 IR TR IR 254, s A
23, DA R AR TR E S RSB TPMT S MEAR &= (10 B 35 B 2 U 21 6-MP
IR I AT BRIk AN BRI R .

Uz 2 R iayT, BEt R EEARR RN —. JLEEH IR
PSR R A2 2 ak 61%, ZHUEOL T Ry 77 F %, AT S B0 AT i i /)
ek o W 77 a2 H AT T RIWTIRET R A 1B W7 % 2R K b i . TPMT ] id i 2 i3 it
- AW, 98035 DNA [AEIE, ATl s o 51 i 40 6T . TPMT
AR BRI 1 S5 7 DR ) 8 I B S8CE R v 0 U, Gt ity TPMT*3B B3 C (¥ L2 3% FH It
BT BEREME AR RGN 17 £, TPMT 5878 8543 5 BRI T NGB0 S0YT 734 2K 14D 3 44 Tl
{1k 96% . 2011 5 FDA #E#EMUEAME S B 15, B9 1 TPMT 3 R385 5 A pr 80 L &
a2 %4 B0, @UGENT TPMT FA8 S DR ) L3 #e A A7 280 24 1 41
KT IR .

1.11 UGTIAI 23R

TAL B B B ISR H IR 25 AT 24, AR A 3R R e e A s PR AR =4 7-
LHE-10-F2 R E B (SN-38). SN-38 1 [H4LY DNA $hFh g 1, #H] DNA KI5 B
PR 2 S TS e Wil . S0 DN EU S SRR VR TT . R AL BT S B
R E RS AR A R ER =, 3-4 GR R MEIEVS R A 260k 40 % DA b, WE M B 4t
WRE R R AR 10%, SEULITIRATZL L,

SN-38 1 JHHIE th 28 KT WA o1 60 B P PR A A2 B (UGT1AL) 1 &) Bl S R AL 2K
A R R FERS BR 1L SN-38 (SN-38G). UGTIAI FER B A 28, &HE LM THE
BFIX TATA BN TA EREIRBEZE UGTIAI*28, BFAEMENFER S 6 IR TA EE

(TAG6, UGTIAI*1), S TIANRE 7 IREH (TAT, UGT1A1*28,1s3064744) . UGT1A1*28
et FAE I A SN-38 1 47 M W AL G 1R T I, SR A A SN-38 ) 4 Bl i 4L
TEPECON I AR A5 111 35% « ERZ AL E iR T i ierh, BAEM UGTIAL (6/6)
FEIR A g 0™ B MR RS B, UGTIA1*28 2541 (6/7) MIRAE R A 47 (7/7)
B BRI IALR 50N 12.5% M1 50% . UGTIAI*6 (GTIR, 211G>A) =K T7
NBEPF R AT I Y, BRN 13%, %S UGTIAL (& T % 70%,
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GAL B R EF AR IR AE ARS8 N, 5 67 S IS8 vh ik e At sk D O, T 4
2 rp VR A0 B DR (1 R AE R T 3 £ 03], FDA CtHEXT 254t W Bk Ar 1B, I
FE A8 R R0 5 34T UGTIAL JERRUAGI, AR L 26 22 4090,

2. Zi{E FIRE S R 2 A PR

2.1 ACE 1/D 7AW

I 5K £ Wl (angiotensin converting enzyme, ACE) &5 £-M & %K KRS
(ot , e ACE ##17%) (ACE inhibitor, ACED) FI/EFRI4E S . ACE NALT 17 5
Petrifk 17923, HWNE T 16 £77E 288 bp Y Alu 4fi A (Insertion) /HtK (Deletion) £ 75
PSR =FEEER. I GEAAIES 7). ID GEABEZET) DD (B4 1),
ER L B AP D SEA R 707310 56.2% . 60.3% 1 39.0%

ACE VD Z Mm% ACE f/KF, DD JERFHAMAM K ACE g Tt &,
IR RGIT 5 ACE FEVE N B0 B 52 ZEWIIA 1) IR 58, DD AL 48 32 1 1Y)
B T A5k TR LR A 20 O E AR K RET TR B R B BT 0 o b, DD JE R A AR
P AR A2 R R 8 M) J o D RE S A2 FE AL T 1D A0 IT R A SR s I DR 2 6 o
JEVAS v R SR AR R U DR R B B RO ST, O EUSERAR T A, ERUUIIK AR
ACEI BZ9WIHTIRIT I ACE UD Z8VERHTRI, DA £ & 1&  ACEI 8454,
2.2 ADRBI 70

B LR Z 524k (B-adrenergic receptor) N'E FARERZARIM—MNUFE, &TF G&E
FRECZ AR KR, BB B MIBs ZFIAREAL . %2185 Gs & ARBLAY
AN cAMP R L Y Ca? 38 3HE (T T, I B2 A4 030 771 0 B 32 A BEL T 771 B A7 FH R 55
B1 S A 9 i 2 K] ADRBI 20 25 1t A 5% Wi B 52 4 BHL BT 771) 4 38 #5398 /K 1997 %(1%) . ADRBI
Gly389Arg(rs1801253) 2 & ME S HUAT 1 Arg389 Al Gly389 W FhR AL ) 3244, b Arg389
RS G HEARBAREE T Gly389 B2 A, Arg389 4li4 1 & ML M B SE 4TI /K
Ja I T B AR 2 Gly389Arg A& T 2E R R /MAR) 3 %5 Arg389 4lif TR A .03
ST N R A R RN SEF TR RV TT 5 70 2 30 I 7 B0 1 D B A o I PR = T 7E S
Bi SZARBH A 2R34T ADRBI 225 VEAGIN, JFARE HAE D B R B HI 24570 &, DASR s 2%,
Pl AS RSORE IR R A
2.3 APOE 3 HEA M

BEHEE E (Apolipoprotein E, APOE) & — 47 £E L BERURL AT r [ 85 iR 22 11
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B IRE A, FE AR BRGNS, S5 RNEE . AR . A2k APOE
FERALT 19 T4k 19q13.2. % B KB P9 A T g 1% SNP rs429358 (¢.388T>C,
Cys130Arg ) Al rs7412 (c.526C>T, Argl76Cys) ) 3 Ff 8 % 5, 43 5 & E2
(rs429358T-rs7412T) E3 (rs429358T-rs7412C). E4 (1rs429358C-rs7412C). H=FjH

AR 6 RS R FE AL (E2/E2. E3/E3. E4/E4. E2/E3. E2/E4 ll E3/E4). E3/E3
FEd LRI B, N B IR 60%

VA RE 2590 AR AT T I I 55 e ME I 3-F2 0 3-F AR L B A IEJ5EF (HMG-CoA
I T >, T 1) I o TIP3 T 26 BE S e (LDL) 324 %
B RAGHESE N, INsRSZAR T8 LDL [ 7 fAC & ML+ LDL K% k. HHl FDA &
¥ APOE2 1| AR Ath 7T 2459 I SAH G IR AEbRic . HE YR APOE E2/E2 1) ML G AE
B AT 1) T R 4 ),
2.4 ANKK1 75 MER0 0

TR 1 MBI 1 Cankyrin repeat and kinase domain containing 1, ANKK1) A
L BRI R R I S . NS ANKKT BT 11 53k 119232, 526
Jf& 5% 44 D2 (dopamine receptor D2, DRD2) #[K DRD2 #H48. ANKKI 72T 8 L[] SNP
151800497 (c.2317G>A, Glu713Lys) XH% DRD2 TaqlA &M, #HiiZLBMA T %
P BRI TSR DRD2 1% B2 R B o # AR AN BE A2 PURE #9324 2 BEHE IR AP R R B2
—, 1577 DRD2 rs1800497 A 55 o Jik PR ¥ 555 76 B FH 28 —ACHURS P 2596 77 A TR) AL AN
REAN RS [ R AR 28 i 2 v T A GG R 3 . CPIC 4% ANKKI 51800497 £
AYEFN 1B RGPS A RRICY), o @A 1% 2 25 1 n FRARPURS 1 25 A8 R
1 A2 R
2.5 IFNL3 23R

NBURF %99 (hepatitis virus C, HCV) JERYSEH KR 4 TR R AR E
FRBEATIOTT, ABHIT AR KIAMEZ 7, 380 B VR IT o IR e 85 S v, 0
SEBFIRIT R, RASTAGFFER EER. A, WIMABN R SRS RN R EE T
RN AL T IFNL3 JEA 74 3 kb A& SNP 1512979860 C>T 5 TR B & A1l 2
FMIBIT R ERIRIT N AHDE, CC ZERA B R 4 A TR R A R B FHMIGTT 24
i G 70 % [ BB SRAF Fr S i 4 N, 0 CT A1 TT BB H R R i s AR R E
30% . Rs12979860C S5{v Jk (K A 73 A AFAE A IR 72 7, WP AREF KT 90%, AR
FEFH 20~50% o = NRAFET CC LAy 37% o 36 [ IR0 7 2 AR FH e
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24052011 45 HCV JERYBhiG T R C0R IFNL3 JE R 2 S A N SE L TN 3R 2 AL T3
RRMEMEZEFEKZ —. £E FDA CHHER L Tt Re-2a. RO FETIE
a-2b AR B =5 AR50 A 5 b B4 N8 FH 24 BT 6 ZFNL3 1512979860 35 PR 78 147 46 00 £ 7 43151
R IFNL3 rs12979860 & K U B HCV BRY IR IR T, e m L ia K F.
2.6 PML-RARafh A % 46 3

SME LRI A L (acute promyelocytic leukemia, APL) J&—Fh4k R i) 2
PEE M, 29 95~99% [ APL J ol B BL 17 S 4 tfk (17q21) 4R % ko (RARa) 5
15 Stk (15q22) F4pRigufats [ fpi B (PML) R, TERURE S M b4 5
PML-RARo.. RGN (1) 20 r Wi i S 5 0 58 B S| S G WD AN AH B 1 2 S BEAG G
&, THR4HM A IR PML 1 RARa {5 5@ B, fSOR4H o A0 H T B4R B,
NI S 50R BB H ) 7 A RL A R T PR 3 0, 2 T3 APL IR .

TR R 259 = S0 1 (As203) TEIRYT APL H on ARG II97 4K, As203
(3T APL 1E F 5 F P8 A5 A B4 PML-RAR G528 [, M7 ok FL X 440 i 43~ Ao
ToRIBHEME A 5%, X APL %34T PML-RARaR £ 3 R I T 45 Sk #3677 7
I 5% BE 98 S AW APL (9905 HL A B 2 (0T,
2.7 TOP2A E:H R ¥ AW

TOP24 #:[A (topoisomerase II alpha, TOPII o) Zwf% DNA #ifNFMIEE 1T o, iZEE@ET
IR R S5 sh &%, 25 DNA KIEH] Fexk, HARMBEEERE. JUE B E M
HIPAFAE TOP2A BRI . TOP2A ZEY HEANFE R BK . TOP24 e PR 7 H 7L e /6
FWEZ, TERAAINGRL . RIS LN 55 2 Fh e & H 47 2494, ToP24
B TR SRR 0 & RO R 2RI T 7 28 T UK
2.8 VKORCI1 &AM

YEA: KA AIE SR A DU 2 ) SR AR VR FIBE 5 AR RKIA A 5 B S 5 )
1 4 i 25 K VK ORC 1 18 AL A8 S I 5200 VKORC 1R IR, MNTAT M HE Tk AR (R U
P ZEEREETIX (<1639 G>A) HAZHIRRAE 19923231 ] f2 M VKORCI )ik,
RFEUEEMAARE M EZERMFEERZ —. 50 SAARER R EHMLEL,
-1639GAMGGHE R B /- K H MR 2 i n52 96 (95% CI: 41~64%) F1102%

(95% CI: 85~118% ). VKORCIZ 211X HEk MR 7 B R Wi 1) B = PR AR R 1T 57 -1639GA

ANGGHE R 2 %5F (3 ol N A3 A7) B PR S B o ST 9 N RO S0 43 3l T 10 %6 F150 % o i fk L,
VKORC1 2% 75 PETEA [F) PG AS [R] N B i) SR 2927 %6 4B MR R A ) B I AR 2 5
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VKORCI -1639A %5 A7 5 K 72 L N« 1k 0 28 ol A vl 1) 55 7 66 BRI A6 43 3]
91.17%. 38.79%110.81% CHRHET NBHEERISE R : EMA . AR AT BRI A
() S 07 L RT3 33 92% « 40% 7% ), FLATIER 43 A P ol i 22 St 5 My b FH 271 i 22
Sa B A R A et . VKORCZ 25k A B S mi A3 Ak A 25 I IR R 5 R 56 I FDA
T2007FHEAENS UV AR ) 77 b 6B 5, HEFF AE 4 F AR IEARET XN VKORC THEAT FE DRI ARG U
20104F FF B B B 15, B EE & VKORC IR CYP2C93k [R B 2% Fe AR R MR (T 46 F 2477 i
(£3) B, kK LAl RYE % & T VKORCIFICYP2CORE R A . 4ERy . B, fKE. A
TR\ T F I 2 B T 70U 7 P Mg ] 5 8] 3% 1) 70 6 o B A 2Uf s Sk R 4
gl

PR 2 4848 VKORCIAI CYP2C9W & Jk IR RY S WU S MR 46 FH 2577 & (mg)

VKORCI ~ -1639 CYP2C9 J:[K %

G>A HEPHHY *]*] *]*3 *3%3
GG 6-4 4-3 2.5-0.5

GA 5-3 3.5-2 2.5-0.5

AA 4-2 2.5-1.25 1.25-0.5

2= AU MBS £ SR /AR 2Tl s T /AR W
R R EFIED (mg/day) = [1.432+0.338 x (VKORCI -1639AG) + 0.579 x (VKORCI
-1639GG) — 0.263x (CYP2C9*1%3) — 0.852x (CYP2C9*3*3) - 0.004 Age + 0.264 x BSA +
0.057 x AVR + 0.065 x Sex + 0.085 x Smoking habit + 0.057 x Atrial fibrillation + 0.132x
Aspirin -0.0592 x Amiodarone] 2
VEf#: VKORCI -1639AG R B N-1639AG FE KRR EUE N 1, FN-1639AA 5-1639GG
FRIEUE Y 0; VKORCI -1639GG KR 4 4-1639GG FKI LN HUE N 1, N-1639AA
5-1639AG HEFBHUE N 05 CYP2C9*1*3 Fon BN CYP2C9*1*3 FER AL ZHUE N 1,
N CYP2C9*1*1 BG CYP2C9*3*3 BRI AR HUE Y 0 CYP2C9*3*3 R B H N
CYP2C9*3*3 FENALZHUE N 1, N CYP2C9*1*1 8L CYP2C9*1*3 JE[K AL & HUE A 0;
Age TR, D BSA FoRRI, BSA=0.0061x 5 5+0.0128x A #-0.1529;
AVR FoR M EH BT E ORI B 1; Sex FRon 24 B M8 B HEL 1, &R 0;
Smoking habit FE7~A W SE I BUEN 1, AR EUE Y 05 Atrial fibrillation o~ 84
GIA B BEA 1, AEHAEEBUEEBEN 05 Aspirin o~ 583 [[] ik H B =] T
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REFEUE N 1, AR EUEN 05 Amiodarone 275 2 [7] i AR FH iz BB e AR A 1,
AR B EUE N 06
3 FoAth B R £ 244 AL
3.1 dMMR &3

25 Bl R AR T R 5 3 A7, EIE SRR R AR S A7 . 80 %6 M 45 B A HUR TE,
AEA AN 20% S5 i (A SRR, R Iy SR e 11 S PR R A 118
e R AL EMRE (Lynch 861D . AL MEAE R LS B s B PG L Bok 45 B
W B IF . PR e B L EA R E (MSD #in] S B IR E, 2115% 1
S5 e B 2 T dMMR $5EE B B A BRI 3E MSI. dMMR A2 45 B i 1S 0
SETEE -, B pMMR E#FH EA LIPS . 5-FU B /0 e ke sl i i 9 & Rl Bhia
I7 % T HASE B e 5wy RS 11 3145 B e B AR HEiR Y7 77 52 5-FU HiBiayT e W& 32
= pMMR B FH PO AEE . 1 AMMR EFHAREM 5-FU 1697 3R 081, [Fik, dMMR
B AT FH SR TN 11 SR T00 B4 e R TUS O] FH R IB 45 B s S BE 5 AN 5-FU b
JYH 3K . NCCN 45 B e 21616 S 2010 fEREHEE AN MMR, FF10 IMMR EF AR
B TR E R B AT T %
3.2 G6PD £ HER I

B IR A2 e B 70 A . CRn 204 i) i DL AE e B A& 42, A2 5 NADPH
AKFHI4ERR, T NADPH [ & & v B A e H IR T a0 b i) & &, 538 rT ORGP 2040
i 5 52 A RO B IR o i T B -6- T IR I 2L ( glucose-6-phosphate dehydrogenase,
G6PD) SR AR AT K PR B . 8 2 B -6- BRI I A Mg Bk Z 5, U4 G6PD =
RE, A& — PP WL X P OB e P . B BT AR B R K e R, oV B
Iy FRAI RN, TERL R 29000 CBER I . R ELHT L R MR . BRI PG AR S A
TMEMR. RENG. CBERENG . RERGMLEE . PIATSLEE. ZORWK. BURJUTAR. T, ET.
PERERE G AT Re M LS R L 8, tHI B . RSO AE, i I S . O
v AR, T E A A

H Al CAES AR ABEH 452 T G6PD (11 140 ZRpoeA 2, v [ N\ h 20 %58
31 FhoRAFKEAL, 1388G>A. 1376G>T. 1024C>T. 1004C>T. 871G>A Fll 95A>G A& H [H
NBERCH WS KA, B RIA 86% . FDA CUtb#Ede S . S RINANRLAG S B 24
AR bRZE I8 i1 GOPD B = ABENT At S EUSMEA LM 2, H A L E E bR b AR A,
TERL &M SORNANRAT LB 2 /T, 0 GOPD A HEATRIIN, G6PD = 1) 3%
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SR EIRZ5Y), AR 2R I I A R
3.3 HLA-B A0 2R

ANFEHMAEPLR (Human leukocyte antigens, HLA) & AR FEEH A EMEE G114
(RFIK =1, 18 o2 Z2 40 rh 5 A7 ST 0 B R (0 AF EL R AN 3 e SRS, TR B R
R4E HLA 72 N =23%: [ 2857 N HLA-A. -B. -C R£FHiE, | ZRETRHLE A
Mg ; 1128478 HLA-D/DR. -DP. DQ R¥IPi)E, FEREXET B AufiilEse 2
M, TR RPUSE SR EREAR, Ko IRPUsE REE, 5T MR
gy SRR — AV TEARKRNS NKAHRITRERZEEAX, W
HLA-B*1502 %54 3 [K] 5 - 5 G ~F F1 2K % 95 T 5 Stevens-Johnson £ & fiE/ o 8 £ 3R J2 SR 58
FA fi# 5iE ( Stevens-Johnson syndrome/toxic epidermal necrolysis , SJS/TEN ) #H 3¢,
HLA-B*5801 5413 [R5 RV B BT 8 SIS/TEN #2%; HLA-B*5701 2547 3K S5 24
TS AT AR FE AR OG0 201, SE[H FDA CLHEESE R 55 75724 it 158 B 15 v 8 e %
5 W NBECE IR R S VU VR HEAT HLA-B*1502 S50 BRI 2 (OE I, HLA-B*1502
BEEE (R A ST 5 S T, DR G HH L7 B (1 R JER 23 S 75 g B3O FH o B2 = 3 i ik
1T HLA-B*5701 S FE RGN, DLIgE G 4= SIS/TENEL, CPIC [FJf th VK HLA-B*1502
VEN TR 5 7 7R 2 22 08 R DB e 1) LA 3L R bRic ), ¥ HLA-B*5801 1EHN
OO T VA R JER FEPE IR 1A RAGWIEE R A ARIEH), B HLA-B*5701 AE 9T py 2R =
FT S 25BN B 1A R A bric .
3.4 MGMT J3 3T B EAL R0

B BEME I N BB B R BT 254, AR N 2 JERG IR AR O e Ak oy BG A R 1 1
TGP0 MTIC [5-(3-F 28 = RU-1-) K mk-4- %), JFxeh 240 i AE 35 1 . MTIC (140
MR EEPEYE T-JL DNA Ge BB/, bedi b 2 BR A AE SR O Fll N7 7. B BEMEfiE 2
H AT A R TUR K — Z AT 254, 000 A TRF B M J5 AN [RIRE BE I 24, 323
7RI

OS- I S IE S DNA-H B EE (MGMT) & —FDNABE B, 177 T4 f
Az, MUDNAKEELE, KEMGMTHS E41%, o] o b s 02k [ A o°
R B G 145067 1 IS R AR AL b T CR 37 40 M 5 32 e A AR 45 4 . MGMTIE P T+ 1= 2
i IR R BRI 25 i B R R 2 — o MGMTHE RS 31X CpG & H 34k AT #)
HEREEL, SRR SBMGMTHRITER, MGMTIENE T, £)45% ~ 70%H)H 4
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J SR FR B AEAEMGMT R BT Ak o MGMTJE 51 F Ak 0 02 J5 88 56 385 o) 5 B e g Bk
BTBUT IR YT ROR G T BT
3.5 WIREARELRN

TR AR AREER |5 A ) DNA /NP A B B IR X . 78 N REE R 2,
ARE ETFAMEE, 2 DNA BHTESIE, BT R ESFHEER (PR R
SR 4 R ESE K, T 51 TR AEEE P (microsatellite instability, MSI). 8%
fHOLT, DNA SR EEE (MMR) AR LERAR . (HAEMBAMMLA, T MMR
WA, TEEEHEMMERE, SEMEARA HI MSL. MSI 2 H B MMR
HEABREARICY . RYE MSI AR MR, WTahmAfREE (MSI-HD AMEA TR
EME (MSI-L) . IEH S0 T FR A P 4 %E (microsatellite stability, MSS).

MSI 5 25 B J i i R A2 R & e 5-FU W T 3R e % VIAHOG, 29 15% 45 Bl th T
dMMR ‘T2 MSL #1505 11 AN T 45 e 28 85 AT (V) R AR BE LI PR A 58 K 30, MST-H
FE R MSS B MSI-L 553 175 B 47, {2 MSI-H H % AN RE M BRUR M8 e i B iA T 3k s
1M MSS H1 MSI-L &35 AT A geUR M e i Bva 7 ok 28 21 220, PR, MST IR 0l 1 4
AT 345 e 28 T0US LA 75 T AN SR s e e VR o7 Fh 3R 2l (R FE A
4. Z9YAE R EE R R RIE KPR
4.1 ERCCI mRNA FiEH

HIRZ) CRFEIET . RETRIBEDRIED T2 H T 2 R Se s iy o B2t N
AN A f5 JE I fr B4 DNA BE B IBRE IR BE, JERL “DNA-#1” S64, Ml DNA
S HRD e R PR A o AR 2 BT I B DNA 5495 R i A% 1 R B )4 52 g 1 4
BHTBE . V15 28 X H A 1 (excision repair cross-complimentation group 1, ERCC1)
RV VIREE “DNA-4” S EWHIRIER . ERCCI RiLKF-S5HRAMNIT S
HAHIE, ERCCI mRNA Fik /KPR B AE/IN e B8 e B 32 B 28 5 5 UM iR G & 4k
JT )7 B LA 3 AT 597 RO &, AR R B K . NCCN 3R/ fif il ez £ s
JRIGITHER (20100 Ff ERCCI mRNA RIEIKFAE RTINS 250097 ) A= Vibsic 4,
ERCCI mRNA & &Rk EFEm 2, RRIEAKT-H UK.

4.2 RRMI mRNA Rk

W P AR — PP AT M AR 254, T EL A DNA (G R, BUsid
IR TR IE IR S (ribonuclease reductase, RR) FRINETE, [A42501 DNA &K, %
S i) RV il by ] 7 A £ e AN N R e I N Y S N P R Y@ B (N
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. RR PN HE RRM1 1 RRM2 2%, 177 M5 RRMI (ribonuclease reductase
modulator 1, RRM-1) [ RRM1 ZERYmtd. IERIFF KL, RRMI mRNA FiE/KE¥-5H
A AR (97 2002 SR DG, R LRI 7K AT 48 I PR 2 7 L FH 35 P At Vs AT A7
751G /N0 B e £, ORI 4120 F RRMImRNA F3E KF 5 v r 8 2B 77 R 5%,
RRM 1 ARRIEZ IR A1 A7 IR 3 2K . NCCN HE/NH it i i ARG 7 8/ (2011)
s RRMI mRNA ik /KA A 5 PO ARV ST R0 i A= 065124, RRMT mRNA ik /K-
IR 8 38 3 DU Ath V5 9 T2 AT 5 ST BB
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fifsx D. Z54AC BRI 25 Y1E R R M A R A

HF AR AR AMEALRL A 254
YR BIsE 5 IEAER
ALDH? T R H i
CYP2C9 AR, FESREAN . IRINIE
CYP2C19 FUMARER . S-STF e, BLSEHuME. BORERMR. (RIZHE
Mey 22aE . K
CYP2D6 MBS BRI, B PFR] BN, SeFBIR/R . ST |
ZHEM B, 2R, K. SR, B
VUWREE. —=HIADKEE, 52
CYP3AS5 i 5o ]
CYP4F?2 LSPIIN
DPYD FIRMENE . REMbIE . B
NATI. NAT2 SEARME e R MR . FIAES . KSR
X HE A R
SLCOIBI SEARATT . FESIARABTT . DCARARTT . BUHEARARTT
TPMT 6-FFEIEIS . 6-Bi LIRS | BRMEENS | A
UGTIAI (ARYR=YE
AYERE R ER
ACE I FEEMF ARAF ., R R A
ADRBI P32 A BH W 77 a0 56 4574 /R
APOE B fhyT
ANKKI 5 AR 2
IFNL3 R BT FRa2a. BL BT Rae2b, FIEFHK
PML-RARo =AM A
TOP24 RIS 2459
VKORCI LSRN
ERCCI HRE) O, RERE D FIED
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AECYP2CI9EREZAMWMIAFIE (PCR-IRIERTIE)
ESSEMBEMAMUASR, BRI ERLMEH;
EAIERHEFRIDEIF. —SMERAY. TUPELYIR-MAERH,
=B
AZKVKORCIFCYP2COERFZSMMIATIZ (PCR-IKHREE)

BEREEIMNMEURS, BRI RHMmEA
WA STUERZAY). FFEERRGYMEREA,

) PR

RP-003 AZALDH2ERA ZSMHRMIAFZ (PCR-IRAEREE)

ALDH2*2/*2R TR B EFERHEE H IMT R ERILE42.4%, H2EFER ABM3ME;
FtiESHEBRE INAERATEELEG+HEE,
HEZSME R ARAMMERGERBEEE T, RIUETE XD,
= SRR R
AEMTHFRERAZESMWMIRFIE (PCR-KIEIHREHE)
BEZEANEEETEHE, JBEMFBHERXEAFE) LB ETRE;
WrIES S MEBERRHER, FNBHHAKZEAR X ;
EAHEBEFTNIHEY = i £ X B
= R TR
AZEApoEEEZA MW MIAFIE (PCR-KFLIREHE)
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