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GUIDELINE UPDATES
The Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2D6,
CYP2C19, CYP2B6, SLC6A4 and HTR2A4 Genotypes and Serotonin Reuptake Inhibitor

Antidepressants is published in full on the CPIC website (https://cpicpgx.org/guidelines/cpic-

guideline-for-ssri-and-snri-antidepressants/) (1). Relevant information will be periodically

reviewed, and guidelines will be updated online.

LITERATURE REVIEW
The PubMed® database was searched for associations between CYP2D6, CYP2C19, CYP2B6,
HTR2A4, or SLC6A44 genotypes and metabolism, drug-related adverse drug events or clinical

outcomes using the following keywords:

SSRIs - CYP2D6, CYP2C19, CYP2B6

January 2015 to June 20, 2022: for (cytochrome P450 2D6 or CYP2D6) OR (cytochrome P450
2C19 or CYP2C19) AND (SSRI OR selective serotonin reuptake inhibitors OR fluoxetine OR
paroxetine OR citalopram OR escitalopram OR sertraline OR fluvoxamine OR paroxetine)
1966 to June 20, 2022: (cytochrome P450 2B6 or CYP2B6) AND (SSRI OR selective serotonin
reuptake inhibitors OR fluoxetine OR paroxetine OR citalopram OR escitalopram OR sertraline
OR fluvoxamine OR paroxetine)

The PubMed search retrieved 324 articles of which 44 were added in addition to the references

of the prior published SSRI guideline.

SNRIs and SHT Modulators - CYP2D6, CYP2C19, CYP2B6

1966 to June 20, 2022: for (cytochrome P450 2D6 or CYP2D6) OR (cytochrome P450 2C19 or
CYP2C19) OR (cytochrome P450 2B6 or CYP2B6) AND (SNRI OR serotonin norepinephrine
reuptake inhibitors OR venlafaxine OR desvenlafaxine OR duloxetine OR vortioxetine OR
vilazodone OR levomilnacipran OR milnacipran)

The PubMed search retrieved 310 articles of which 59 were included in the evidence tables.

SSRI/SNRI/SHT Modulators - HTR2A
1966 to June 20, 2022: for (5-hydroxytryptamine receptor 2A OR HTR2A OR HTR2 OR 5-

HTR2A OR 5-HT2A) AND (SSRI OR selective serotonin reuptake inhibitors OR fluoxetine OR
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paroxetine OR citalopram OR escitalopram OR sertraline OR fluvoxamine OR paroxetine OR
SNRI OR serotonin norepinephrine reuptake inhibitors OR venlafaxine OR desvenlafaxine OR
duloxetine OR vortioxetine OR vilazodone OR levomilnacipran OR milnacipran) AND
(polymorphism OR variant OR allele OR genotype)

The PubMed search retrieved 163 articles of which 67 were included in the evidence tables.

SSRI/SNRI/SHT Modulators — SLC6A4

1966 to June 20, 2022 for (SLC6A4 OR serotonin transporter OR 5-HTT OR 5-HTTLPR OR
SHTT OR HTT OR OCDI1 OR SERT OR SERT1 OR hSERT OR solute carrier family 6
member 4) AND (SSRI OR selective serotonin reuptake inhibitors OR fluoxetine OR paroxetine
OR citalopram OR escitalopram OR sertraline OR fluvoxamine OR paroxetine OR SNRI OR
serotonin norepinephrine reuptake inhibitors OR venlafaxine OR desvenlafaxine OR duloxetine
OR vortioxetine OR vilazodone OR levomilnacipran OR milnacipran) AND (polymorphism OR
variant OR allele OR genotype)

The PubMed search retrieved 579 articles of which 148 were included in the evidence tables.

GENES: CYP2D6, CYP2C19, AND CYP2B6

Genetic Test Interpretation

CYP2D6, CYP2C19, and CYP2B6 genetic variants are typically reported as haplotypes, which
are defined by a specific combination of single nucleotide polymorphisms (SNPs) and/or other
sequence variants including insertions and deletions that are interrogated during genotyping
analysis. Haplotypes are described using star (*) allele nomenclature to allow for the
standardization of genetic polymorphism annotation (2). A complete list of CYP2D6, CYP2C19
and CYP2B6 star (*) alleles along with the genetic variants that define each star (*) allele is
available at https://www.pharmvar.org/gene/CYP2D6,

https://www.pharmvar.org/gene/CYP2C19, and https://www.pharmvar.org/gene/CYP2B6,

respectively (3-5), and the allele definition tables at https://cpicpgx.org/guidelines/cpic-

guideline-for-ssri-and-snri-antidepressants/. Knowing which SNPs or other genetic variants a

particular pharmacogenetic test interrogates is important as the inclusion or exclusion of certain

variants in the test could affect the reported star (*) allele result (i.e., genotype or diplotype call).
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Clinical laboratories typically report a diplotype (often also referred to as genotype), which is the
summary of inherited maternal and paternal star (*) alleles (e.g., CYP2C19*1/*2, where an
individual inherited a */ allele and a *2 allele). Commonly reported CYP2D6, CYP2C19, and
CYP2B6 star (*) alleles are categorized into functional groups (e.g., increased function, normal
function, decreased function, or no function) based on the predicted activity of the encoded
enzyme (CYP2D6, CYP2C19 and CYP2B6 Allele Functionality Tables

(https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/). The predicted

phenotype (Table 1, main manuscript) is influenced by the expected function of each reported

allele in the diplotype.

CYP2D6 Genetic Test Interpretation

Calculating CYP2DG6 Activity Score. Gaedigk et al. developed a scoring system to provide a
uniform approach for assigning a predicted CYP2D6 phenotype based on genotype (6). The
activity values assigned to each allele are added together to calculate the CYP2D6 activity score
for the reported diplotype. For example, to calculate the activity score of a CYP2D6*1/*17
diplotype, the activity values of */ (activity value = 1) and */7 (activity value = 0.5) are totaled
to provide the CYP2D6 activity score of 1.5. Note that a value of 0.5 indicates decreased activity
and not that the activity conveyed by the allele is half of that encoded by a normal function
allele. For this guideline, an updated method to translate CYP2D6 genotype into phenotype is
utilized (7). CYP2D6 activity scores translate genotype into phenotype as follows: activity score
of 0 = poor metabolizer (PM), activity scores of 0 < x < 1.25 = intermediate metabolizer (IM),
activity scores of 1.25 < x <2.25 = normal metabolizer (NM), and activity scores greater than
2.25 = ultrarapid metabolizer (UM). Therefore, a pharmacogenetic test result of CYP2D6*1/*17

results in a CYP2D6 activity score of 1.5 and a predicted phenotype of NM. The “indeterminate

phenotype is assigned when the individual carries one or two uncertain function alleles.

CYP2D6 Structural and Gene Copy Number Variants. Given that CYP2D6 is subject to copy
number variation (gene duplications, multiplications, or deletions), clinical laboratories may
report gene copy number if tested. Most patients will have a normal copy number of 2, with one
gene copy inherited maternally and one gene copy inherited paternally. When two CYP2D6 gene
copies are present, the diplotype may be reported as follows: CYP2D6*1/*1 or CYP2D6

(*1/*1)2N, where “2N” represents the patient’s total number of gene copies. A copy number of
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“1” indicates the presence of a CYP2D6 gene deletion (the patient possesses only one gene
copy), and a copy number of “0” indicates that both CYP2D6 gene copies are deleted. Of note,
CYP2D6 gene deletion alleles are designated as CYP2D6*5. A gene deletion that is present on
one chromosome may be reported as follows: CYP2D6*2/*5 or CYP2D6 (*2/*2)IN, where “IN”
represents gene copy number and the CYP2D6*5 allele is inferred. Typically, clinical
laboratories will report a homozygous gene deletion as CYP2D6*5/*5 or CYP2D6 (*5/*5)0N.

A copy number greater than two indicates the presence of a CYP2D6 gene duplication or
multiplication. When a CYP2D6 gene duplication is present, the diplotype may be reported as
CYP2D6 (*1/*2)3N, where “3N” represents gene copy number. A clinical laboratory may not
report an exact copy number or which allele has the duplication, but rather indicate that an
additional gene copy or copies are present, e.g., CYP2D6 (*1/*2)3N or CYP2D6 (*1/*2)xN. In
instances where a duplication or multiplication is present, and the exact copy number is not
reported, most patients will likely have a CYP2D6 gene copy number of 3. However, individuals
carrying as many as 13 CYP2D6 gene copies have been reported (8). Some clinical laboratories
may not determine which allele is duplicated; therefore, when calculating CYP2D6 activity score
the duplication must be considered for each allele reported in the diplotype (9). For example, a
genotype result of CYP2D6 (*1/*4)3N indicates a patient has three copies of the CYP2D6 gene,
with either two copies of the CYP2D6*] allele and one copy of the CYP2D6*4 allele
(CYP2D6*1x2/*4), or one copy of the CYP2D6*1 allele and two copies of the CYP2D6*4 allele
(CYP2D6*1/*4x2). If CYP2D6*I is duplicated, the CYP2D6 activity score of this diplotype will
be 2 (NM), whereas if CYP2D6*4 is duplicated, the activity score will be 1 (IM). Likewise, if the
number of gene copies is not determined and it remains unknown which allele carries the
duplication or multiplication, a CYP2D6 (*1/*10)xN genotype, for example, can be consistent
with a NM phenotype (CYP2D6*1/*10x2; activity score of 1.5 or CYP2D6*1x2/*10, activity
score of 2.25) or UM phenotype (or CYP2D6*1x2/*10x2; activity score of 2.5 or
CYP2D6*1x3/*10; activity score of 3.25). As these examples illustrate, phenotype prediction
will be more accurate if testing determines which allele is duplicated and the number of gene
copies present. Consequences of CYP2D6 copy number variation on pharmacotherapy has been

reviewed by Jarvis et al. 2019 (10).

Note that a duplication may not be detected by copy number assays when paired with the

CYP2D6*5 allele (gene deletion). A CYP2D6*2x2/*5 diplotype, for example, has a gene
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duplication on one allele and a gene deletion on the other for a total number of two gene copies.

This diplotype may also be reported as CYP2D6*2/%2.

Other structural variants include gene copies that consist of CYP2D6 and CYP2D7-derived
sequences (5, 11, 12). An overview of these variants can also be found in the “Structural

Variation” document at https://www.pharmvar.org/eene/CYP2D6. The no function CYP2D7-

2D6 hybrid genes, collectively assigned as CYP2D6*13 (13), may not be detected by a particular
genotype test or gene copy number testing. In such cases the test may detect only the allele
present on the second chromosome and report the diplotype as homozygous for that allele. For
example, a test that does not detect CYP2D6*13 may report a CYP2D6*1/*13 diplotype as
CYP2D6*1/*1. Hybrid genes can also occur in duplication configurations and cause positive
gene duplication test results that may lead to an overestimation of activity and false-positive
prediction of ultrarapid metabolism (12, 14). For example, a CYP2D6*1/*13+*2 diplotype
(activity score = 2 predicting normal metabolism) may be assigned as CYP2D6*1/*2xN (activity

score > 3 predicting ultrarapid metabolism).

Limitations of the Star (*) Nomenclature and Allele Assignments. The Pharmacogene Variation
(PharmVar) Consortium star (*) allele nomenclature provides suballele definitions (e.g.,
CYP2D6*1.001, CYP2D6*4.002), but these are typically not distinguished by current testing.
This is of no consequence for CYP2D6%*4, as all *4 suballeles share the 1847G>A variant
causing aberrant splicing and absence of functional protein. However, for CYP2D6*1 it is
unknown whether any of the sequence variations defining the suballeles convey a functional
consequence. Also, there is no, or little, information regarding their frequencies because most
laboratories do not discriminate between the suballeles. In addition, there are likely numerous
known variants and suballeles that have not been designated by PharmVar at this time
(investigators and clinical laboratories are encouraged to submit novel information to PharmVar

(www.pharmavar.org).

The accuracy of a pharmacogenetic test depends on the number of sequence variations/allelic
variants tested. If no variation is found, a CYP2D6*] will be the ‘default’ assignment.
Depending on which sequence variations are interrogated, the allele assignment may vary. For

example, if 2851C>T is present, but 1022C>T is not, the assignment is CYP2D6*2. In contrast,
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if 1022C>T is also present, the allele would be assigned as */7. Additional examples are
provided in the PharmVar CYP2D6 GeneFocus review (5). Also see ‘CYP2D6 Other

Considerations’ below.

Note that the SNP positions provided above and below are according to the NG_008376.4
reference sequence (RefSeq). The M33388 “legacy” RefSeq contains errors causing certain
variant positions to shift by 1-base when mapped to the NG_008376.4 RefSeq. PharmVar uses
NG _008376.4 for allele definitions and strongly encourages the use and reporting of positions in
respect to NG_008376.4 RefSeq. To facilitate variant mapping, PharmVar cross-references
positions between NG _008376.4 and M33388 (https://www.pharmvar.org/gene/CYP2D6). Of

note, NG_008376.4 corresponds to the sequence present in the GRCh38 genome build.

Findings indicate that a variant in a distal enhancer region impacts allele activity on the
transcriptional level (15, 16). Specifically, it was reported that CYP2D6*2 alleles lacking the
“enhancer” SNP (NM_152613.3:¢.63-2604G>A; rs5758550) have decreased function. However,
one subsequent study found that this SNP did not lead to improved prediction of endoxifen
concentrations in breast cancer patients (17) while another concluded that it remains inconclusive
whether the small observed effects were indeed caused by the enhancer SNP or were due to its
incomplete linkage with other variants within the gene. Furthermore, it was also reported (18)
that this variant can occur on many other star alleles besides CYP2D6*2, and that the portion of
an allele with and without rs5758550 may considerably vary among biogeographical groups.
Thus, it remains uncertain whether the effect of this variant on CYP2D6 activity in vivo is of
clinical significance. Rs5758550 is currently not included in common CYP2D6 genotyping

panels, nor is it included in star allele definitions.

CYP2C19 Genetic Test Interpretation

Table 1 (main manuscript) defines each CYP2C19 phenotype based on genotype and provides
examples of diplotypes. Of note, the predicted phenotype for a patient carrying the CYP2C19*17
increased function allele in combination with a no function allele (e.g., CYP2C19%*2) is less clear
than for other allele combinations. Limited data suggest that CYP2C19*17 may not compensate
for no function alleles such as CYP2C19*2 (19) and these combinations (increased function plus

a no function allele) have been categorized as a CYP2C19 IM. CYP2C19 PMs are characterized
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by the presence of two no function alleles. Diplotypes characterized by one normal function
allele and one increased function allele (i.e., CYP2C19*1/*17) are classified as rapid
metabolizers (RMs), and diplotypes characterized by two increased function alleles (i.e.,
CYP2C19*17/*17) are classified as UMs. There are limited data available for decreased function
alleles (e.g., CYP2C19%*9); therefore, individuals who have one normal function and one
decreased function allele, or one increased function and one decreased function allele, or two
decreased function alleles, are currently classified as “likely IM” Individuals with one no
function and one decreased function allele are currently classified as “likely PM.” The
“indeterminate” phenotype is assigned when the individual carries one or two uncertain function
alleles. See the CYP2C19 Diplotype-Phenotype Table online for a complete list of possible
diplotypes and the corresponding predicted phenotype assignments (1, 20).

Of note, two recent publications report findings that a haplotype within the CYP2C gene cluster
may affect escitalopram (21) and sertraline (22) metabolism. The haplotype described as
“CYP2C:TG” is defined by the presence of rs11188059G (CYP2C18 intron 5) and rs2860840T
(CYP2C18 3°UTR); the two variants appear to be in near-100% linkage disequilibrium. The
CYP2C:TG haplotype was only detected on a subgroup of CYP2C19*] alleles which were
associated with lower levels of escitalopram and sertraline comparable to levels found for the
CYP2C19*17 allele. However, this CYP2C:TG haplotype is not currently interrogated by clinical
genotyping platforms. Another study reporting on omeprazole treatment failure further

corroborates the potential importance of this haplotype (23).

CYP2B6 Genetic Test Interpretation

CYP2B6 alleles are categorized into functional groups as follows: normal function (e.g.,
CYP2B6*1), decreased function (e.g., CYP2B6*6 and *9), no function (e.g., CYP2B6*18), and
increased function (e.g., CYP2B6*4). Allele function assignments, as described in the CYP2B6

Allele Functionality Table (https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-

antidepressants/), have been made based on in vitro data with or without in vivo data. CYP2B6*6

(p-Q172H, p.K262R) is the most frequent decreased function allele (15% to 60% minor allele
frequency depending on ancestry) and has been the most extensively studied variant of this gene.
While reduced protein expression due to aberrant splicing caused by the ¢.516G>T (rs3745274,

p.Q172H) variant contributes to substantially decreased function of CYP2B6*6, in vitro studies
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also suggest complex substrate-dependent catalytic effects (reviewed in: (3)). Therefore, it is

challenging to assign function to CYP2B6 alleles, as function may be substrate specific.

Table 1 (main manuscript) defines each CYP2B6 phenotype based on genotype and provides
examples of diplotypes. The phenotype categories of CYP2B6 RM (one normal function allele
and one increased function allele) and CYP2B6 UM (two increased function alleles) allow for
the possibility that these may be clinically relevant for other CYP2B6 substrates such as
bupropion, efavirenz, and methadone. See the CYP2B6 Diplotype-Phenotype Table

https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/) for a complete

list of possible diplotypes and phenotype assignments.

Many clinical laboratories report CYP2B6 genotype results using the star-allele (*)
nomenclature. The star-allele nomenclature for CYP2B6 alleles is found at the PharmVar

website (https://www.pharmvar.org/gene/CYP2B6). Some laboratories test and report only on

specific variants that have been most extensively studied, such as ¢.516G>T and ¢.983T>C.
These variants are the only defining variants for CYP2B6*9 and *18, respectively. Of
importance, ¢.516G>T is also found in combination with other variants that are defined as
CYP2B6*6, *7, *13, *19, *20, *26, *29, *34, *36, *37, and *38. In cases where only c.516G>T
is tested, it is not possible to distinguish between the (*) alleles containing this variant. However,
all alleles with ¢.516G>T are considered decreased function, and result in the same CYP2B6
phenotypes based on diplotypes. In contrast, ¢.983T>C is unique to CYP2B6*18. Tables on the
CPIC website contain a list of CYP2B6 alleles, the combinations of variants that define each
allele, allele functional status, and allele frequency across major ancestral populations as reported

in the literature (1).

Available Genetic Test Options
Commercially available genetic testing options change over time. The Genetic Testing Registry
provides a central location for voluntary submission of genetic test information by laboratories

and is available at http://www.ncbi.nlm.nih.gov/gtr. Desirable characteristics of pharmacogenetic

tests, including the naming of alleles and test report contents, have been extensively reviewed by
an international group, including CPIC members (24) as well as the American College of

Medical Genetics and Genomics (ACMG) (25). CPIC recommends that clinical laboratories
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adhere to these test reporting standards. CPIC gene-specific tables adhere to these allele
nomenclature standards. Moreover, these tables (Allele Definition Tables, Allele Functionality
Tables, and Allele Frequency Tables) may be used to assemble lists of known functional and
actionable genetic variants and their population frequencies, which may inform decisions as to
whether pharmacogenetic tests are adequately comprehensive with the interrogated alleles (26,
27). Further, the Association for Molecular Pathology (AMP) has published recommendations
for the key attributes of alleles recommended for clinical testing and a minimum set of variants

that should be included in clinical genotyping assays for CYP2C19 (28) and CYP2D6 (29).

Incidental Findings

A concern about genetic testing in clinical settings is that an individual’s genotype may be
predictive of an unrelated disease risk; however, variants in pharmacogenes related to drug
metabolism are not generally strongly associated with disease risk. A large candidate gene
association study has identified a correlation between CYP2C19 no function alleles (e.g.,
CYP2C19%*2) and lower depressive symptoms in European twins (30). A subsequent study of
transgenic mice suggested that CYP2C19 overexpression in the brain was associated with
reduced hippocampal volume and behavioral markers of anxiety (31). CYP2D6 has been
investigated in candidate gene studies of depression as well as personality traits (32-44).
Although some nominal associations were identified, CYP2D6 genetic variants are not currently
considered to be predictive of depression or personality traits. Notably, a recent meta-analysis of
genome wide association studies for major depressive disorder did not identify any significant
association between depression risk and CYP2C19 or CYP2D6 (45). Small isolated studies on
cancer susceptibility have been reported for CYP2C19 and CYP2D6, yet neither gene is currently

considered to be significantly predictive of cancer risk (46, 47).

Genetic variants in SLC644 and HTR2A have also been associated with numerous psychiatric
and medical conditions or phenotypes (48-59). However, evidence is inconsistent and larger
studies revealed no evidence of an association between SLC6A44 genotype and depression (60)
and variants in these genes are not considered to be clinically useful in predicting disease

likelihood or course of illness.

CYP2D6 Other Considerations
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There are several factors that cause potential uncertainty in CYP2D6 genotyping results and
phenotype predictions as follows: 1) Given that it is currently impractical to test for every
variation in the CYP2D6 gene, genotyping assays may not detect rare or de novo variants
resulting in patients being assigned a default genotype. Depending on the sequence variants (or
alleles present) in a given patient, the default genotype may be CYP2D6*1/*1 (or wild-type) or
another diplotype. If the rare or de novo variant adversely affects CYP2D6 enzyme function,
then the patient’s actual phenotype may differ from the predicted phenotype. 2) Suballeles of
CYP2D6*4 and other star alleles have been identified that harbor additional variants which have
no added functional consequence (e.g., CYP2D6*4.001, *4.002, *4.003, and *4.004). Therefore,
only analyzing for the defining, or core variant of CYP2D6*4 (1846G>A) is usually sufficient to
determine a CYP2D6 phenotype. 3) There are multiple gene units involved in duplication and
other major rearrangements. Additionally, rearranged gene structures involving CYP2D7-derived
sequences may be misinterpreted as functional duplications (61). If the specific gene units
involved in the duplication or other rearrangements are not specifically tested for, the phenotype
prediction may be inaccurate and CYP2D6 activity over-estimated. 4) Alleles are typically
assigned based on the most likely scenario of variant linkage. For example, most CYP2D6*4
alleles carry the 1846G>A ‘core’ variants, but also 100C>T. If a patient is heterozygous for these
two variants, a CYP2D6*1/*4 is typically assigned. However, the rare CYP2D6*4.012 subvariant
does not carry 100C>T, which in isolation defines the CYP2D6*10 decreased function allele.
Therefore, a CYP2D6*4.012/*10 assignment constitutes a valid, albeit unlikely, diplotype
assignment. Taking the presence or absence of additional variants into consideration can
distinguish the two possibilities. As such, to unequivocally assign CYP2D6 alleles/haplotypes,
testing for multiple variants or full gene sequencing may be required. S) The majority of
laboratories assign the most likely diplotype and do not provide information regarding alternate
diplotypes; if laboratories report alternate diplotypes, it may not be accompanied by information
regarding the probability of the patient having the alternate diplotype. 6) Allele frequencies vary
considerably among individuals of different ancestries (biogeographical groups). For instance,
CYP2D6*10 is common in Asian populations while CYP2D6*17 is common in people of sub-
Saharan African ancestry. These alleles, however, have a considerably lower prevalence in other
groups such as Europeans. Moreover, CYP2D6*1 14 (formerly *14A4) is present in Asian
populations and the variant defining this allele (1758G>A) is typically incorporated into Asian

genotyping panels (62). Thus, the alleles that should be tested for a given population may vary

CPIC Guideline for CYP2D6, CYP2C19, CYP2B6, SLC6A4, and HTR2A Genotypes and Dosing of Antidepressants —
Supplement v2.0 13



considerably. 7) Certain alleles carry genes in tandem arrangements. One such example is
CYP2D6*36+*10 (one copy of the no function CYP2D6*36 allele and one copy of the decreased
function CYP2D6*10 allele). This tandem is frequently found in East Asians and is typically
defaulted as CYP2D6*10 due to limitations of many test platforms identifying this structural
variant. The complexity of the CYP2D6 locus is detailed in the PharmVar CYP2D6 GeneFocus
review (5). Additional information regarding gene analysis, interpretation, and phenotype
assignment are summarized by Hicks et al., Gaedigk, and Jarvis et al. (10, 12, 63) and the

complexity of testing is commented on by Nofziger & Paulmichl (64).

CYP2C19 Other Consideration

There are several factors to consider when genotyping CYP2C19. Some of these factors may
cause potential uncertainty in CYP2C19 genotyping results and phenotype predictions and are
listed as follows: 1) Currently, over 35 CYP2C19 star alleles have been defined by PharmVar
with many having a growing number of suballeles. Notably, CYP2C19*] is defined by a variant
(c.991A>G, p.I331V), while CYP2C19*38 matches the genomic reference sequence
NG_008384.3 and the sequence in the GRCh38genome build (4). Based on current knowledge,
c.991A>G does not appear to impact function. CYP2C19*2 is the most common no function
allele. More than ten suballeles of CYP2C79*2 have been defined which harbor additional
variants with no known added functional consequence (e.g., CYP2C19*2.001, *2.002, *2.003,
and *2.004). Three variants, c.332-23A>G, c.681G>A, and c.991A>G are present in all
CYP2C19%*2 suballeles and therefore define the CYP2C19*2 core allele. The splice variant
c.681G>A is unique to CYP2C19*2 and is thus used to detect CYP2C19*2. 2) Because it is
currently impractical to test for every variant in the CYP2C19 gene, genotyping assays do not
typically interrogate rare or novel variants. Depending on the sequence variants (or alleles
present) in a given patient, the default genotype may be CYP2C19*1/*] (or wild-type) or another
diplotype. If the rare or novel variant adversely affects CYP2C19 enzyme function, then the
patient’s actual phenotype may differ from the predicted phenotype. 3) CYP2C19 allele
frequencies vary considerably among individuals of different ancestries (biogeographical
groups). For example, CYP2C19*3 has a low prevalence among most ethnic groups, but has an
allele frequency of approximately 15% in some Asian populations (CYP2C19 Allele Frequency
Table ) (65). Thus, the alleles that should be tested for a given population may vary. 4) The
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variant defining the no function CYP2C19*4 allele has been found in linkage with the SNP
defining the CYP2C19*17 allele. This haplotype is designated CYP2C19*4.002 and may occur
more frequently in certain ethnic groups, in particular the Ashkenazi Jewish population (65-67).
CYP2C19*17 is an increased function allele, while CYP2C19%*4.002 is a no function allele.
Testing for CYP2C19%*4 in addition to CYP2C19*17 may improve CYP2C19 phenotype
prediction accuracy. It is noted that discrimination between CYP2C19*4.001/*17 and *1/*%4.002
requires additional testing to determine the phase of the variants (i.e., in cis or trans) in addition
to genotyping for both c.-806C>T and 1A>G (68). 5) A recent study identified a novel allelic
variant that carries the CYP2C19*]7-defining increased activity -806C>T SNP, but also a
nonsynonymous variant, ¢.463G>T, that introduces a premature stop codon (p.E155X) (67).
While this variant appears to be rare, it may lead to considerable overestimation of activity in
CYP2C19*17 carriers if not interrogated. 6) Certain genotyping platforms interrogate many
CYP2C19 star alleles, some of which are rare and not well characterized. Therefore, uncertainty
exists when translating a genotype result into a predicted CYP2C19 phenotype in instances
where a patient is found to carry a poorly characterized allele. Bioinformatic tools can
computationally predict the effect of these rare and poorly characterized alleles on CYP2C19
enzymatic function (69, 70). These data may assist in diplotype interpretation in instances where
a poorly characterized allele is reported, but these methods are not a substitute for in vitro and in
vivo analyses. In addition, rare alleles with full and partial CYP2C19 gene deletions have been
reported and designated as CYP2C19*36 and *37, respectively; however, most clinical
laboratories do not currently interrogate CYP2C19 copy number (71).

CYP2B6 Other Considerations

The limitations of genetic testing as described here include: (1) known star alleles not tested for
will not be reported, and instead, the allele will be reported as */ by default; (2) in cases where
only ¢.516G>T is interrogated, it will not be known if the variant exists in combination with
other variants, and may be reported as CYP2B6*9 by default or as *6 since the latter is
considerably more frequent compared than *9; (3) rare variants may not be genotyped; (4) tests
are not designed to detect unknown or de novo variants; (5) CYP2B6 structural variations exist

(hybrids, duplications), but little is known of their frequencies and clinical relevance.
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DRUGS: OTHER CONSIDERATIONS

Other Considerations

CYP2D6 inhibition by other drugs may not impact patients predicted to be CYP2D6 PMs
because the enzyme activity cannot be further reduced (72). Paroxetine is an example of auto-
inhibition; the extent to which UM, NM or IM individuals are affected is not fully understood,
however. Paroxetine concentrations were low or undetectable in some CYP2D6 UMs (Table S1)
signifying that these individuals may not undergo extensive phenoconversion (e.g., from UM to
PM) (72-74). Paroxetine exposure at steady state has also been observed to vary significantly
between CYP2D6 phenotype groups (Table S1). In contrast, chronically administered paroxetine
may progressively decrease CYP2D6 activity resulting in oral clearance values that were similar
among the phenotype groups (Table S1). Higher paroxetine doses (i.e., >30 mg/day) were
associated with greater CYP2D6 inhibition. Therefore, paroxetine-induced phenoconversion

(from extensive to lower metabolism due to auto-inhibition) may be dose-dependent.

Individuals taking medications that are CYP2D6, CYP2C19, and/or CYP2B6 substrates along
with a CYP2D6, CYP2C19, and/or CYP2B6 inhibitor may experience higher than expected drug
concentrations, and the individuals’ predicted phenotypes may need to be adjusted accordingly.
For example, it is common practice in research studies for patients taking strong CYP2D6
inhibitors to have their CYP2D6 activity score adjusted to 0 and the predicted phenotype
converted to poor metabolizer (75). For patients taking a moderate CYP2D6 inhibitor, the
activity score is multiplied by 0.5 and then converted to the corresponding predicted phenotype
(76, 77). Based on FDA drug interaction studies, there does not appear to be any clinically
relevant induction of CYP2D6 activity by any medications; however, accumulating data show

that CYP2D6 enzyme activity increases during pregnancy (78).

LEVELS OF EVIDENCE LINKING GENOTYPE TO PHENOTYPE
The evidence summarized in Tables S1-S4 is graded on a scale of high, moderate, and weak
based upon the level of evidence:

High: Evidence includes consistent results from well-designed, well-conducted studies.
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Moderate: Evidence is sufficient to determine effects, but the strength of the evidence is
limited by the number, quality or consistency of the individual studies, generalizability to
routine practice, or the indirect nature of the evidence.

Weak: Evidence is insufficient to assess the effects on health outcomes because of
limited number or power of studies, important flaws in their design or conduct, gaps in

the chain of evidence, or lack of information.

STRENGTH OF RECOMMENDATIONS

CPIC’s therapeutic recommendations are based on weighing the evidence from a combination of
preclinical functional and clinical data, as well as on some existing disease-specific consensus
guidelines. Some of the factors that are considered in evaluating the evidence supporting
therapeutic recommendations include in vivo pharmacokinetic and pharmacodynamic data, in
vitro enzyme activity of tissues expressing wild-type/reference or variants, in vitro enzyme
activity from tissues isolated from individuals of known genotypes, and in vivo pre-clinical and

clinical pharmacokinetic and pharmacodynamic studies.

Overall, the therapeutic recommendations are presented in a way that allows for rapid
interpretation by clinicians. CPIC uses a slight modification of a transparent and simple system
for rating recommendations adopted from the rating scale for evidence-based guidelines on the
use of antiretroviral agents (79):

e Strong recommendation for the statement: The evidence is high quality, and the desirable
effects clearly outweigh the undesirable effects.

e Moderate recommendation for the statement: There is a close or uncertain balance as to
whether the evidence is high quality, and the desirable effects clearly outweigh the
undesirable effects.

e Optional recommendation for the statement: The desirable effects are closely balanced
with undesirable effects, or the evidence is weak or based on extrapolations. There is
room for differences in opinion as to the need for the recommended course of action.

¢ No recommendation: There is insufficient evidence, confidence, or agreement to

provide a recommendation to guide clinical practice at this time.
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RESOURCES TO INCORPORATE PHARMACOGENETICS INTO AN ELECTRONIC
HEALTH RECORD WITH CLINICAL DECISION SUPPORT

Clinical decision support (CDS) tools integrated within electronic health records (EHRs) can
help guide clinical pharmacogenetics at the point of care (80-84). Resources to support the
adoption of CPIC guidelines within an EHR are available on the CPIC website

(https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/). Based on the

capabilities of various EHRs and local preferences, we recognize that approaches may vary
across organizations. Our intent is to synthesize foundational knowledge that provides a common
starting point for incorporating CYP2D6, CYP2C19, and/or CYP2B6 genotype results in an EHR

to guide antidepressant use.

Effectively incorporating pharmacogenetic information into an EHR to optimize drug therapy
should have some key attributes. Pharmacogenetic results, an interpreted phenotype, and a
concise interpretation or summary of the result must be documented in the EHR (85). To
incorporate a phenotype in the EHR in a standardized manner, genotype test results provided by
the laboratory must be consistently translated into an interpreted phenotype (Table 1, main

manuscript; CYP2D6, CYP2C19, and CYP2B6 Diplotype to Phenotype Tables

(https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/). Because
clinicians must be able to easily find the information, the interpreted phenotype may be
documented as a problem list entry or in a patient summary section; these phenotypes are best
stored in the EHR at the “person level” rather than at the date-centric “encounter level”.
Additionally, results should be entered as standardized and discrete terms to facilitate using them
to provide point-of-care CDS (see Pre- and Post-Test Alerts and Flow Chart for example CDS

alerts (https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/).

Because pharmacogenetic results have lifetime implications and clinical significance, results
should be placed into a section of the EHR that is accessible independent of the test result date to
allow clinicians to quickly find the result at any time after it is initially placed in the EHR. To
facilitate this process, CPIC is providing gene-specific information figures and tables that
include full diplotype to phenotype tables, diagram(s) that illustrate how CYP2D6, CYP2C19,
and/or CYP2B6 pharmacogenetic test results could be entered into an EHR, example EHR

consultation/genetic test interpretation language and widely used nomenclature systems (see
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https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-and-snri-antidepressants/). Point-of-care

CDS should be designed to effectively notify clinicians of prescribing implications at any time
after the test result is entered into the EHR. CPIC is also providing gene-drug specific tables that
provide guidance to achieve these objectives with diagrams that illustrate how point-of-care CDS
should be entered into the EHR, example pre- and post-test alert language, and widely used

nomenclature systems for relevant drugs (https://cpicpgx.org/guidelines/cpic-guideline-for-ssri-

and-snri-antidepressants/).
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TABLE S1. EVIDENCE LINKING CYP2D6, CYP2C19 AND CYP2B6 GENOTYPE TO SSRI PHENOTYPE

Type of Experimental
Model

Major Findings

References

Level of Evidence

Es-/citalopram-CYP2C19

Metabolism

Clinical

Higher CYP2C19 activity
(determined by phenotyping)
was associated with lower
concentration of escitalopram.

Lloret-Linares, et al. (2018) (86)

Weak

Clinical

Genotypic CYP2C19 PMs
(patients) had significantly
higher racemic citalopram or
escitalopram plasma
concentrations at steady state
as compared to the median
dose-corrected plasma
concentrations of all study
participants.

Grasmader, et al. (2004) (87)
Rudberg, et al. (2008) (88)
Tsai, et al. (2010) (89)

de Vos, et al. (2011) (90)
Huezo-Diaz, et al. (2012) (91)

High

Clinical

Healthy volunteers (92, 93)
and patients (94) determined
to be CYP2C19 PMs by
genotyping or phenotyping
had significantly different
pharmacokinetic parameters
(e.g., higher citalopram or
escitalopram plasma
concentrations, higher AUC,
longer half-life, or slower
clearance) at steady state as
compared to NMs.

Herrlin, et al. (2003) (93)
Yin, et al. (2006) (94)
Noehr-Jensen, et al. (2009) (92)

High

Clinical

Healthy volunteers
determined to be CYP2C19

Yu, et al. (2003) (95)
Noehr-Jense, et al. (2009) (92)

Moderate
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PMs by genotyping or
phenotyping had significantly
higher escitalopram AUC,
half-life, or lower clearance
after a single dose of
escitalopram as compared to
NMs.

Fudio, et al. (2010) (96)
Huang, et al. (2021) (97)

Clinical

Healthy volunteers
determined to be CYP2C19
IMs by genotyping had
significantly lower
escitalopram AUC and half-
life after a single dose as
compared to PMs.

Huang, et al. (2021) (97)

Weak

Clinical

Genotypic CYP2C19 IMs
(patients (88, 98, 99)) and
healthy volunteers (96, 100)
had significantly higher
citalopram or escitalopram
plasma concentrations or
AUC or log
concentration/dose ratios
when compared to NMs.

Rudberg, et al. (2008) (88)
Fudio, et al. (2010) (96)
Chen, et al. (2013) (100)
Uckun, et al. (2015) (101)
Shelton, et al. (2020) (99)
Zastrozhin, et al. (2021) (98)

High

Clinical

CYP2C19 genotype is
associated with increased
dose-corrected steady-state
plasma or serum
concentration of escitalopram
with increased number of
variant alleles (*2, *3).

Tsuchimine, ef al. (2018) (102)
Jukic, et al. (2018) (103)

High

Clinical

Escitalopram AUCO0-24
significantly decreased with

Strawn, et al. (2020) (104)

Weak
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increased CYP2C19
metabolism at 15mg/day.

Clinical Patients carrying a Rudberg, et al. (2008) (88) Moderate
CYP2C19%*17 allele had de Vos, et al. (2011) (90)
significantly lower levels of | Huezo-Diaz, et al. (2012) (91)
citalopram or escitalopram. Hodgson, et al. (2014) (105)
Uckun, et al. (2015) (13)
Jukic, et al. (2018) (103)
Clinical Patients with the Rudberg, et al. (2008) (88) Moderate
CYP2C19*1/*17 genotype de Vos, et al. (2011) (90)
had a small but Huezo-Diaz, et al. (2012) (91)
statistically significant lower | Jukic, ef al. (2018) (103)
dose-harmonized serum Shelton, et al. (2020) (99)
concentration of citalopram or | Branten, et al (2021) (21)
escitalopram compared to
CYP2CI19*1/*1.
Clinical Patients with a Ohlsson Rosenborg, ef al. (2008) (106) | High
CYP2C19*17/*17 genotype Rudberg, et al. (2008) (3)
had significantly lower Huezo-Diaz, et al. (2012) (91)
citalopram or escitalopram Hodgson, ef al. (2014) (105)
plasma concentrations at Jukic, et al. (2018) (103)
steady state when compared
to NMs.
Clinical Patients carrying the Bréten, et al. (2021) (21) Moderate
CYP2C:TG/CYP2C:TG or
CYP2CI19*17/CYP2C:TG
diplotypes had significantly
lower escitalopram serum
concentrations compared to
CYP2C:CG or TA carriers.
Dose
Clinical Patients with a Bernini de Brito, et al. (2020) (107) Weak

CYP2C19*1/*17 genotype
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had significantly higher
escitalopram dose when
compared to patients with the
*1/*1 and *1/*2 genotype and
received co-treatment with
either mirtazapine or
bupropion to achieve

remission.
Clinical CYP2C19 RMs + UMs Bishop, et al. (2015) (108) Weak
showed a slower rate of
change in escitalopram dose
over time.
Response
Clinical CYP2C19 PM (determined by | Peters, ef al. (2008) (109) Weak
genotyping) associated with | Tsai, et al. (2010) (89)
better response or remission. | Mrazek, ef al. (2011) (110)
Hodgson, ef al. (2014) (111)
Hodgson, et al. (2014) (105)
He, et al. (2017) (112)
He, et al. (2019) (113)
Clinical Genotypic CYP2C19 IMs Strawn, et al. (2020) (104) Weak
were associated with greater
symptom response compared
to CYP2C19 NMs.
Clinical Heterozygous carriers of Zastrozhin, et al. (2021) (98) Weak
154244285 had significantly
less reduction in HAMD,
HADS, UKU scale scores at
week 8 compared to non-
carriers.
Clinical CYP2C19 metabolizer Bishop, et al. (2015) (108) Weak

phenotype was not associated

Aldrich, et al. (2019) (114)
He, et al. (2019) (113)
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with differences in symptom
response.

Campos, et al. (2022) (115)

Clinical

CYP2C19 RMs and UMs
responded more quickly than
other metabolizer groups.

Aldrich, et al. (2019) (114)

Weak

Clinical

Time x group interaction
showed that CYP2C19 PMs
were associated with greater
reduction in HAMA-14 score
but not PDSS-CV score
compared to IMs and NMs.

He, et al. (2019) (113)

Weak

Side effects

Clinical

CYP2C19 PMs and IMs may
be at greater risk of
citalopram-induced prolonged
QT interval. No association
between escitalopram-
induced prolonged QT
interval and CYP2C19
phenotype.

Kumar, et al. (2014) (116)
Petry, et al. (2019) (117)

Weak

Clinical

Side effects were observed in
a patient determined by
phenotyping to be both a
CYP2D6 PM and CYP2C19
PM.

Herrlin, et al. (2003) (93)

Weak

Clinical

CYP2C19 PM (determined by
genotyping or phenotyping)
was associated with decreased
tolerance.

Herrlin, et al. (2003) (93)
Yin, et al. (2006) (94)
Mrazek, et al. (2011) (110)
Asakura, ef al. (2016) (118)

Weak

Clinical

CYP2C19 phenotype
(determined by genotyping)
was associated with patient-
reported side effects.

Campos, et al. (2022) (115)

Weak
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Clinical

CYP2C19 PMs and IMs
experienced more side effects
during citalopram or

escitalopram treatment
compared to RMs and UMs.

Hodgson, et al. (2015) (119)
Aldrich, et al. (2019) (114)

Weak

Clinical

CYP2C19 NMs had increased
risk of side effects compared
to CYP2C19 IMs and PMs

Rossow, et al. (2020) (120)

Weak

Clinical

Combined CYP2C19 PM and
RM + UM phenotypes were
significantly more frequent
among suicide cases
compared to controls.

Rahikainen, et al. (2019) (121)

Weak

Discontinuation

Clinical

CYP2C19 IM/PMs were
significantly more likely to
discontinue es/citalopram
treatment than NMs.

Hodgson, et al. (2015) (119)
Jukic, et al. (2018) (103)
Aldrich, et al. (2019) (114)

Moderate

Clinical

CYP2C19 RM/UMs were
NOT significantly more likely
to discontinue es/citalopram
treatment than NMs.

Aldrich, et al. (2019) (114)

Moderate

Clinical

CYP2C19 PMs were
significantly more likely to
discontinue es/citalopram
treatment than NMs.

Jukic, et al. (2018) (103)

High

Clinical

CYP2C19 IMs were NOT
significantly more likely to
discontinue es/citalopram
treatment than NMs.

Jukic, et al. (2018) (103)
Aldrich, et al. (2019) (114)

Moderate

Clinical

CYP2C19 RMs were
significantly more likely to

Jukic, et al. (2018) (103)
Aldrich, et al. (2019) (114)
Campos, et al. (2022) 35094016

Moderate
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discontinue es/citalopram
treatment than *//*1.

Clinical CYP2C19 UMs were
significantly more likely to
discontinue es/citalopram
treatment than *//*/.

Jukic, et al. (2018) (103)
Aldrich, et al. (2019) (114)

High

Clinical CYP2C19 IM but not PM had
increased risks of switching
and/or dose reduction.

Babhar, et al. (2020) (122)

Weak

Es-citalopram-CYP2D6

Metabolism

In-vitro CYP2D6*2, *10, *87-*91,
*93, *95, *97, *98 showed
significantly reduced intrinsic
clearance of citalopram in-

vitro compared to
CYP2D6*1.

Hu, et al. (2016) (123)

Weak

Clinical Genotypic CYP2D6 PMs
(patients) had significantly
higher citalopram or
escitalopram plasma
concentrations at steady state
when compared to NMs.

Herrlin, et al. (2003) (93)
Grasmader, et al. (2004) (87)
Tsai, et al. (2010) (89)
Huezo-Diaz, et al. (2012) (91)

Weak

Clinical Genotypic CYP2D6 IMs
(patients) had significantly
higher citalopram or
escitalopram plasma
concentrations at steady state
when compared to NMs.

Huezo-Diaz, et al. (2012) (91)

Weak

Clinical Log concentration/dose ratios
for citalopram or escitalopram
were significantly different

Shelton, et al. (2020) (99)

Weak
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across CYP2D6 phenotypes.
But CYP2D6 phenotype was
not a significant predictor of
citalopram or escitalopram
blood levels in a multivariate
analysis adjusted for age and
smoking status.

Response

Clinical

Relationship between
genotypic CYP2D6 IM/PM
status and better/faster
response (tolerance and
remission).

Tsai, et al. (2010) (89)
Mrazek, et al. (2011) (110)
Han, et al. (2013) (124)

Weak

Fluvoxamine-CYP2D6

Response/Side effects

Clinical

Patients with the
CYP2D6*1/*4 genotype
(tested for rs3892097) had
significantly higher efficacy
and side effect rating scales
within the first 3 weeks of
treatment with fluvoxamine
compared to patients not
carrying the variant.

Zastrozhin, et al. (2018) (125)
Zastrozhin, et al. (2021) (126)

Weak

Clinical

Higher risk of developing
gastrointestinal side effects in
patients with reduced
CYP2D6 activity (*1/*5;

*10/*10; *5/*10) compared to

normal metabolizers (*1/*1;
*1/*10).

Suzuki, et al. (2006) (127)

Moderate

Metabolism
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Clinical

Patients with two variant
CYP2D6 alleles
(CYP2D6*5/CYP2D6*10 and
CYP2D6*10/CYP2D6*10)
had significantly higher
fluvoxamine plasma
concentrations compared to
patients with no variant
alleles.

Suzuki, et al. (2011) (128)

Moderate

Clinical

Phenotypic CYP2D6 PMs
(healthy volunteers and
patients had significantly
different fluvoxamine
pharmacokinetic parameters
(higher maximum plasma
concentration, longer half-
life, or lower oral clearance of
fluvoxamine) following a
single dose as compared to
NMs.

Carrillo, et al. (1996) (129)
Spigset, et al. (1997) (130)

Moderate

Clinical

Phenotypic CYP2D6 PMs
(healthy volunteers) had a
lower clearance than NMs
following a single dose of
fluvoxamine.

Spigset, et al. (2001) (131)

Weak

Clinical

Patients with at least one
variant CYP2D6 allele had
significantly higher
fluvoxamine plasma levels
than CYP2D6 wild-type
patients under steady state
conditions with lower doses
of fluvoxamine (50mg) but

Watanabe, et al. (2008) (132)

Weak
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not higher doses (100-
200mg).

Clinical

The dose-adjusted steady-
state plasma concentrations of
fluvoxamine were not
significantly different among
patients with no, one, or two
*10 alleles.

Ohara, et al. (2003) (133)

Weak

Clinical

The steady-state plasma
concentrations of
fluvoxamine and fluvoxamino
acid were not significantly
different among the
CYP2D6*1/*1,
CYP2D6*1/*5 + *1/*10 and
CYP2D6*5/*10 + *10/*10
genotype groups. The
fluvoxamino
acid/fluvoxamine ratio was
significantly lower in the
patients with the
CYP2D6*1/*5 + *1/*10 and
CYP2D6*5/*10 + *10/*10
genotypes compared to non-
*5 or *10 carriers.

Gerstenberg et al, (2003) (134)

Weak

Fluvoxamine-CYP2C19

Metabolism

Clinical

CYP2C19 variants were not
significantly associated with
fluvoxamine steady-state
concentrations.

Zastrozhin, et al. (2021) (135)

Weak

Response/Side effects
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Clinical

CYP2C19 variants were not
significantly associated with
difference in HAMD, HADS,
UKU scale scores during 8
weeks of fluvoxamine
treatment.

Zastrozhin, et al. (2021) (135)

Weak

Fluoxetine-CYP2D6

Metabolism

Clinical

Higher CYP2D6 activity
(determined by phenotyping)
was associated with lower
concentration of the parent
compound for fluoxetine.

Lloret-Linares, et al. (2018) (86)

Weak

Clinical

Patients determined to be
CYP2D6 PMs by genotyping
or phenotyping had
significantly higher fluoxetine
plasma concentrations at
steady as compared to NMs.

Eap, et al. (2001) (136)
Charlier, et al. (2003) (137)

High

Clinical

Phenotypic CYP2D6 PMs
(healthy volunteers) had
significantly different
fluoxetine pharmacokinetic
parameters (lower clearance,
greater AUC, and half-life)
following a single dose as
compared to NMs.

Hamelin, ez al. (1996) (138)
Fjordside, et al. (1999) (139)

High

Clinical

Steady-state fluoxetine dose-
corrected plasma
concentrations were
significantly different among
patients with 0, 1, 2, or >2

LLerena, et al. (2004) (140)
Magalhaes, et al. (2020) (141)

High
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active CYP2D6 alleles.
Subjects with the most active
alleles had the lowest
fluoxetine concentrations and
those with no active alleles
had the highest fluoxetine
concentrations.

Clinical

Genotype-predicted poor
metabolizer phenotype was
significantly associated with
lower concentrations of
norfluoxetine and
norfluoxetine/fluoxetine ratio
compared to other
phenotypes.

Magalhaes, ef al. (2020) (141)

Moderate

Clinical

No statistically significant
predictors (ABCB1, CYP2C9Y,
CYP2C19, and CYP2D6)
were found for differences in
fluoxetine + norfluoxetine
concentrations.

Magalhaes, ef al. (2020) (141)

Moderate

Clinical

Increasing CYP2D6 activity
score and predicted CYP2D6
phenotype was negatively
correlated with fluoxetine
metabolic ratio. No
significant differences were
observed between mean
metabolic ratios of most
groups (phenotype or activity
score) with mean metabolic
ratios of their preceding
groups. However, CYP2D6

Hinrich, et al. (2008) (142)

Weak
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PMs had a significantly lower
metabolic ratio compared to
IMs .

Clinical

Fluoxetine/(S)-norfluoxetine
ratio was negatively
correlated with the number of
normal function CYP2D6
alleles

Gasso, et al. (2014) (143)

Moderate

Clinical

Patients with CYP2D6 AS 0.5
had significantly higher
fluoxetine plasma
concentrations and lower
norfluoxetine/fluoxetine
ratios compared to patients
with CYP2D6 AS 1-2.

Sagah6n-Azua, et al. (2021) (144)

Weak

Clinical

Patients with the
CYP2Do6*1/*4 genotype
(tested for rs3892097) had
significantly higher fluoxetine
concentrations and
concentration/dose ratio
compared to non-carriers of
the variant.

Zastrozhin, et al. (2021) (145)

Weak

Side effects

Clinical

Suspected adverse effects and
eventual death due to
fluoxetine intoxication in a
genotypic CYP2D6 PM.

Sallee, et al. (2000) (146)

Weak

Clinical

No significant relationship
between fluoxetine-induced
adverse drug reactions and
CYP2D6 PMs and NMs
determined by genotyping.

Roberts, et al. (2004) (147)

Moderate
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Response

Clinical

Patients with the
CYP2Do6*1/*4 genotype
(tested for rs3892097) had
significantly worse efficacy
and higher side effect rating
scales scores at week 8
compared to non-carriers of
the variant.

Zastrozhin, et al. (2021) (145)

Weak

Clinical

CYP2D6 metabolizer status
was not significantly
associated with categorical
response (CGI-I score) or
time to response.

Troy, et al. (2020) (148)

Weak

Fluoxetine-CYP2C19

Metabolism

In-vitro

CYP2C19%*29-*33 showed
significantly reduced intrinsic
clearance of fluoxetine in-

vitro compared to
CYP2C19*1.

Fang, et al. (2017) (149)

Weak

Paroxetine-CYP2D6

Metabolism

Clinical

Genotypic CYP2D6 UMs
(patients and health
volunteers) had significantly
lower, or undetectable,
paroxetine plasma
concentrations at steady state
when compared to genotypic
NMs.

Lam, et al. (2002) (72)
Charlier, et al. (2003) (137)
Guzey, et al. (2006) (74)
Gex-Fabry, et al. (2008) (73)

High
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Clinical Genotypic CYP2D6 UMs Guzey, et al. (2006) (74) Weak
(patients) did not have an Gex-Fabry, et al. (2008) (73)
antidepressant response to
paroxetine.
Clinical A subset of individuals Sindrup, et al. (1992) (150) Moderate
determined to be CYP2D6 Alfaro, et al. (1999) (151)
NMs by Lam, et al. (2002) (72)
genotyping/phenotyping may | Solai, et al. (2002) (152)
phenoconvert to IMs or PMs | Zourkova, et al. (2003) (153)
after prolonged paroxetine
treatment.
Clinical CYP2D6 UMs may Laine, et al. (2001) (154) Weak
phenoconvert to NMs/IMs Lam, et al. (2002) (72)
when administered
paroxetine.
Clinical CYP2D6 IMs may covert to Storelli, et al. (2018) (155) Moderate
PMs when administered
paroxetine.
Clinical Healthy volunteers Lam, et al. (2002) (72) High
determined to be CYP2D6 Charlier, et al. (2003) (137)
PMs by genotyping or
phenotyping had significantly
higher paroxetine plasma
concentrations at steady state
compared to NMs.
Clinical Individuals (healthy Sindrup, et al. (1992) (150) Moderate

volunteers and patients)
determined to be CYP2D6
PMs or IMs by
genotyping/phenotyping had
significantly different
pharmacokinetic parameters
(e.g., lower clearance, greater

Findling, et al. (1999)

Chen, et al. (2015) (156)
Nishimura, et al. (2016) (157)
Chen, et al. (2017) (158)

CPIC Guideline for CYP2D6, CYP2C19, CYP2B6, SLC6A4, and HTR2A Genotypes and Dosing of Antidepressants — Supplement v2.0

34



AUC and half-life) of
paroxetine versus NMs.

Clinical

Pharmacokinetic parameters
of paroxetine at steady state
were significantly different
among those with 0, 1, 2, or
>2 active CYP2D6 alleles.
Those with the most active
alleles had the lowest
paroxetine concentrations and
those with no active alleles
had the highest paroxetine
concentrations.

Sawamura, et al. (2004) (159)
Feng, et al. (2006) (160)
Findling, et al. (2006) (161)

Van Neiuwerburgh, et al. (2009) (162)

Saruwatari, et al. (2014) (163)

High

Response

Clinical

Genotypic CYP2D6 UMs
(patients) did not have an
antidepressant response to
paroxetine.

Guzey, et al. (2006) (74)
Gex-Fabry, et al. (2008) (73)

Weak

Clinical

CYP2D6 poor metabolizers
taking paroxetine had higher
Hb1Ac than normal
metabolizers

Austin-Zimmerman, et al. (2021)(164)

Weak

Side effects

Clinical

A significant relationship
between paroxetine-induced
adverse drug reactions was
observed when female
CYP2D6 PMs were compared
to female NMs.

Zourkova, et al. (2007) (165)

Weak

Clinical

Suspected adverse effects due
to paroxetine intoxication in a
genotypic CYP2D6 IM.

Sato, et al. (2004) (166)

Weak
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Clinical

No significant relationship
between paroxetine-induced
adverse drug reactions was
observed when genotypic
CYP2D6 PMs and/or IMs
were compared to NMs.

Stedman, et al. (2002) (167)
Murphy, et al. (2003) (168)
Sugai, et al. (2006) (169)

Weak

Sertraline-CYP2C19

Metabolism

Clinical

Higher CYP2C19 activity
(determined by phenotyping)
was associated with lower
concentration of the parent
compound for sertraline.

Lloret-Linares, et al. (2018) (86)

Weak

Clinical

Sertraline and N-desmethyl
sertraline concentrations did
not differ significantly among
the CYP2C19 genotypes.

Yuce-Artun, et al. (2016) (170)

Weak

Clinical

Genotypic CYP2C19 PMs
(patients carrying two no
function CYP2C19 alleles)
had higher sertraline plasma
concentrations at steady state
compared to NM patients
with a CYP2C19*1/*1
genotype.

Rudberg, ez al. (2008) (171)

Moderate

Clinical

Healthy volunteers
determined to be CYP2C19
PMs by phenotyping and
genotyping had significantly
different sertraline
pharmacokinetic parameters
(i.e., higher area under the

Wang, et al. (2001) (172)

Moderate
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plasma concentration versus
time curve and longer half-
life, lower clearance) after
one dose of sertraline
compared to NMs
(CYP2C19*1/*1 and *1/null).

Clinical

Healthy volunteers
determined to be CYP2C19
IMs by genotyping had
significantly different
sertraline pharmacokinetic
parameters (i.e., higher area
under the plasma
concentration versus time
curve and longer half-life)
after one dose of sertraline
compared to NMs
+UMs/RMs. CYP2C19
UMs/RMs had significantly
lower area under the plasma
concentration versus time
curve values compared to
NMs.

Saiz-Rodriguez, et al. (2018) (173)

Weak

Clinical

Genotypic CYP2C19 PMs
and IMs had increased
sertraline serum concentration
and higher odds of having a
sertraline concentration above
the therapeutic reference
range compared to CYP2C19
NMs. CYP2C19 UMs/RMs
had marginal lower serum

Braten, et al. (2020) (174)
Parikh, et al (2022) (175)

High
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concentration compared to
NMs.

Clinical

Genotypic CYP2C19 PMs,
IMs, and IMs with the
rs2860840T + rs11188059G
(CYP2C:TG) haplotype had
significantly increased
sertraline serum concentration
compared to NMs. CYP2C19
*17/*17,
CYP2C:TG/CYP2C:1G,
CYP2C19 *17 + CYP2C:TG,
and CYP2C19 *1/*17 had
significantly lower sertraline
serum concentration
compared to CYP2C19 NMs.
No significant impact of
CYP2CI19*1/ CYP2C:TG
genotype. CYP2C19 PMs had
a 1.2-fold higher N-
desmethylsertraline-to-
sertraline metabolic ratio
compared to NMs.

Bréten, et al. (2022) (22)

Moderate

Dose

Clinical

The maximum sertraline dose
was inversely associated with
the number of CYP2C19 no
function alleles (*2-*8) at 60
and 90 days.

Poweleit, et al. (2019) (176)

Moderate

Clinical

The number of CYP2C19 no
function alleles (*2-*8) was
not associated with the
sertraline dose at the time of

Poweleit, et al. (2019) (176)

Weak
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response or the total number
of side effects.

Clinical

No significant difference in
initial weight-adjusted dose
but a trend for higher dose
was observed at the second
dose change for RM/UMs
compared to NMs.

Brown, et al. (2022) (177)

Weak

Response

Clinical

CYP2C19 metabolizer
phenotype was not associated
with differences in response.

Campos, et al. (2022) (115)

Weak

Side effects

Clinical

Sertraline-induced adverse
effects were observed in
CYP2C19 PMs (determined

by phenotyping).

Wang, et al. (2001) (172)

Weak

Clinical

No differences in the mean
QTc between CYP2C19*1/*1
and CYP2C19*1/*2 were
observed in subjects treated
with sertraline.

Petry, et al. (2019) (117)

Weak

Clinical

CYP2C19 IMs had greater
odds of reporting side effects
for sertraline compared to
NMs.

Campos, et al. (2022) (115)

Weak

Clinical

CYP2C19 PMs showed
greater tolerability (based on
discontinuation due to side
effects) compared to NMs.

Campos, et al. (2022) (115)

Weak

Clinical

CYP2C19 NMs had an
increased risk of side effects

Rossow, et al. (2020) (120)

Weak
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compared to CYP2C19 IMs
and PMs.

Sertraline-CYP2D6

Metabolism

Clinical

No significant association
between CYP2D6 phenotypes
with pharmacokinetics of
sertraline after a single dose.

Saiz-Rodriguez, et al. (2018) (173)

Weak

Clinical

No significant association
between CYP2D6 phenotypes
with sertraline concentrations.

Bréten, et al. (2022) (22)

Moderate

Sertraline-CYP2B6

Metabolism

Clinical

Carriers of TT genotype of
CYP2B6 G516T (*9,
rs3745274) had a longer half-
life time after a single dose of
sertraline but all other
pharmacokinetic parameters
were not significantly
different across genotype
groups.

Saiz-Rodriguez, et al. (2018) (173)

Weak

Clinical

The mean N-desmethyl
sertraline/sertraline ratio and
dose normalized N-desmethyl
sertraline values were
significantly lower in all
subgroups including the
CYP2B6*6 and CYP2B6*9
variant alleles compared to
CYP2B6*1/*1, and dose
normalized sertraline values

Yuce-Artun, et al. (2016) (170)

Weak
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were significantly higher in
all subgroups with CYP2B6*6
and CYP2B6*9 variant alleles
compared to CYP2B6*1/*1.

Clinical

CYP2C19 UMs (including
CYP2C:TG haplotype) +
CYP2B6 UMs had predicted
sertraline serum
concentrations 35.4% lower
compared to CYP2B6 NMs
+CYP2C19 NMs. CYP2C19
PMs + CYP2B6 PMs had a
2.89-fold increased predicted
serum concentration
compared to CYP2B6 NMs
+CYP2C19 NMs.

Bréten, et al. (2022) (22)

Weak

Clinical

Patients carrying the
CYP2B6%*4 allele had a 17.4%
lower serum concentration of
sertraline compared to NMs.

Bréten, et al. (2022) (22)

Weak

Clinical

CYP2B6 PMs had increased
concentration/dose-ratios
compared to NMs.

Parikh, et al (2022) (175)
Bréten, et al. (2022) (22)

Moderate

Dose

Clinical

No significant differences in
dosing associated with
CYP2B6 genotypes.

Brown, et al. (2022) (177)

Weak

Clinical

CYP2C19 IMs/PMs and
CYP2B6 IMs/PMs received
significantly higher doses of
sertraline recorded as the last
prescribed dose as compared

Brown, et al. (2022) (177)

Weak
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CYP2C19 and CYP2B6
NMs.

aSee Level of Evidence section for definitions.
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TABLE S2. EVIDENCE LINKING CYP2D6 GENOTYPE TO SNRI AND SEROTONIN MODULATOR PHENOTPE

Type of Experimental
Model

Major Findings

References

Level of Evidence

Desvenlafaxine-CYP2D6

Metabolism

Clinical

Pharmacokinetic parameters of
desvenlafaxine showed no
significant differences between
CYP2D6 NM/IMs (AS 1-2) and
CYP2D6 PMs (AS 0).

Preskorm, et al. (2009) (178)
Nichols, et al. (2011) (179)

Moderate

Duloxetine-CYP2D6/CYP2

C19

Metabolism

Clinical

CYP2C19*1/*%2 and CYP2D6*4/*4
patient had high dose-adjusted drug
concentrations of duloxetine.

Kuzin, et al. (2020) (180)

Weak

Clinical

Patients with the rs3892097GA
genotype had a lower level of drug
equilibrium concentration of
duloxetine than those with the GG
genotype.

Zastrozhin, et al. (2020) (181)

Weak

Response/Side effects

Clinical

CYP2D6%*4/*69 patient co-
medicated with ciprofloxacin
experienced CNS depression
(RASS score).

Hoffmann, et al. (2022) (182)

Weak

Clinical

CYP2D6*1/*5 patient experienced
duloxetine-induced syndrome of
inappropriate antidiuretic hormone
secretion.

Kameli, et al. (2015) (183)

Weak

Clinical

Patients with the rs3892097GA
genotype had higher HAMD and
UKU scores after 8 weeks of

Zastrozhin, et al. (2020) (181)

Weak
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duloxetine treatment than those
with the GG genotype.

Clinical

In patients with no remission to
citalopram or escitalopram
treatment, duloxetine remission
rates were not significantly
different between CYP2D6 UM,
IM/NM, or PM and CYP2C19 UM,
IM/NM or PM.

Ahmed, ef al. (2019) (184)

Weak

Milnacipran-CYP2D6/CYP2C19

Metabolism

Clinical

No differences were observed in
pharmacokinetic parameters of
milnacipran for phenotypic
CYP2D6 PMs compared to NMs or
for phenotypic CYP2C19 PMs
compared to NMs.

Puozzo, et al. (2005) (185)

Weak

Clinical

CYP2D6 PM patient had 28%
higher mean dose-adjusted plasma
milnacipran concentrations
compared to the drug-specific
median. CYP2D6 UM patient (also
taken zolpidem, olanzapine) had
4% higher mean dose-adjusted
plasma venlafaxine concentrations
compared to the drug- specific
median.

Grasmader, et al. (2004) (87)

Weak

Venlafaxine-CYP2D6

Metabolism

In-vitro

CYP2D6*2, *10, *87-*%91, *93-
*95, *97, *98 showed significantly
reduced intrinsic clearance of

Zhan, et al. (2016) (186)

Moderate
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venlafaxine in-vitro compared to
CYP2D6*1.

Ex-vivo

The rate of venlafaxine O-
demethylation in livers with high
CYP2D6 activity was 3-200x times
greater than in CYP2D6-deficient
livers. O-demethylation and N-
demethylation were similar in
microsomes from CYP2D6-
deficient livers.

Otton, et al. (1996) (187)

Moderate

Clinical

Positive correlation between
CYP2D6 activity score and the
ratio of O-
desmethylvenlafaxine/venlafaxine.

Fukuda, et al. (2000) (188)
Veefkind, et al. (2000) (189)
Van der Weide, et al. (2005)
(190)

Shams, et al. (2006) (191)
Hermann, et al. (2008) (192)
Hinrichs, et al. (2008) (142)
Arneth, et al. (2009) (193)
Kandasamy, et al. (2010) (194)
Launiainen, et al. (2011) (195)
McAlpine, et al. (2011) (196)
Nichols, et al. (2011) (179)
Kingback, et al. (2012) (197)
Jiang, et al. (2015) (198)
Karlsson, et al. (2015) (199)
Mannheimer, et al. (2016) (200)
Montane, et al. (2018) (201)
Komahashi-Sasaki, et al. (2020)
(202)

Sasaki, et al. (2021) (203)

Van der Lee, et al. (2021) (204)
Jukic, et al. (2021) (205)
Ganesh, et al. (2021) (206)

High
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Clinical

CYP2D6 PMs had significantly
higher N-
desmethylvenlafaxine/venlafaxine
ratio or lower venlafaxine/N-
desmethylvenlafaxine ratio
compared to IMs (AS1) and NMs
(AS2).

Launiainen, et al. (2011) (195)
Kingback, et al. (2012) (197)
Karlsson, et al. (2015) (199)

Moderate

Clinical

N-/O-desmethylvenlafaxine ratio
>1 was observed to predict
CYP2D6 PMs.

Mannheimer, et al. (2016) (200)

Weak

Clinical

O-/N-desmethylvenlafaxine
metabolic ratio was significantly
lower in CYP2D6 PMs compared
to NMs (*1/*1).

Hole, et al. (2021) (207)

Moderate

Clinical

CYP2D6 PMs had a significantly
lower S/R-venlafaxine ratio and
higher S/R-O-
desmethylvenlafaxine compared to
CYP2D6 IMs and NMs. In
CYP2D6 PMs, R-venlafaxine
concentrations were higher, while

S-venlafaxine concentrations were
higher in CYP2D6 NM.

Eap, et al. (2003) (208)
Kingback, et al. (2012) (197)
Karlsson, et al. (2015) (199)

Moderate

Clinical

CYP2D6*10 carriers had a
significantly lower S-ODV/S-VEN
ratio and R-ODV/R-VEN ratio
compared to CYP2D6 *1/*1, or
*1/*2 or *2/*2.

Sasaki, et al. (2021) (203)

Weak

Clinical

CYP2D6 PMs had significantly
higher venlafaxine and lower O-
desmethylvenlafaxine

concentrations compared to
IMs/NMs.

Lessard, et al. (1999) (209)
Eap, et al. (2003) (208)
Preskorn, et al. (2009) (178)
Lobello, et al. (2010) (210)
Nichols, et al. (2011) (179)

High
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Clinical CYP2D6 PMs/IMs (ASO-1) had Whyte, et al. (2006) (211) Weak
significantly higher venlafaxine Van Nieuwerburgh, et al. (2009)
and lower O-desmethylvenlafaxine | (162)
concentrations compared to NMs
(AS2).
Clinical CYP2D6 PMs (AS0) or IMs Fukuda, et al. (1999) (212) High
(ASO.5 or 1) had significantly Fukuda, et al. (2000) (188)
higher venlafaxine and lower O- Veefkind, et al. (2000) (189)
desmethylvenlafaxine Ciusani, et al. (2004) (213)
concentrations compared to NMs Shams, et al. (2006) (191)
(AS1.25 or 2). Hermann, et al. (2008) (192)
Kingback, et al. (2012) (197)
Jiang, et al. (2015) (198)
Komahashi-Sasaki, et al. (2020)
(202)
Clinical CYP2D6 NM (AS 1.25) had Fukuda, et al. (1999) (212) Moderate
significantly higher venlafaxine Fukuda, et al. (2000) (188)
concentrations compared to NM Komahashi-Sasaki, et al. (2020)
(AS 2) but no difference in O- (202)
desmethylvenlafaxine
concentration (single dose or steady
state).
Clinical CYP2D6 UMs (AS3) had Shams, et al. (2006) (191) Weak
significantly lower venlafaxine
concentrations compared to NMs
(AS2), but no difference in O-
desmethylvenlafaxine
concentrations.
Clinical IncreasedCYP2D6 activity was Grasmader, et al. (2004) (87) Moderate

associated with lower venlafaxine
and higher O-desmethylvenlafaxine
concentrations.

Haller-Gloor, et al. (2004) (214)
Whyte, et al. (2006) (211)
Wijnen, et al. (2009) (215)
Kandasamy, et al. (2010) (194)
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McAlpine, et al. (2011) (196)
Gressier, et al. (2014) (216)
Kuzin, et al. (2020) (180)

Clinical Increased CYP2D6 activity was Veefkind, et al. (2000) (189) High
associated with lower N- Eap, et al. (2003) (208)
desmethylvenlafaxine Ciusani, et al. (2004) (213)
concentrations. Haller-Gloor, et al. (2004) (214)

Shams, et al. (2006) (191)
Hermann, et al. (2008) (192)
Kingback, et al. (2012) (197)

Clinical No significant difference in N,O- Lessard, et al. (1999) (209) Moderate
didesmethylvenlafaxine Kingback, et al. (2012) (197)
concentrations by CYP2D6 activity
groups.

Clinical Increased CYP2D6 activity was Veefkind, et al. (2000) (189) Weak
associated with lower venlafaxine | Shams, et al. (2006) (191)

+ O-desmethylvenlafaxine Hermann, et al. (2008) (192)

concentrations. Lobello, et al. (2010) (210)
McAlpine, et al. (2011) (196)
Ganesh, et al. (2021) (206)

Clinical CYP2D6 IMs (AS 0.5) had Fukuda, et al. (1999) (212) Weak
significantly higher venlafaxine + Jiang, et al. (2015) (198)
O-desmethylvenlafaxine
concentrations compared to NMs
(AS 2) (single dose).

Clinical CYP2D6 PMs/IMs (ASO-1) had Van Nieuwerburg, et al. (2009) Weak
significantly higher venlafaxine + (162)

O-desmethylvenlafaxine
concentrations compared to NMs
(AS 2).
Clinical No difference in proportion of Berm, et al. (2015) (217) Weak

venlafaxine concentrations in/out
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of reference range across NMs,
IMs, and PMs after 3, 5, and 12
weeks.

Venlafaxine-CYP2C19

Metabolism

Clinical Positive correlation between
CYP2C19 activity and the ratio of
O-

desmethylvenlafaxine/venlafaxine.

McAlpine, et al. (2011) (196)
Karlsson, et al. (2015) (199)
Montane, et al. (2018) (201)

Weak

Clinical Increased CYP2C19 activity was
associated with lower venlafaxine
but not associated with O-
desmethylvenlafaxine
concentrations.

Fukuda, et al. (2000) (188)
McAlpine, et al. (2011) (196)
Kringen, et al. (2020) (218)

Weak

Clinical Increased CYP2C19 activity was
associated with lower venlafaxine
+ O-desmethylvenlafaxine
concentrations.

McAlpine, et al. (2011) (196)

Weak

Clinical No difference in N-
desmethylvenlafaxine/venlafaxine
ratio by CYP2C19 activity.

Karlsson, et al. (2015) (199)

Weak

Venlafaxine-CYP2D6/CYP2C19

Metabolism

Clinical CYP2D6NM/2C19IM or
2D6NM/2C19PM or 2D6IM
(AS0.25-1)/2C19IM or
2D6IM/2C19PM or 2D6PM
(AS0)/2C19NM or
2D6PM/2C191IM or
2D6PM/2C19PM had increased
venlafaxine + O-
desmethylvenlafaxine
concentrations compared to

Kringen, et al. (2020) (218)

Weak
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CYP2D6 NMs (AS1.25-
2)/CYP2C19 NMs (*1/*1 +
1/%17).

Clinical

CYP2D6NM/2C19IM or
2D6NM/2C19PM or 2D6IM
(AS0.25-1)/2C19NM or
2D6IM/2C19IM or
2D6IM/2C19PM or
2D6PM/2C19NM or
2D6PM/2C19IM or
2D6PM/2C19PM had increased
venlafaxine concentrations
compared to CYP2D6 NMs
(AS1.25-2)/CYP2C19 NMs (*1/*1
+ *1/*17).

Kringen, et al. (2020) (218)

Weak

Clinical

CYP2D6NM/2C19IM or
2D6IM/2C19NM or
2D6PM/2C19UM or
2D6PM/2C19NM or
2D6PM/2C19IM or
2D6PM/2C19PM had decreased O-
desmethylvenlafaxine
concentrations compared to
CYP2D6 NMs (AS1.25-
2)/CYP2C19 NMs (*1/*1 +
*1/*17).

Kringen, et al. (2020) (218)

Weak

Dose

Clinical

A lower median daily dose (75
mg/day) of venlafaxine was
observed in combined CYP2D6 IM
(AS0.25-1)/CYP2C19 PMs
compared with other metabolizer
subgroups.

Kringen, et al. (2020) (218)

Weak
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Clinical A lower median daily dose (75 Kringen, et al. (2020) (218) Moderate
mg/day) of venlafaxine was
observed in combined CYP2D6
PMs (AS0)/CYP2C19 PMs
compared with the other subgroups.
Clinical No significant differences in Shams, et al. (2006) (191) Weak
venlafaxine dose among CYP2D6 | McAlpine, et al. (2007) (219)
phenotypes. Hermann, et al. (2008) (192)
Lobello, et al. (2010) (210)
Taranu, et al. (2017) (220)
Clinical CYP2D6 PMs (AS0O) and UMs van der Schans, ef al. (2019) Weak
(AS2.5-3) (part of the subjects who | (221)
received phenotype-guided dosing)
reached the adequate venlafaxine or
nortriptyline dose faster compared
to NMs (AS1.25-2).
Venlafaxine-CYP2D6
Response
Clinical CYP2D6 NMs had greater Shams, et al. (2006) (191) Weak
improvement and higher rates of Whyte, et al. (2006) (211)
response compared to PMs. Van Nieuwerburgh, et al. (2009)
(162)
Lobello, et al. (2010) (210)
Ng, et al. (2013) (222)
Brandl, et al. (2014) (223)
Taranu, et al. (2017) (220)
Clinical Higher CYP2D6 metabolism was Lobello, et al. (2010) (210) Weak
associated with higher remission Taranu, et al. (2017) (220)
rate. Ahmed, et al. (2019) (184)
Clinical Improvement, response or Brandl, et al. (2014) (223) Moderate

remission scores or venlafaxine
dose were not significantly

Taranu, et al. (2017) (220)
Ahmed, et al. (2019) (184)
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different between CYP2C19
phenotypes.

Side effects

Clinical No significant differences in Shams, et al. (2006) (191) Weak
venlafaxine treatment related side | Whyte, et al. (2006) (211)
effects among CYP2D6 Lobello, et al. (2010) (210)
phenotypes. Ng, et al. (2013) (222)
Brandl, et al. (2014) (223)
Rolla, et al. (2014) (224)
Clinical Adverse drug reactions were Lessard, et al. (1999) (209) Weak
reported in case studies of CYP2D6 | Haller-Gloor, et al. (2004) (214)
IMs or PMs. McAlpine, et al. (2007) (219)
Wijnen, et al. (2009) (215)
Chua, et al. (2013) (225)
Jornil, et al. (2013) (226)
Gressier, et al. (2014) (216)
Garcia, et al. (2017) (227)
Singh, et al. (2019) (228)
Volon, et al. (2019) (229)
Kuzin, et al. (2020) (180)
Clinical CYP2D6 poor metabolizers Austin-Zimmerman, et al. Weak
participants with diabetes who were | (2021)(164)
taking venlafaxine, had higher
HbA Ic levels compared to normal
metabolizers
Meta-analyses
Venlafaxine-CYP2D6
Vortioxetine -CYP2D6/CYP2C19
Clinical CYP2D6 PMs and IMs had Frederiksen, et al. (2022) (230) High

significantly increased dose-
adjusted vortioxetine serum
concentrations compared to NMs.
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Clinical

No significant difference in
vortioxetine serum concentrations
was found for CYP2D6 UMs
compared to NMs.

Frederiksen, et al. (2022) (230)

Weak

Clinical

Prescribed vortioxetine doses did
not differ significantly between
CYP2D6 phenotypes.

Frederiksen, et al. (2022) (230)

Moderate

Clinical

CYP2D6 PMs had a significantly
higher frequency of switching to

another antidepressant compared
with NMs.

Frederiksen, et al. (2022) (230)

High

Clinical

No significant difference in switch
rate between CYP2D6 IMs and
NMs.

Frederiksen, et al. (2022) (230)

Moderate

Clinical

CYP2D6 UMs had a significantly
higher frequency of switching
compared to NMs.

Frederiksen, et al. (2022) (230)

Weak

aSee Level of Evidence section for definitions.
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TABLE S3. EVIDENCE LINKING SLC644 GENOTYPE TO ANTIDEPRESSANT PHENOTYPE

Type of Experimental Model

Major Findings

| References

| Level of Evidence

Desvenlafaxine

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(HAMD) or remission
(HAMD) in patients with
depression receiving
desvenlafaxine.

Ng, et al. (2016) (231)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in side effects
(UKU) in patients receiving
desvenlafaxine.

Ng, et al. (2016) (231)

Weak

Duloxetine

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(HAMD) in patients with
depression receiving
duloxetine.

Petlis, et al. (2010) (232)

Weak

Clinical (AMPS)

The 5-HTTLPR was not
associated with significant
differences in remission
(QIDS-C16) in patients with
depression receiving
duloxetine.

Ahmed, ef al. (2019) (184)

Weak

Clinical

The rs25531 variant was not
associated with significant
differences in response

Petlis, et al. (2010) (232)

Moderate
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(HAMD) in patients with
depression receiving
duloxetine.

Clinical

The VNTR intron 2 was not
associated with significant
differences in response
(HAMD) in patients with
depression receiving
duloxetine.

Petlis, et al. (2010) (232)

Moderate

Clinical (autopsy cases)

The S/S genotype was
significantly associated with
increased risk to commit
violent suicide in male subjects
using citalopram (violent
suicides versus controls
(males) with LA/LA as
reference).

Rahikainen, et al. (2017) (233)

Weak

Es-/citalopram

Clinical (autopsy cases)

The S/S genotype was
significantly associated with
increased risk to commit
violent suicide in male subjects
using citalopram (violent
suicides versus controls
(males) with LA/LA as
reference).

Rahikainen, et al. (2017) (233)

Weak

Clinical

The S/S genotype was
significantly associated with
less response (yes: CDRS-R
scores over time; no: SCARED
scores over time or response
based on CGI-I score)
compared to the S/L + L/L

Kronenberg, et al. (2007)
(234)
Rotberg, et al. (2013) (235)

Weak
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genotype in patients with
major depression and or
anxiety disorder receiving
citalopram.

Clinical

The S/S + S/L genotype was
significantly associated with
increased HADS depression
score and Mini-MAC fatalism
score compared to the L/L
genotype in cancer patients
receiving citalopram.

Capozzo, et al. (2009) (236)

Weak

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in response
(HAMD) in patients with
depression after traumatic
brain injury receiving
citalopram.

Lanctot, et al. (2010) (237)

Weak

Clinical (Star*D)

The S-A-12 and the S-12
haplotype were significantly
associated with lower
remission (QIDS-C16) in
patients with depression
receiving citalopram.

Mrazek, et al. (2009) (238)
Shiroma, et al. (2014) (239)

Weak

Clinical (Star*D)

The rs25531 variant was not
associated with significant
differences in remission
(QIDS-C16, QIDS-SR) in
patients with depression
receiving citalopram.

Kraft, et al. (2007) (240)
Mrazek, et al. (2009) (238)
Shiroma, et al. (2014) (239)

Moderate

Clinical (Star*D)

The rs25533, rs16965628,
rs2020934, rs2066713, rs6354,
rs140700, rs140701,

Kraft, ef al. (2007) (240)

Moderate
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rs1042173 variants were not
associated with significant
differences in response or
remission (QIDS-SR) in
patients with depression
receiving citalopram.

Clinical

The 5-HTTLPR was not
associated with significant
differences in concentrations
of prolactin or cortisol in
healthy subjects receiving
citalopram.

Smith, ez al. (2004) (241)

Weak

Clinical (Star*D)

The rs25531 variant was not
associated with significant
differences in treatment
discontinuation in patients
receiving citalopram.

Mrazek, et al. (2009) (238)

Weak

Clinical (Star*D)

One or two copies of the LA
allele and one copy of the
VNTR 12 allele was
significantly associated with a
greater remission (QIDS-
CR16) rate in patients
receiving citalopram compared
to other genotypes in patients
with first depression episode at
age 56 years or later but not in
patients with earlier disease
onset.

Shiroma, ef al. (2014) (239)

Weak

Clinical (GENDEP)

The 5-HTTLPR was not
associated with significant
differences in es-/citalopram
plasma levels.

Arias, et al. (2003) (242)
Eichhammer, ef al. (2003)
(243)

Smith, et al. (2004) (241)

High
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Kellner, et al. (2008) (244)
Huezo-Diaz, et al. (2009)
(245)

Clinical (GENDEP) The 5S-HTTLPR + 1525531 was | Huezo-Diaz, et al. (2009) High
not associated with significant | (245)
differences in escitalopram Hinkelman, et al. (2010) (246)
plasma levels. Garfield, et al. (2014) (247)
Clinical The 5-HTTLPR was not Ng, et al. (2013) (222) Weak
associated with significant
differences in escitalopram
dose titration.
Clinical The S/S genotype was Kronenberg, et al. (2007) Weak
significantly associated with (234)
lower dose of escitalopram Huezo-Diaz, et al. (2009)
compared to the S/L genotype | (245)
but not the L/L genotype. Ng, et al. (2013) (222)
Clinical (GENDEP) The 5S-HTTLPR + rs25531 was | Huezo-Diaz, et al. (2009) Moderate
not associated with significant | (245)
differences in escitalopram
dose in patients with major
depression disorder.
Clinical The 5S-HTTLPR + rs25531 was | Najjar, et al. (2015) (248) Weak
not associated with significant
differences in escitalopram
dose in patients with autism.
Clinical (Star*D) The 5-HTTLPR was not Kronenberg, et al. (2007) Moderate
associated with significant (234)
differences in treatment Mrazek, et al. (2009) (238)
discontinuation in patients Huezo-Diaz, et al. (2009)
receiving es-/citalopram. (245)
Clinical (GENDEP) The 5S-HTTLPR + rs25531 was | Huezo-Diaz, et al. (2009) Moderate

not associated with significant
differences in treatment

(245)
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discontinuation in patients
receiving escitalopram.

Clinical The S/S or S/L  genotype was | Hu, ef al. (2007) (249) Weak
significantly associated with Kronenberg, et al. (2007)
increased adverse effect (234)
burden compared to L/L Kellner, et al. (2008) (244)
genotype in patients receiving | Huezo-Diaz, ef al. (2009)
es-/citalopram. (245)
Maron, et al. (2009) (250)
Basu, et al. (2015) (251)
Oz, et al. (2020) (252)
Clinical The LA allele was Hu, et al. (2007) (249) Moderate
significantly associated with Huezo-Diaz, et al. (2009)
reduced adverse effect burden | (245)
in patients receiving es- Maron, et al. (2009) (250)
/citalopram. Perroud, et al. (2009) (253)
Lanctot, et al. (2010) (237)
Garfield, et al. (2014) (247)
Clinical In patients with depression Arias, et al. (2003) (242) Weak

receiving es-/citalopram: The
S/L + L/L or L/L only
genotype was significantly
associated with better response
(MADRS, HAMD), better and
faster response (BDI)
compared to the S/S genotype
(19567893, 24130607,
24014145).

Hu, et al. (2007) (249)
Kraft, et al. (2007) (240)
Margoob, et al. (2008) (254)
Lavretsky, et al. (2008) (255)
Huezo-Diaz, et al. (2009)
(245)

Maron, et al. (2009) (250)
Lewis, et al. (2011) (256)
Won, et al. (2012) (257)
Sahraian, et al. (2013) (258)
Ng, et al. (2013) (222)
Poland, et al. (2013)

Ng, et al. (2013) (222)
Shiroma, et al. (2014) (239)
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Basu, et al. (2015) (251)
Tatham, et al. (2017) (259)
Mandal, et al. (2020) (260)
Brunoni, et al. (2020)

Clinical In patients with depression Arias, et al. (2003) (242) Weak
receiving es-/citalopram: The | Kraft, ef al. (2007) (240)
L/L genotype was significantly | Hu, et al. (2007) (249)
associated with greater Mrazek, et al. (2009) (238)
remission (QIDS-C16, Alexopoulos, et al. (2009)
HAMD) compared to the S/S + | (261)
S/L genotype (18618621, Won, et al. (2012) (257)
19375170, 14624186). Poland, et al. (2013) (262)
Shiroma, et al. (2014) (239)
Basu, et al. (2015) (251)
Kang, et al. (2016) (263)
Clinical The S/L + L/L genotype was Huezo-Diaz, et al. (2009) Weak
significantly associated with (245)
better response (MADRS, Sahraian, et al. (2013) (258)
BDI) compared to the S/S
genotype in male but not
female patients with
depression receiving es-
/citalopram.
Clinical The L/L genotype was Ng, et al. (2013) (222) Weak
significantly associated with
better response (HAMD)
compared to the S/S + S/L
genotype in female but not
male patients with depression
receiving escitalopram.
Clinical The S/S genotype was Keers, et al. (2011) (264) Weak

significantly associated with
less response to escitalopram
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(MADRS) compared to the
S/L + L/L genotype in subjects
with at least one stressful life
event, but not in those who
reported no stressful life
events.

Clinical (Star*D)

The L/L genotype was
significantly associated with a
greater remission rate
compared S/S + S/L genotype
in patients taking citalopram
with first depression episode at
age 56 years or later but not in
patients with earlier disease
onset.

Shiroma, ef al. (2014) (239)

Weak

Clinical

The L/L genotype was
significantly associated with
greater decrease in MADRS
scores between 3 months and 6
months but not over the entire
treatment and lower MARDS
scores at 6 months compared
to S/S + S/L genotype in
patients with major depression
and alcohol dependence
receiving escitalopram.

Muhonen, et al. (2011) (265)

Weak

Clinical

In patients with generalized
anxiety disorder receiving
escitalopram: For response
(CGI-I score <2) over time, a
logistic regression including
age, sex, time, CYP2C19
phenotype (normal or

Strawn, et al. (2020) (104)

Weak
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intermediate), HTR2A (G/G vs
G/A or A/A), and SLC6A4
(S/S vs S/L or L/L) found that
greater response was
significantly associated with
having at least one long allele
of SLC6A4 (P = 0.005), being
an intermediate CYP2C19
metabolizer (P=015), and
having a G/G diplotype for the
HTR2A rs6311 allele.

Clinical

The S/S + S/L genotype was
significantly associated with
decreased HADS anxiety
scores and increased Mini-
MAC anxious preoccupation
scores compared to the L/L
genotype in cancer patients
receiving escitalopram.

Schillani, et al. (2011) (266)

Weak

Clinical

The S/L + L/L genotype was
significantly associated better
response (CGI-I, PSWQ) in
patients with generalized
anxiety disorder receiving
escitalopram versus placebo
but no significant differences
in response to escitalopram
versus placebo in patients with
the S/S genotype.

Lenze, et al. (2010) (267)

Weak

Clinical

The LA/LA genotype was
significantly associated with
better response (yes: HAMD,
MADRS; no: QIDS-C16,

Hu, et al. (2007) (249)
Maron, et al. (2009) (250)
Mandal, et al. (2020) (260)

Weak
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MADRS) compared to non-
LA/LA genotypes in patients
with depression receiving es-
/citalopram.

Clinical

Carriers of the LA allele were
significantly associated with
greater remission (yes:
HAMD:; no: QIDS-C16) and
lower HAMD exit scores
compared to non- carriers of
the LA alleles in patients with
depression receiving es-
/citalopram.

Hu, et al. (2007) (249)
Alexopoulos, et al. (2009)
(261)

Weak

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in response (RBS-
R-CRS or ABC-CV-IRR over
6 weeks' time) in patients with
autism receiving escitalopram.
The S/S genotype was
significantly associated with
greater reduction in irritability
symptoms (ABC-CV-IRR)
over first 3 weeks compared to
non-S/S genotype.

Najjar, et al. (2015) (248)

Weak

Clinical (GENDEP)

The S/S (S=S or LG)
genotype showed less response
(MADRS) to escitalopram
compared to the S/LA +
LA/LA genotype in subjects
with at least one stressful life
event, but not in those who

Keers, et al. (2011) (264)

Weak
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reported no stressful life
events.

Clinical

Patients with generalized
anxiety disorder receiving
escitalopram versus placebo,
with one or two LA alleles had
a significantly better response
(CGI-I, PSWQ) but no
significant differences in
response to escitalopram
versus placebo in patients
without the LA allele.

Lenze, et al. (2010) (267)

Weak

Clinical

The was 5S-HTTLPR + rs25531
not associated with significant
differences in response-drug
concentration interaction in
patients with generalized
anxiety disorder receiving
escitalopram.

Lenze, et al. (2010) (267)

Weak

Clinical (Star*D)

The rs25531 variant was not
associated with significant
differences in response (QIDS-
CR16, QIDS-SR, MADRS) in
patients with depression
receiving es-/citalopram.

Kraft, et al. (2007) (240)
Maron, et al. (2009) (250)
Shiroma, et al. (2014) (239)

Moderate

Clinical

The VNTR intron 2 was not
associated with significant
differences in response
(HAMD, QIDS-CR16,
MADRS) in patients with
depression receiving es-
/citalopram.

Huezo-Diaz, et al. (2009)
(245)

Keers, et al. (2011) (264)
Ng, et al. (2013) (222)
Shiroma, et al. (2014) (239)

Moderate
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Clinical

The VNTR intron 2 was not
associated with significant
differences in remission
(HAMD, QIDS-C16) in
patients with depression
receiving es-/citalopram.

Mrazek, et al. (2009) (238)
Shiroma, et al. (2014) (239)
Kang, et al. (2016) (263)

Moderate

Clinical (GENDEP)

The VNTR intron 2 was not
associated with significant
differences in response
(MADRS) - stressful life
events interaction in patients
with depression receiving
escitalopram.

Keers, et al. (2011) (264)

Moderate

Clinical (GENDEP)

Neither the inclusion of
1s25531 or rs2020933 to 5-
HTTLPR provided an
advantage over single marker
analysis in patients with
depression receiving
escitalopram.

Huezo-Diaz, et al. (2009)
(245)

Weak

Clinical

In patients with autism
receiving escitalopram: The
least reduction (baseline to last
visit) in ABC-CV Irritability
scores was found in the group
of subjects with S/S genotype
who did not have the
1s2020936-rs2020937 TT/TT
haplotype.

Owley, et al. (2010) (268)

Weak

Clinical (GENDEP)

The VNTR intron 4 was not
associated with significant
differences in response

Keers, et al (2011) (264)
Huezo-Diaz, et al. (2009)
(245)

Moderate
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(MADRSY) in patients receiving
escitalopram.

Clinical (GENDEP)

Subjects with at least one
stressful life event and
homozygous for STin4 shorter
alleles (5-7 repeats) were
significantly associated with
less response (MADRS) to
escitalopram, but not in those
who reported no stressful life
events.

Keers, et al. (2011) (264)

Weak

Clinical

The rs2020933 T allele was
associated with better response
(yes: MADRS; no: QIDS-SR,
MADRS) compared to the A
allele in patients with
depression receiving es-
/citalopram.

Kraft, et al. (2007) (240)
Huezo-Diaz, et al. (2009)
(245)

Keers, et al. (2011) (264)

Weak

Clinical (GENDEP)

The 52066713, 1s2020939,
rs8076005, rs2020942,
5140700, rs4583306,
15140701, rs4325622,
rs3813034 variants were not
associated with significant
differences in response
(MADRS) in patients with
depression receiving
escitalopram.

Huezo-Diaz, et al. (2009)
(245)
Keers, et al. (2011) (264)

Moderate

Clinical (GENDEP)

The rs2020933, rs2066713,
rs2020939, rs8076005,
rs2020942, rs140700,
rs4583306, rs140701,
rs4325622, rs3813034 variants

Keers, et al. (2011) (264)

Weak
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were not associated with
significant differences in
response (MADRS) - stressful
life event interaction in
patients with depression
receiving escitalopram.

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in attentional
performance (digit span
scores) in older adults with
generalized anxiety disorder
receiving escitalopram.

Lenze, et al. (2013) (269)

Weak

Fluvoxamine

Clinical

The 5-HTTLPR was not
associated with significant
differences in fluvoxamine
plasma levels.

Smeraldi, ez al. (1998) (270)
Di Bella, et al. (2002) (271)
Yoshida, et al. (2002) (272)
Kato, et al. (2005) (273)

Moderate

Clinical

The VNTR intron 2 was not
significantly associated with
differences in fluvoxamine
plasma levels.

Tto, et al. (2002) (274)

Weak

Clinical

Significant time - genotype
interaction was found with the
YBOCS compulsion scores but
not with the YBOCS obsession
scores in patients receiving
fluvoxamine. Considering
patients without tic disorder
co-diagnosis, a significant time
- genotype interaction for both
YBOCS total scores and
compulsion scores was found.

Di Bella, et al. (2002) (271)

Weak
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Clinical

The L allele was significantly
more effective compared to the
S allele but no significant
difference was found for the
genotype comparison S/S vs
S/L + L/L in patients receiving
fluvoxamine. Significant
improvement with respect to
poor emotional expression was
observed in the L allele, and
with respect to flighty eye
movements and delayed
speech or peculiar or
inappropriate speech with the
S allele.

Sugie, et al. (2005) (275)

Weak

Clinical

Subjects with L/L genotype
that were not exposed to
stressful life events at onset
showed better response
(HAMD) compared to exposed
subjects with the L/L genotype
in patients receiving
fluvoxamine. Subjects with the
S/S + S/L genotype showed
the poorest outcome,
particularly if they had been
exposed to stressful life events.

Mandelli, et al. (2009) (276)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in treatment
discontinuation in patients
receiving fluvoxamine.

Kato, et al. (2006) (277)

Weak
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Clinical

The 5-HTTLPR was not
associated with significant
differences in total side effects
or nausea in patients receiving
fluvoxamine.

Takahashi, et al. (2002) (278)
Kato, et al. (2006) (277)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in nausea in
patients receiving
fluvoxamine.

Takahashi, et al. (2002) (278)

Weak

Clinical

The S/L + L/L genotype was
significantly associated with
better response (yes: HAMD;
no: MADRS) compared to the
S/S genotype in patients with
depression receiving
fluvoxamine.

Smeraldi, et al. (1998) (270)
Yoshida, ef al. (2002) (272)
Kato, et al. (2006) (277)

Weak

Clinical

The S/L + L/ L genotype was
significantly associated with
better response (HAMD)
compared to the S/S genotype
in patients with depression
receiving fluvoxamine only but
not in patients receiving
fluvoxamine plus pindolol.

Smeraldi, et al. (1998) (270)

Moderate

Clinical

The S/S or S/L genotype was
significantly associated with
less response (HAMD)
compared to the L/L genotype
and the S/S genotype was
associated with slower
decrease of the
symptomatology in patients

Zanardi, et al. (2001) (279)

Weak
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with major/bipolar depressive
disorder receiving
fluvoxamine.

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(YBOCS) in patients with
obsessive-compulsive disorder
receiving fluvoxamine.

Di Bella, et al. (2002) (271)

Weak

Clinical

The LA allele was
significantly associated with
better response (HAMD)
compared to non-LA
containing genotypes in
patients with depression
receiving fluvoxamine.

Kato, et al. (2015) (280)

Weak

Clinical

The S/S + S/LG genotype was
significantly associated with
less response (HAMD) in
patients receiving fluvoxamine
compared to receiving
paroxetine but no significant
differences in the LA allele
carrier (S/LA + LA/LA +
LA/LG).

Kato, et al. (2013) (281)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response
(MADRS) in patients with
depression receiving
fluvoxamine.

Ito, et al. (2002) (274)

Weak

Clinical

The 5-HTTLPR was not
associated with significant

Sugie, et al. (2005) (275)

Weak
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differences in the blood
serotonin level before and after
fluvoxamine treatment.

Fluoxetine

Clinical

The 5-HTTLPR was not
associated with significant
differences in treatment
discontinuation in patients
receiving fluoxetine.

Petlis, et al. (2003) (282)

Weak

Clinical

The S/S genotype was
significantly associated with
insomnia and agitation which
emerged earlier in treatment
and at lower dose compared to
the S/L + L/L genotype but no
significant association for the
total number of adverse effects
in patients receiving
fluoxetine.

Petlis, et al. (2003) (282)

Weak

Clinical

In patients with depression
receiving fluoxetine: The S/L
or L/L genotype was
significantly associated with
better response or remission
compared to the S/S + S/L
genotype in patients taking
fluoxetine.

Yu, et al. (2002) (283)

Perlis, et al. (2003) (282)
Peters, et al. (2004) (284)
Hong, et al. (2006) (285)
Manoharan, et al. (2016) (286)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(symptom severity rated with a
simple three-point system) in
patients with obsessive-

Billett, ez al. (1997) (287)

Weak
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compulsive disorder receiving
fluoxetine.

Clinical

The L/L genotype was
significantly associated with
better response (Overt
Aggression Scale-modified
total and Aggression subscale
but not Irritability and
Suicidality subscale) compared
to the S/S + S/L genotype in
patients with personality
disorder receiving fluoxetine.

Silva, et al. (2010) (288)

Weak

Clinical

The S/S was significantly
associated with less response
(MADRS) to fluoxetine
compared to the S/L + L/L
genotype in patients > 25 years
but not in patients under the
age of 25.

Joyce, et al. (2003) (289)

Weak

Clinical

The 5-HTTLPR + rs25531 was
not associated with significant
differences in response
(HAMD, MADRS) in patients
with depression receiving
fluoxetine.

Gudayol-Ferre, ef al. (2010)
(290)
Camarena, et al. (2019) (291)

Weak

Clinical

Carriers of the LA allele were
associated with greater
probability of being remitters
(HAMD) compared to non-
carriers of the LA allele in
patients with depression
receiving fluoxetine.

Gudayol-Ferre, ef al. (2012)
(292)

Weak
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Clinical

The rs25531 was not
associated with significant
differences in response (CGI-I)
in patients with depression
receiving fluoxetine.

Kraft, ef al. (2005) (293)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response
(HAMD, CGI-I) in patients
with depression receiving
fluoxetine.

Peters, et al. (2004) (284)
Hong, et al. (2006) (285)

Weak

Clinical

The haplotype containing
rs25531-A , HTTLPR-S, and
rs25533-T was more common
in responder, whereas the
haplotype containing rs25531-
G, HTTLPR-L, and rs25533-
C in nonresponder patients
with depression receiving
fluoxetine.

Kraft, ef al. (2005) (293)

Weak

Clinical

The rs25533, rs2020934,
152066713, rs2020936,
rs2020937, rs2020938,
rs2020939, rs25528, rs6354,
rs6355, 1s2020942, rs140699,
rs140700, rs717742, rs140701,
rs6353, rs1042173 variants
were not associated with
significant differences in
response (CGI-I) in patients
with depression receiving
fluoxetine.

Peters, et al. (2004) (284)

Weak
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Ex-vivo

The S/S genotype was
associated with decreased and
the L/L genotype with
increased SERT
immunoreactivity after
exposure to fluoxetine
compared with vehicle-treated
platelets.

Little, et al. (2006) (294)

Weak

Milnacipran

Clinical

The 5-HTTLPR was not
significantly associated with
differences in milnacipran
plasma levels.

Yoshida, ef al. (2004) (295)

Weak

Clinical

The VNTR intron 2 was not
significantly associated with
differences in milnacipran
plasma levels.

Yoshida, ef al. (2004) (295)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in nausea in

patients receiving milnacipran.

Higuchi, et al. (2009) (296)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in nausea or
excessive sweating in patients
receiving milnacipran.

Higuchi, et al. (2009) (296)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(MADRS) or remission
(MADRY) in patients with

Yoshida, ef al. (2004) (295)

Weak
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depression receiving
milnacipran.

Clinical The 5-HTTLPR + rs25531 was | Kato, et al. (2015) (280) Weak
not associated with significant
differences in response
(HAMD) in patients with
depression receiving
milnacipran.
Clinical The VNTR intron 2 was not Yoshida, et al. (2004) (295) Weak
associated with significant
differences in response or
remission (MADRS) in
patients with depression
receiving milnacipran.
Mirtazapine
Clinical The VNTR intron 2 was not Popp, et al. (2006) (297) Weak
associated with significant
differences in response (CGI
item 2) (cohort with > 50% of
patients taking mirtazapine).
Paroxetine
Clinical The S/S genotype was Pollock, et al. (2000) (298) Weak
significantly associated with Zanardi, et al. (2000) (299)
lower paroxetine plasma levels | Murphy, et al. (2004) (300)
compared to the S/L or L/L Kato, et al. (2005) (273)
genotype. Perna, et al. (2005) (301)
Lotrich, et al. (2008) (302)
Yoshimura, et al. (2009) (303)
Clinical The S/S genotype was Murphy, et al. (2004) (300) Weak

significantly associated with a

Perna, ef al. (2005) (301)
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lower final daily paroxetine
dose compared to the S/L or
L/L genotype.

Yoshimura, et al. (2009) (303)

Clinical

Severe depression at baseline
(HAMD > 25 or MADRS
>31), high frequency of low
activity genotypes (not
specified) in nonresponder
compared with the responder
patients receiving paroxetine
(yes: HAMD, no: MADRS).
High frequency of low activity
alleles in nonresponder
patients (HAMD, MADRS).

Camarena, et al. (2019) (291)

Weak

Clinical

The S/S + S/L genotype was
associated with significantly
greater risk of discontinuation
compared to the L/L genotype
in depressive patients receiving
paroxetine.

Murphy, et al. (2004) (300)

Moderate

Clinical

The 5-HTTLPR was not
associated with significant
differences in treatment
discontinuation in depressive
patients receiving paroxetine.

Kato, et al. (2006) (277)
Aoki, et al. (2014) (304)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in treatment
discontinuation in panic
disorder patients receiving
paroxetine.

Aoki, et al. (2014) (304)
Watanabe, et al. (2017) (305)

Weak

Clinical

The S/S genotype was
significantly associated with

Murphy, et al. (2004) (300)
Kato, et al. (2006) (277)

Weak
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more severe adverse events
compared to the L/L genotype
in patients receiving

Tanaka, et al. (2008) (306)
Murata, et al. (2010) (307)
Perroud, et al. (2011) (308)

paroxetine. Murata, et al. (2013) (309)
Clinical The VNTR intron 2 was not Murata, et al. (2010) (307) Weak
associated with significant
differences in paroxetine
discontinuation syndrome.
Clinical In patients with depression Zanardi, et al. (2000) (299) Moderate
receiving paroxetine: The L/L. | Pollock, et al. (2000) (298)
or S/L genotype were Murphy, et al. (2004) (300)
associated with a faster Kato, et al. (2006) (277)
response compared to the S/S | Bozina, ef al. (2008) (310)
genotype (11027924). Yoshimura, et al. (2009) (303)
Tomita, et al. (2014) (311)
Clinical Paroxetine plasma Tomita, et al. (2014) (311) Moderate
concentration was significantly
negatively correlated with
improvement in MADRS score
at week 6 in patients with the
S/S but not the S/L + L/L
genotype.
Clinical Higher paroxetine plasma Lotrich, et al. (2008) (302) Weak
concentration was significantly
correlated with increased
improvement in HAMD scores
at week 2 (early response) in
patients with the S/S + S/L but
not L/L genotype.
Clinical The S/S + S/L genotyped Lotrich, et al. (2008) (302) Weak

improved more slowly
compared to the L/L genotype
when acute paroxetine levels
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were < 60 ng/mL, at higher
concentrations, all genotypes
responded similarly in patients
with depression.

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(YBOCS) in patients with
obsessive-compulsive disorder
receiving paroxetine.

Denys, et al. (2007) (312)

Moderate

Clinical

The 5-HTTLPR was not
associated with significant
differences in response (CGI-I
score at week 2, PAS score) in
patients with panic disorder
receiving paroxetine.

Ishiguro, et al. (2011) (313)
Watanabe, et al. (2017) (305)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in remission (CGI-
S) in patients with panic
disorder receiving paroxetine.

Watanabe, et al. (2017) (305)

Weak

Clinical

In panic disorder patients with
the S/S genotype a significant
negative correlation between
the reduction in PAS score and
paroxetine plasma
concentration was found but
not with the S/L genotype.

Sacki, et al. (2009) (314)
Ishiguro, et al. (2011) (313)

Weak

Clinical

The S/L and L/L genotype was
significantly associated with
better response (PASS)
compared to the S/S genotype
only in female patients with

Perna, ef al. (2005) (301)

Moderate
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panic disorder receiving
paroxetine. Absence of panic
attacks was significantly more
frequent among L/L compared
to S/L and S/S and no panic
attacks after paroxetine
treatment were also
significantly more associated
with L allele.

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in response
(HAMD) in patients with
depression receiving
paroxetine.

Rubhe, ef al. (2009) (315)
Kato, et al. (2015) (280)

Weak

Clinical

The S/S genotype was
significantly associated with
better response (HAMD) and
greater remission (HAMD) to
paroxetine than fluvoxamine
treatment but no significant
difference in response or
remission in the S/L genotype.

Kato, et al. (2005) (273)

Weak

Clinical

The S/S genotype was
significantly associated with
better response (HAMD) and
greater remission (HAMD)
compared to the S/L + L/L
genotype with second switch
therapy but not associated with
significant differences in
response or remission with
initial antidepressant or

Wilkie, et al. (2009) (316)

Weak
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paroxetine therapy in patients
with unipolar depression.

Clinical

The 12/12 genotype was
significantly associated with
lack of response or remission
(HAMD) compared to non-
12/12 genotypes with the
initial antidepressant therapy
and not associated with
significant differences in
response with the second
switch therapy or paroxetine
treatment in patients with
unipolar depression.

Wilkie, et al. (2009) (316)

Weak

Clinical

The L/L +9 or 10/9 or 10
haplotype and the S/S + 12/12
haplotype are more frequent in
non-responder when each is
compared to all other
haplotypes in patients with
depression receiving
paroxetine.

Bozina, et al. (2008) (310)

Weak

Clinical

The non-LA/LA genotypes
were significantly associated
with increased bleeding time,
while the bleeding time did not
increase in LA/LA patients
receiving paroxetine. Patients
without the LA allele showed
significant decrease in
serotonin and increase in PFA-
ADP, PFA-EPI and platelet
PF4 after 6 and 12 weeks of

Abdelmalik, et al. (2008) (317)

Weak
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paroxetine treatment compared
to carriers with one or two LA
alleles. But no differences in
platelet serotonin levels
between non-LA/LA and
LA/LA genotypes.

Clinical

The 5-HTTLPR was not
associated with significant
differences in PFA-closure
time, frequency of bruising and
mild spontaneous bleeding
events in subjects receiving
paroxetine.

Hougardy, et al. (2008) (318)

Weak

Clinical

Higher diencephalon SERT
occupancy was associated with
larger proportional HAMD
score decreases in LA/LA
genotype or LA allele carrier
in patients receiving
paroxetine. Higher midbrain
SERT occupancy in LA/LA
carriers was associated with
larger proportional HAMD
score decreases.

Rubhe, ef al. (2009) (315)

Weak

Clinical

The 9 or 10/9 or 10 (non-12
allele) genotype was
significantly associated with
lower HAMD scores from the
fourth week of paroxetine
treatment compared to 9 or
10/12 or 12/12 genotype but no
significant differences between
the genotype or allele

Bozina, et al. (2008) (310)

Weak
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frequencies and non-
/responders (HAMD).

Clinical

The 5-HTTLPR was not
associated with significant
differences in mean
pretreatment SERT availability
and mean SERT occupancies
after 6 weeks of treatment in
the midbrain or diencephalon
in patients receiving
paroxetine. The LA/LA
genotype was associated with a
higher percentage of subjects
reaching midbrain occupancies
of >= 80% compared to non-
LA/LA genotypes.

Rubhe, ef al. (2009) (315)

Weak

Sertraline

Clinical

The 5-HTTLPR was not
significantly associated with
differences in sertraline plasma
levels.

Ng, et al. (2006) (319)

Weak

Clinical

The S/S genotype was
significantly associated with
lower sertraline dose compared
to the S/L + L/L genotype.

Ng, et al. (2006) (319)
Reimbherr, et al. (2010) (320)

Weak

Clinical

The VNTR intron 2 was not
significantly associated with
differences in sertraline dose.

Nishioka, ef al. (2013) (321)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in treatment
discontinuation in depressive
patients receiving sertraline.

Reimbherr, et al. (2010) (320)

Weak
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Clinical The S/S + S/L genotype was Mushtaq, et al. (2012) (322) Weak
associated with higher dropout
rate compared to the L/L
genotype in posttraumatic
stress disorder patients
receiving sertraline.
Clinical The L allele was significantly | Ng, ef al. (2006) (319) Weak
associated with reduced Reimherr, et al. (2010) (320)
adverse effect burden Brunoni, et al. (2013) (323)
compared to the S allele in Saiz-Rodriguez, et al. (2018)
patients/subjects receiving (173)
sertraline. Oz, et al. (2020) (252)
Clinical The 5-HTTLPR + rs25531 was | Poweleit, et al. (2019) (176) Weak
not associated with significant
differences in total number of
side effects in patients
receiving sertraline.
Clinical The VNTR intron 2 was not Saiz-Rodriguez, et al. (2018) Weak
associated with significant (173)
differences in side effects
(suffering at least one ADR) in
patients receiving sertraline.
Clinical The 5-HTTLPR was not Durham, et al. (2004) (324) Weak

associated with significant
differences in response (BDI,
HAMD, MADRS, CGI-I,
MPS) in patients with
depression receiving sertraline.

Ng, et al. (2006) (319)
Dogan, et al. (2008) (325)
Reimbherr, et al. (2010) (320)
Umene-Nakano, ef al. (2010)
(326)

Brunoni, et al. (2013) (323)
Nishioka, et al. (2013) (321)
Gulfishan, et al. (2022)(327)
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Clinical

The 5-HTTLPR was not
associated with significant
differences in remission (MPS)
in patients with depression
receiving sertraline.

Reimbherr, et al. (2010) (320)

Weak

Clinical

The S/S genotype was
significantly associated with
better response (MPS, HAMD)
and greater remission (MPS)
compared to the S/L + L/L
genotype in patients receiving
combined sertraline and
atomoxetine but not in patients
with sertraline/placebo
treatment.

Reimbherr, et al. (2010) (320)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in mADCS-CGIC
or CSDD scores or remission
of depression based on a
combination of mADCS-CGIC
or CSDD scores in patients
with Alzheimer Disease
receiving sertraline.

Peters, et al. (2011) (328)

Weak

Clinical

The L/L genotype was
significantly associated with
decreased HADS anxiety,
Mini-MAC hopelessness-
helplessness and anxious
preoccupation scores and
increased fighting spirit score
of Mini-MAC compared to the

Schillani, ez al. (2008) (329)

Weak
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S/S + S/L genotype in cancer
patients receiving sertraline.

Clinical

The 5-HTTLPR was not
associated with being a
predictor of 10-week change in
LSAS in patients with social
anxiety disorder receiving
sertraline.

Stein, ef al. (2014) (330)

Weak

Clinical

The S/L + L/L genotype and
the L/L genotype showed
significant association with
better response (PDSS)
compared to the S/S genotype
and the S/S +S/L genotype,
respectively, in patients with
panic disorder receiving
sertraline.

Zou, et al. (2020) (331)

Moderate

Clinical

The L/L genotype was
significantly associated with
better and faster response
(CAPS, IEP, CGI) compared
to S/S and S/L genotype in
patients with posttraumatic
stress disorder receiving
sertraline. No differences
between S/S and S/L
genotypes.

Mushtag, ef al. (2012) (322)

Moderate

Clinical

Predicted expression levels for
SLC6A4 were not significantly
associated with time to
response or proportion of
responders in patients with

Poweleit, et al. (2019) (176)

Moderate
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anxiety and depressive
disorders receiving sertraline.

Clinical

The 12/12 genotype was
significantly associated with
less response (yes: HAMD; no:
HAMD, CGI-I) compared to
the 10/12 genotype in patients
with depression receiving
sertraline.

Dogan, et al. (2008) (325)
Nishioka, et al. (2013) (321)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response (PDSS)
in patients with panic disorder
receiving sertraline.

Zou, et al. (2020) (331)

Weak

Clinical

The rs140701 variant was not
associated with significant
differences in response (PDSS)
in patients with panic disorder
receiving sertraline.

Zou, et al. (2020) (331)

Weak

Clinical

The rs3813034 variant was not
associated with significant
differences in response (PDSS)
in patients with panic disorder
receiving sertraline.

Zou, et al. (2020) (331)

Weak

Clinical

Patients with lower predicted
levels of expression were
treated with sertraline longer
than those with higher
predicted levels of expression.

Poweleit, et al. (2019) (176)

Weak

Clinical

The 5-HTTLPR did not
moderate findings on mood
and personality measurements

Simmons, et al. (2011) (332)

Weak
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in healthy subjects receiving
sertraline.

Venlafaxine

Clinical

The combined plasma level of
venlafaxine + O-desmethyl
venlafaxine was elevated
compared to standard range in
a subject with S/L genotype.

Leibsetseder, et al. (2019)
(333)

Weak

Clinical

In high VEN + ODV serum
concentration (201-400
ng/mL), good response (CGI-I
1 or 2) was lacking in patients
with the LA/LA genotype but
was observed in more than half
of the individuals with non-
LA/LA genotypes but no
significant association in
patients with low (<200
ng/mL)- and supra (> 400
ng/mL)- serum concentrations.

Proft, et al. (2014) (334)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in side effects
(TSES) in patients receiving
venlafaxine.

Lee, et al. (2010) (335)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in side effects
(TSES) in patients receiving
venlafaxine.

Lee, et al. (2010) (335)

Weak

Clinical

The S/L + L/L genotype was
significantly associated with
better response (yes: BDI,

Min, et al. (2009) (336)
Lee, et al. (2010) (335)
Ng, et al. (2013) (222)

Weak
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MADRS, HAMA; no: BAI,
HAMD, CGI-I, CGI-S)
compared to the S/S genotype
in patients with depression
receiving venlafaxine.

Clinical (STAR*D)

The 5-HTTLPR was not
associated with significant
differences in remission
(QIDS-C16, HAMD) in
patients with depression
receiving venlafaxine.

Min, et al. (2009) (336)
Lee, et al. (2010) (335)
Ahmed, ef al. (2019) (184)

Weak

Clinical

The S/L genotype was
associated with better response
(YBOCS) (yes: non-
/responder, no: decrease in
score) compared to S/S or L/L
genotype in patients with
obsessive-compulsive disorder
receiving venlafaxine.

Denys, et al. (2007) (312)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(HAMD) in patients with
major/bipolar depressive
disorder receiving venlafaxine.

Kirschheiner, er al. (2007)
(337)

Weak

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in response or
remission (MADRS) or time to
remission in patients with
depression receiving
venlafaxine.

Marshe, et al. (2017) (338)

Moderate
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Clinical

The LA/LA genotype was
associated with better response
(HAMA, CGI-I) and greater
remission (HAMA; CGI-I)
compared to non-LA/LA
genotypes in patients with
generalized anxiety disorder
receiving venlafaxine.

Lohoff, et al. (2013) (339)

Moderate

Clinical

The LA/LA genotype was
significantly associated with
less response (CGI-I)
compared to non-LA/LA
genotypes in patients with
major/bipolar depressive
disorder receiving venlafaxine.

Proft, et al. (2014) (334)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response
(MADRS, HAMD, CGI-I,
CGI-S) in patients with
depression receiving
venlafaxine.

Min, et al. (2009) (336)
Lee, et al. (2010) (335)
Ng, et al. (2013) (222)
Marshe, et al. (2017) (338)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in remission
(QIDS-C16, HAMD,
MADRS) or time to remission
(MADRS) in patients with
depression receiving
venlafaxine.

Min, et al. (2009) (336)
Lee, et al. (2010) (335)
Marshe, et al. (2017) (338)
Ahmed, et al. (2019) (184)

Weak

Clinical

The rs6354 variant was not
associated with significant
differences in remission

Wu, et al. (2021) (340)

Weak
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(HAMD) in patients receiving
venlafaxine.

Clinical

The rs1487971 variant was not
associated with significant
differences in remission
(HAMD) in patients receiving
venlafaxine.

Wu, et al. (2021) (340)

Weak

SSRIs/SNRIs (combined analy

ses)

Clinical

The S/S (S/LG, LG/LG) or S/L
genotype was significantly
associated with increased risk
of general adverse events
compared to the L/L genotype
in patients receiving an SSRI.

Kato, et al. (2006) (277)
Hedenmalm, et al. (2006)
(341)

Smith, et al. (2007) (342)
Bishop, et al. (2009) (343)
Staeker, et al. (2014) (344)
Ramesh, et al. (2022)(345)

Weak

Clinical

Females receiving SSRI with
the L/L genotype were nearly
eight times more likely to be
categorized as having sexual
dysfunction when taking oral
contraceptive, while no
relationship was observed in
the group not taking oral
contraceptive.

Bishop, et al. (2009) (343)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in antidepressant-
induced mania in patients with

bipolar disorder receiving
SSRI + SNRI.

Frye, et al. (2015) (346)

Weak

Clinical

The 5-HTTLPR + rs25531 was

not associated with significant

Frye, et al. (2015) (346)

Weak
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differences in antidepressant-
induced mania in patients with
bipolar disorder receiving
SSRI + SNRI.

Clinical The S/S or S/L genotype was | Putzhammer, et al. (2005) Weak
significantly associated with (347)
higher risk of side effects Popp, et al. (2006) (297)
compared to the L/L genotype | Wilkie, et al. (2009) (316)
in patients receiving Strohmaier, et al. (2011) (348)
antidepressants. Staeker, et al. (2014) (344)
Clinical The 5-HTTLPR was not Baumer, et al. (2006) (349) Weak
associated with significant
differences in antidepressant-
induced mania in patients with
bipolar disorder.
Clinical (GENDEP) Younger (<=42) patients with | Strohmaier, ef al. (2011) (348) | Weak
S/S genotype receiving
antidepressants reported less
sexual dysfunction
(Antidepressant Side-Effect
Checklist item 12) compared
to older patients with the S/S
genotype.
Clinical The 12/12 genotype was Popp, et al. (2006) (297) Weak
significantly associated with Smits, et al. (2007) (342)
more moderate to severe side Bishop, et al. (2009) (343)
effects compared to the 9/12 + | Wilkie, et al. (2009) (316)
10/12 +9/10 + 10/10 genotype | Staeker, et al. (2014) (344)
in patients receiving SSRI. Ramesh, et al. (2022)(345)
Clinical The VNTR intron 2 was not Frye, et al. (2015) (346) Weak

associated with significant
differences in antidepressant-
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induced mania in patients
receiving SSRI + SNRI.

Clinical

The 5-HTTLPR-rs25531-
VNTR intron 2 haplotype was
not associated with significant
differences in moderate or
marked adverse effects
compared to the 5-
HTTLPR+rs25531 or VNTR
intron 2 individually in
patients receiving
antidepressants.

Staeker, et al. (2014) (344)

Weak

Clinical

The L-A-10 haplotype was
associated with reduced risk of
antidepressant-induced mania

in patients receiving SSRI +
SNRI.

Frye, et al. (2015) (346)

Weak

Clinical

The S/S or S/L +10/10
haplotype was significantly
associated with higher risk of
side effects compared to non-
S/S or S/L + 10/10 haplotypes
(L/L + 10/10 and S/S or S/L +
10/12 or 12/12 and L/L +
10/12 or 12/12) in patients
treated with predominantly
HTT-blocking antidepressants.

Popp, et al. (2006) (297)

Weak

Clinical

In patients with depression
receiving SSRI: The S/S + S/L
or S/S only genotype was
significantly associated with
better response compared with
the L/L genotype.

Kim, et al. (2000) (350)
Yu, et al. (2002) (283)
Serretti, et al. (2004) (351)
Kato, et al. (2006) (277)
Smits, et al. (2008) (352)
Min, et al. (2009) (336)

Weak
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114, et al. (2011) (353)
Myung, et al. (2013) (354)
Seripa, et al. (2015) (355)
Ramesh, et al. (2022)(345)

Clinical

The L/L genotype was
significantly associated with
greater remission (MADRS,
HAMD) rate compared to the

S/S or S/L genotype in patients

with depression receiving
SSRI.

Min, ef al. (2009) (336)
1lli, et al. (2011) (353)

Moderate

Clinical

The S/S + S/L genotype was
significantly associated with
nonresponse compared to the
L/L genotype in patients 44
years or younger receiving
SSRI but not in patients > 44
years.

Smits, et al. (2008) (352)

Weak

Clinical

The S/S + S/L genotype was
significantly associated with
nonresponse compared to the
L/L genotype in female
patients receiving SSRI.

Smits, et al. (2008) (352)

Weak

Clinical

The S/S genotype was
significantly associated with
less response (HAMD)
compared to the S/L + L/L
genotype in patients with
major/bipolar depressive
disorder receiving SSRI.

Serretti, et al. (2004) (356)
Kirschheiner, et al. (2007)
(337)

Moderate

Clinical

The 5-HTTLPR was not
associated with significant

Yevtushenko, et al. (2010)
(357)

Weak
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differences in response
(HADS, CGI, panic attack
frequency/month, Hospital
Anxiety) in patients with panic
disorder receiving SSRI.

Clinical

The S/S genotype was
significantly associated with
selective and slower
improvement of depressive
“core” and somatic anxiety
symptoms but in other
symptomatologic clusters such
as insomnia and motor
retardation compared to the
S/L + L/L genotype in patients
with mood disorder receiving
SSRI.

Serretti, et al. (2007) (358)

Moderate

Clinical

The S/S + S/L was
significantly associated with
less response (yes: >50%
decrease in the frequency of
binge—purging; no: YBC-EDS)
compared to the L/L genotype
in patients with bulimia
nervosa receiving SSRI.

Erzegovesi, et al. (2004) (359)
Monteleone, et al. (2005)
(360)

Weak

Clinical

The L/L genotype was
significantly associated with
greater remission (complete
absence of binge— purging)
compared to S/S + S/L
genotype in patients with

Monteleone, et al. (2005)
(360)

Weak
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bulimia nervosa receiving
SSRI.

Clinical

The S allele was associated
with poorer response (yes:
LSAS; no: CGI-C) compared
to the L allele in patients with
generalized social anxiety
disorder receiving SSRI.

Stein, ef al. (2006) (361)

Weak

Clinical

The 5-HTTLPR + rs25531 was
not associated with significant
differences in response or
remission (HAMD) in patients
with depression receiving
SSRI.

Dreimuller, et al. (2012) (362)

Weak

Clinical

Carriers of the LA allele with
low serum concentrations were
significantly associated with
lower remission (HAMD)
compared to high SSRI
concentrations but no
significant differences in
remission was found in S/LG
allele carriers or in response
(HAMD) comparing high and
low serum concentrations.

Dreimuller, et al. (2012) (362)

Weak

Weak

The S allele (S or LG) was
associated with less response
(yes: LSAS; no: CGI-C)
compared to the LA allele in
patients with generalized social
anxiety disorder receiving
SSRI.

Stein, ef al. (2006) (361)

Clinical
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Clinical

The genotypes without an LA
allele were significantly
associated with less response
(CGI-I, CGI-S, PD-S D-Scale)
compared to genotypes with
LA alleles in patients with
psychiatric diseases receiving
SSRI.

Staeker, et al. (2014) (344)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(MADRS) in patients with
depression receiving SSRI +
SNRI.

Takahashi, et al. (2017) (363)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(YBOCS) in patients with
obsessive-compulsive disorder
receiving SSRI + SNRI.

Denys, et al. (2007) (312)

Weak

Clinical

The LA/LA genotype was
significantly associated with
less response (HAMD) in
patients with depression
receiving SSRI + SNRI.

Kao, et al. (2018) (364)

Moderate

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(HAMD, CGlI item 2) in
patients with depression
receiving antidepressants.

Popp, et al. (2006) (297)
Kirschheiner, et al. (2007)
(337)

Weak
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Clinical

The S/S genotype was
significantly associated with
increased remission (BRMS)
rate under antidepressant-
lithium augmentation
compared to S/L or L/L
genotype.

Stamm, et al. (2008) (365)

Weak

Clinical

The 5-HTTLPR was not
associated with significant
differences in response
(symptom severity rated with a
simple three-point system) in
patients with obsessive-
compulsive disorder receiving
antidepressants.

Billett, ez al. (1997) (287)

Weak

Clinical

The S/S genotype was
significantly associated with a
lower frequency in responders
compared to S/L + L/L
genotype in female patients
(but not male) receiving
antidepressants.

Gressier, et al. (2009) (366)

Weak

Clinical

The 5S-HTTLPR + rs25531 was
not associated with significant
differences in response (CGI,
PD-S D-Scale scores) in
patients with psychiatric
diseases receiving
antidepressants.

Staeker, et al. (2014) (344)

Weak

Clinical

The 5-HTTLPR + rs25531 was
not associated with significant
differences in response or
remission (HAMD) in patients

Domschke, et al. (2014) (367)

Weak
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with depression receiving
antidepressants.

Clinical

In patients with depression
receiving SSRI: The 12/12
genotype was significantly
associated with better response
(HAMD) compared to non-
12/12 genotypes.

Kim, et al. (2000) (350)
Smits, et al. (2008) (352)
Min, et al. (2009) (336)
Ramesh, et al. (2022)(345)

Moderate

Clinical

The 12/12 genotype was
significantly associated with
greater remission (HAMD)
rate compared to the 10/10
+10/12 genotype in patients
with depression receiving
SSRI.

Min, et al. (2009) (336)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response (CGI,
PD-S D-Scale) in patients with
psychiatric diseases receiving
SSRI.

Staeker, et al. (2014) (344)

Weak

Clinical

The 12/12 and 10/12 genotype
was significantly associated
with less response compared to
the 10/10 genotype in patients
with depression receiving
SSRI + SNRI.

Takahashi, et al. (2017) (363)
Kao, et al. (2018) (364)

Weak

Clinical

The VNTR intron 2 was not
associated with significant
differences in response (CGI,
PD-S D-Scale) in patients with

Staeker, et al. (2014) (344)

Weak
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psychiatric diseases receiving
antidepressants.

Clinical

The L/L + 12/12 haplotype
was significantly associated
with the highest therapeutic
effect (HAMD) in patients
receiving SSRI.

Min, et al. (2009) (336)

Weak

Clinical

The S/S + 12/12 carrier had
high drug response rate in
patients receiving SSRI.

Kim, et al. (2000) (350)

Weak

Clinical

The rs140701 variant was not
associated with significant
differences in response
(HAMD) in patients with late-
life depression receiving SSRI.

Seripa, et al. (2015) (355)

Weak

Clinical

The rs3813034 variant was not
associated with significant
differences in response
(HAMD) in patients with
depression receiving SSRI.

Seripa, et al. (2015) (355)

Weak

Clinical

The rs3813034 variant was
significantly associated with
the HAMD score change at 6
weeks in patients with
depression receiving SSRI +
SNRI; (IVS9 A- 90G
(rs140701), G2356T
(rs1042173), G2563T
(rs3813034), and A3641C
(rs7224199) were in strong
LD).

Nonen, et al. (2016) (368)

Weak

Clinical

The rs56316081, rs199835170,
rs140699, rs60195519,

Nonen, et al. (2016) (368)

Weak
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rs141337922, rs140701,
rs6353, rs199990228, rs6352,
1513306796, rs1042173,
rs185569563, rs56143548,
rs7224199 variants were not
associated with significant
differences in response
(HAMD) in patients with
depression receiving SSRI
+SNRI.

Clinical

The magnitude of PINP
decrease was significantly
higher in participants receiving
antidepressants with the LA
allele. No effect on bone
resorption as measured by [3-
CTX change.

Garfield, et al. (2014) (369)
Rawson, et al. (2017) (370)

Weak

Ex-vivo

Platelet 5-HTT kinetics: The
L/L genotype was significantly
associated with lower median
Vmax compared to the S/S
genotype but no significant
differences in Km values.

Myung, et al. (2013) (354)

Weak

Clinical

The LA/LA genotype was
significantly associated with
increased 5-HTT mRNA level
in patients with depression
receiving SSRI + SNRI.

Kao, et al. (2018) (364)

Weak

Clinical

The S/S + S/LG + LG/LG
genotype was significantly
associated with longer
hospitalization compared the

Staeker, et al. (2014) (344)

Weak
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LA/LA + LA/LG genotype in
patients receiving SSRI.
Clinical The S allele was associated Lapid, et al. (2017) (371) Weak
with lower Z-scores at the hip
and spine in patients younger
than 50 years but not in older
patients with psychiatric
diagnoses receiving
antidepressants.

Clinical The 12 allele was significantly | Kao, ef al. (2018) (364) Moderate
associated with increased 5-
HTT mRNA level in patients
with depression receiving
SSRI + SNRI.

Clinical The VNTR intron 2 was not Staeker, et al. (2014) (344) Weak
associated with significant
differences in hospitalization
time in patients receiving
antidepressants.

ABC-CV-IRR: Aberrant Behavior Checklist--Community Version-irritability scale; BAI: Beck Anxiety Inventory; BDI: Beck
Depression Inventory; BRMS: Bech-Rafaelsen Mania Scale; CAPS: Clinician-Administered PTSD Scale; CDRS-R: Children's
Depression Rating Scale-Revised; CGI-I: Clinical Global Impression — Improvement scale; CGI-S: Clinical Global Impression-
Severity scale; ADR: Adverse drug reaction; CSDD: Cornell Scale for Depression in Dementia; HADS: Hospital Anxiety

and Depression Scale; HAMD: Hamilton Rating Scale for Depression; IES-R: Impact of Event Scale-Revised; LSAS: Liebowitz
Social Anxiety Scale; MADRS: Montgomery and Asberg Depression Rating Scale; mADCS-CGIC: Modified AD Cooperative Study-
Clinical Global Impression of Change; mini-MAC: Mini-Mental Adjustment to Cancer; MPS: Malingering Probability Scale; PD-S D-
scale: Paranoid Depression Scale, anxious-depressive symptoms, PDSS: Panic Disorder Severity Scale; PFA-ADP: Platelet Function
Assay-ADP; PFA-EPI: Platelet Function Assay-Epinephrine; PSWQ: Penn State Worry Questionnaire; QIDS, QIDS-SR, QIDS-C,
QIDS-C16: Quick Inventory of Depressive Symptomatology (QIDS) C=clinician rated, SR=self-rated, C19= clinician rated 16 items;
RBS-R-CRS: Ritualistic/ Sameness Behavior Subscale Scores; SCARED: Screen for Child Anxiety Related Disorders; SERT:
serotonin transporter; TSES: Toronto Side Effects Scale; YBOCS: Yale-Brown Obsessive Compulsive Scale; YBC-EDS: Yale-
Brown-Cornell Eating Disorders Scale; YBOCS: Yale-Brown Obsessive Compulsive Scale
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TABLE S4. EVIDENCE LINKING HTR2A GENOTYPE TO ANTIDEPRESSANT PHENOTYPE

Type of Experimental Major Findings References Level of Evidence
Model
In-vitro The rs6311-rs6313 CT-GA Smith, et al. (2013) (372) Moderate

genotype was associated with
allelic expression imbalance in
the extended 5' untranslated
regions. Samples with the rs6311-
rs6313 TT-AA genotype
expressed 2.5-fold less of the
upstream 5'UTR relative to
samples with the CC-GG
genotype.

In-vitro The 1576665058 AG genotype Smith, et al. (2013) (372) Weak
was associated with allelic
expression imbalance in the
extended 3' untranslated regions.
Samples with the rs76665058 G
allele expressed 1.6- to 2.7-fold
more mRNA than the A allele.
The rs76665058 G allele was
associated with 2.9-fold more
expression of the E2— splice
isoform mRNA compared to the

AA genotype.

Es-/citalopram

Clinical rs6311-rs6313 was not associated | Smith, ez al. (2013) (372) Weak
with side effects in patients Garfield, et al. (2014) (247)
receiving es-/citalopram. Amitai, et al. (2016) (373)

Demirbugen, et al. (2018) (374)
Oz, et al. (2020) (252)
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Clinical The rs7323441 variant was not Smith, et al. (2013) (372) Weak
associated with significant
differences in side effects
(including gastrointestinal) in
patients receiving citalopram.
Clinical rs6311- rs6313 was not associated | Choi, et al. (2005) (375) High
with significant differences McMahon, et al. (2006) (376)
in symptom improvement, Peters, et al. (2009) (377)
response, or remission in patients | Arias, et al. (2013)
receiving es-/citalopram. Smith, et al. (2013) (372)
Basu, et al. (2015) (251)
Su, et al. (2016) (378)
Kang, et al. (2016) (263)
Brunoni, et al. (2020) (379)
Clinical The rs6306 variant was not Peters, et al. (2009) (377) High
associated with significant
differences in response and
remission in patients receiving
citalopram.
Clinical The rs6314 variant was not Peters, et al. (2009) (377) Moderate
associated with significant
differences in response (QIDS-
SR) or remission (QIDS- SR) in
patients receiving citalopram.
Clinical The rs1928040 variant was not (STAR*D) Moderate
associated with significant McMahon, et al. (2006) (376)
differences in response (QIDS-C),
remission, (QIDS-C) or change in
QIDS-C scores in patients
receiving citalopram.
Clinical The rs3125 variant was not Peters, et al. (2009) (377) Moderate

associated with significant
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differences in response (QIDS-
SR) or remission (QIDS- SR) in
patients receiving citalopram.

Clinical The 157997012 AA genotype was | McMahon, et al. (2006) (376) Weak
significantly associated with Paddock, et al. (2007) (380)
increased response and remission | Peters, et al. (2009) (377)
in patients receiving citalopram Uher, et al. (2009) (381)
but not in patients receiving Su, et al. (2016) (378)
escitalopram. Brunoni, et al. (2020) (379)
Clinical The rs7323441 variant was not Smith, et al. (2013) (372) Moderate
associated with significant
differences in change in QIDS
scores in patients receiving
citalopram.
Clinical The rs9316233 (minor allele C) Uher, et al. (2009) (381) Moderate
and rs2224721 (minor allele T)
variants significantly predicted
response to escitalopram.
Clinical The rs7997012 variant was not Su, et al. (2016) (378) Weak
associated with significant
differences in remission (HAMA)
or change in HAMA scores in
patients receiving escitalopram.
Clinical The 157997012 variant was not Najjar, et al. (2015) (248) Weak

associated with significant
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differences in RBS-R-CRS and
ABC-CV-IRR score over time in
patients with autism receiving
escitalopram.

Clinical The rs7997012 variant was not Najjar, et al. (2015) (248) Weak
associated with significant
differences in escitalopram dose
over time in patients with autism.

Clinical The rs6311-rs6313 TT-AA + CT- | Lenze, et al. (2013) (269) Weak
GA genotypes were significantly
associated with reduced attention
as measured by the digit span in
patients receiving escitalopram
compared to placebo.

Clinical Greater response to escitalopram | Strawn, et al. (2020) (104) Weak
over time was significantly
associated with having at least
one long allele of SLC6A44 5-
HTTLPR, being an intermediate
CYP2C19 metabolizer, and
having a CC-GG genotype for
rs6311-rs6313.

Clinical rs6311- rs6313 was not associated | Su, et al. (2016) (378) Moderate
with significant differences in
remission (HAMA) or HAMA
scores over time in patients
receiving escitalopram.

Clinical The rs6314 variant was not Brasch-Anderson, et al. (2011) Weak
associated with significant (382)
differences in response on
neuropathic pain in patients
receiving escitalopram

Duloxetine
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Clinical

The rs7997012 variant was not
associated with significant
differences in change in HAMD
scores in patients receiving
duloxetine.

Perlis, et al. (2009) (383)

Weak

Clinical

The rs7997012 variant was not
associated with significant
differences in changes in sitting
diastolic blood pressure in
patients receiving duloxetine.

Fijal, et al. (2013) (384)

Weak

Clinical

The rs6314 variant was not
associated with significant
differences in changes in sitting
diastolic blood pressure in
patients receiving duloxetine.

Fijal, et al. (2013) (384)

Weak

Clinical

rs6311-rs6313 was not associated
with significant differences in
changes in sitting diastolic blood
pressure in patients receiving
duloxetine.

Fijal, et al. (2013) (384)

Weak

Clinical

The rs1928040 variant was not
associated with significant
differences in change in HAMD
scores in patients receiving
duloxetine.

Perlis, et al. (2009) (383)

Weak

Clinical

The rs1923884 variant was not
associated with significant
differences in change in HAMD
scores in patients receiving
duloxetine.

Perlis, et al. (2009) (383)

Weak

Clinical

The rs9534505 variant was not
associated with significant
differences in change in HAMD

Perlis, et al. (2009) (383)

Weak
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scores in patients receiving
duloxetine.

Clinical

The rs2760351 variant was not
associated with significant
differences in change in HAMD
scores in patients receiving
duloxetine.

Perlis, et al. (2009) (383)

Weak

Fluoxetine

Clinical

The 157997012 GG genotype was
significantly associated with
better improvement based on
CGI-S score changes and
remission as compared to the AG
and AA genotype changes in
patients receiving fluoxetine.

Gasso, et al. (2018) (385)

Weak

Clinical

The 157997012 GG genotype was
not significantly associated with
differences in recovery or
improvement based on CDI or
GAF/CGAS score changes in
patients receiving fluoxetine.

Gasso, et al. (2018) (385)

Weak

Clinical

The rs7997012 variant was not
associated with significant
differences in categorical
response (CGI-I <=2) or time to
response in patients receiving
fluoxetine.

Troy, et al. (2020) (148)

Weak

Clinical

The rs7997012 variant was not
associated with significant
differences in readmission in
patients receiving fluoxetine.
However, the rs7997012 GG
genotype showed a trend of fewer

Gasso, et al. (2018) (385)

Weak
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readmissions compared to the AG
+ AA genotypes.

Clinical

The rs7997012 variant was not
associated with significant
differences in the number of
suicide attempts in patients
receiving fluoxetine.

Gasso, et al. (2018) (385)

Weak

Clinical

rs6311- rs6313 was not associated
with significant differences in
response, remission, or recovery
in patients receiving fluoxetine.

Peters, et al. (2004) (284)
Hong, et al. (2006) (285)
Gasso, et al. (2018) (385)

Moderate

Clinical

rs6311-rs6313 CC-GG genotype
was significantly associated with
faster response (GCI-1 <=2)
compared to the CT-AG + TT-
AA genotypes in patients
receiving fluoxetine.

Troy, et al. (2020) (148)

Weak

Clinical

The rs6305 variant was not
associated with significant
differences in response (CGI-I),
specific response vs nonspecific
response or specific response vs
nonspecific response and
nonresponse in patients receiving
fluoxetine.

Peters, et al. (2004) (284)

Weak

Clinical

The rs6314 variant was
significantly associated with
specific response vs nonspecific
response in patients receiving
fluoxetine (risk allele and
direction not specified) but not
with differences in response

Peters, et al. (2004) (284)

Weak
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(CGI-]) or specific response vs
nonspecific response and
nonresponse.

Clinical

The rs3125 variant was
significantly associated with
specific response vs nonspecific
response in patients receiving
fluoxetine (risk allele and
direction not specified) but not
with differences in response
(CGI-]) or specific response vs
nonspecific response and
nonresponse.

Peters, et al. (2004) (284)

Moderate

Clinical

The rs17288723 variant was not
associated with significant
differences in remission or
recovery in patients receiving
fluoxetine.

Gasso, et al. (2018) (385)

Weak

Clinical

The rs7333412 variant was not
associated with significant
differences in remission (non-
/remitter) or recovery (non-
/recovered) in patients receiving
fluoxetine.

Gasso, et al. (2018) (385)

Weak

Clinical

The rs1923882 variant was not
associated with differences in
response, remission, or recovery
in patients receiving fluoxetine.

Peters, et al. (2004) (284)
Gasso, et al. (2018) (385)

Weak

Clinical

The rs7322347 variant was not
associated with significant
differences in remission or
recovery in patients receiving
fluoxetine.

Gasso, et al. (2018) (385)

Weak

CPIC Guideline for CYP2D6, CYP2C19, CYP2B6, SLC6A4, and HTR2A Genotypes and Dosing of Antidepressants — Supplement v2.0

109



Fluvoxamine

Clinical

rs6311-rs6313 was not associated
with side effects during
fluvoxamine treatment.

Yoshida, et al. (2003) (386)
Kato, et al. (2006) (277)
Suzuki, et al. (2006) (127)

Weak

Clinical

rs6311- rs6313 was not associated
with significant differences in
response (YBOCS) in patients
with obsessive-compulsive
disorder receiving fluvoxamine.

Sina, et al. (2018) (387)

Weak

Clinical

The rs6311-rs6313 CC-GG
genotype was significantly
associated with better
improvement (percent HAMD
score reduction) compared to CT-
GA + TT-AA genotypes

Kato, et al. (2006) (277)

Weak

Clinical

rs6311-rs6313 was not
significantly associated with
differences in response in patients
with major depressive disorder
receiving fluvoxamine.

Sato, et al. (2002) (388)
Kato, et al. (2006) (277)

Moderate

Clinical

The rs6311-rs6313 CC-GG
genotype was significantly
associated with lower
fluvoxamine plasma levels
compared to the CT-GA + TT-
AA genotypes.

Sato, et al. (2002) (388)
Yoshida, ef al. (2003) (386)
Kato, et al. (2006) (277)

Weak

Milnacipran

Clinical

rs6311-rs6313 was not associated
with significant differences of

Higuchi, et al. (2009) (296)

Weak
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nausea or sweating in patients
receiving milnacipran.

Clinical

rs6311-rs6313 was not associated
with significant differences in
response (MADRS), remission
(MADRS), or the time-course of
MADRS scores in patients
receiving milnacipran.

Yoshida, ef al. (2004) (295)

Weak

Clinical

rs6311-rs6313 was not associated
with significant differences in
milnacipran plasma
concentration.

Yoshida, ef al. (2004) (295)

Weak

Paroxetine

Clinical

The rs6311-rs6313 CC-GG
genotype was significantly
associated with greater severity of
side effects and treatment
discontinuation compared to the
CT-GA + TT-AA genotypes in
patients receiving paroxetine.

Murphy, et al. (2003) (168)
Kato, et al. (2006) (277)
Tanaka, et al. (2008) (306)
Wilkie, et al. (2009) (316)

Weak

Clinical

rs6311-rs6313 was not associated
with significant differences in
discontinuation syndrome after
paroxetine treatment.

Murata, et al. (2010) (307)

Weak

Clinical

The rs6314 variant was not
associated with significant
differences in side effects in
patients receiving paroxetine after
a failed treatment with an
antidepressant.

Wilkie, et al. (2009) (316)

Weak

Clinical

The rs6311-rs6313 CC-GG
genotype was associated with
response (YBOCS). The rs6311-

Denys, et al. (2007) (312)

Weak
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rs6313 CC-GG genotype was
significantly associated with a
greater decrease on the YBOCS
compared to CT-GA + TT-AA
genotypes in patients receiving
paroxetine.

Clinical

rs6311- rs6313 was not associated
with significant differences in
response, remission, or symptom
improvement in patients receiving
paroxetine.

Kato, et al. (2006) (277)
Wilkie, et al. (2009) (316)

Moderate

Clinical

rs6311-rs6313 was not associated
with significant differences in
paroxetine plasma levels.

Murphy, et al. (2003) (168)
Kato, et al. (2006) (277)

Moderate

Clinical

The rs6314 GA genotype was
significantly associated with
being a responder (HAMD) and
remitter (HAMD) in patients
receiving paroxetine after failed
antidepressant treatments.

Wilkie, et al. (2009) (316)

Missing

Sertraline

Clinical

The rs7997012 variant was not
associated with significant
differences in the total number of
side effects in patients receiving
sertraline.

Poweleit, et al. (2019) (176)

Weak

Clinical

rs6311-rs6313 was not associated
with side effects in patients
receiving sertraline.

Demirbugen, et al. (2018) (374)
Saiz-Rodriguez, et al. (2018) (173)
Poweleit, et al. (2019) (176)

Oz, et al. (2020) (252)

Weak
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Clinical

The rs7997012 variant was not
associated with maximum
sertraline dose or time to the
average maximum sertraline dose.

Poweleit, et al. (2019) (176)

Weak

Clinical

The rs7997012 variant was not
associated with time to response
in patients receiving sertraline.

Poweleit, et al. (2019) (176)

Weak

Clinical

rs6311-rs6313 was not associated
with significant differences in
mADCS-CGIC or CSDD score or
remission (mADCS-CGIC,
CSDD) in patients receiving
sertraline.

Peters, et al. (2011) (328)

Weak

Clinical

rs6311-rs6313 was not associated
with significant differences in
response (PDSS) in patients
receiving sertraline.

Zou, et al. (2020) (331)

Moderate

Clinical

rs6311-rs6313 was not associated
with significant differences in
change in LSAS score in patients
receiving sertraline.

Stein, ef al. (2014) (330)

Moderate

Clinical

The rs6311-rs6313 TT-AA + CT-
GA genotypes were significantly
associated with higher maximum
sertraline dose and higher
sertraline dose at response
compared to the CC-GG
genotype.

Poweleit, et al. (2019) (176)

Weak

Clinical

rs6311-rs6313 was significantly
associated with time to the
average maximum sertraline dose,
with patients with the TT-AA
genotype requiring fewer days

Poweleit, et al. (2019) (176)

Weak
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and with the CC-GG genotype
more days.

Clinical

rs6311-rs6313 was not associated
with significant differences in
time to response in patients
receiving sertraline.

Poweleit, et al. (2019) (176)

Weak

Clinical

The rs3742278 variant was not
associated with significant
differences in change in LSAS
score in patients receiving
sertraline.

Stein, ef al. (2014) (330)

Weak

Venlafaxine

Clinical

The rs7997012 GG + GA
genotypes were significantly
associated with greater HAMA
score reduction, greater response
(HAMA), and improvement
(CGI) and treatment outcome
over time based on HAMA score
compared to the AA genotype in
patients receiving venlafaxine.

Lohoff, et al. (2013) (389)

Weak

Clinical

The 157997012 GG + GA
genotypes were not significantly
associated with differences in
remission (HAMA) in patients
receiving venlafaxine. Patients
with the 17997012 GG + GA
genotypes had significantly lower
in HAMD scores compared to the
AA genotype at 6 months.

Lohoff, et al. (2013) (389)

Weak

Clinical

rs6311- rs6313 was not associated
with significant differences in
response, remission, time-to-

Marshe, et al. (2017) (338)
Yuan, et al. (2018) (390)

Moderate
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remission, or symptom
improvement in patients receiving
venlafaxine.

Clinical

rs6311-rs6313 was not associated
with significant differences in
response (YBOCS) or changes in
YBOCS score in patients
receiving venlafaxine.

Denys, et al. (2007) (312)

Weak

Clinical

1s9567746 was not associated
with significant differences in
remission (MADRS), time to
remission, response across time
points, percentage change in
MADRS score in patients
receiving venlafaxine.

Marshe, et al. (2017) (338)

Weak

Clinical

152274639 was not associated
with significant differences in
remission (MADRS), time to
remission, response across time
points, percentage change in
MADRS score in patients
receiving venlafaxine.

Marshe, et al. (2017) (338)

Moderate

SSRIs, SNRIs, and/or any antidepressant (studies analyzing SSRI, SNRIs, or all antidepressants a

s a class)

Clinical

The 157997012 AA genotype was
significantly associated with more
side effects compared to the GA
+ GG genotypes in patients
receiving SSRIs, SNRIs, or TCAs
without antipsychotics.

Staeker, et al. (2014) (344)

Weak

Clinical

The 157997012 AA genotype was
significantly associated with more
side effects compared to the GA

Staeker, et al. (2014) (344)

Weak
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+ GG genotypes in patients
SSRIs.

Cinical

rs6311-rs6313 was not associated
with significant differences in risk
of fetal congenital heart
abnormality when prenatal
exposed to SSRI or SNRI.

Daud, et al. (2017) (391)

Weak

Clinical

The rs6311-rs6313 TT-AA
genotype was significantly more
prevalent in the sexual
dysfunction group in male
patients receiving SSRI or SNRI.

Liang, et al. (2012) (392)

Weak

Clinical

The rs6311-rs6313 CC-GG
genotype was significantly
associated with decreased odds
for dizziness and increased odds
for poor concentration, while the
rs6311-rs6313 CT-GA genotype
was significantly associated with
increased odds for excessive
sweating, diarrhea, constipation,
and blurred vision in patients
receiving SSRIs.

Badamasi, et al. (2021) (393)

Weak

Clinical

The rs6311-rs6313 CC-GG
genotype was significantly
associated with increased
likelihood of sexual dysfunction
compared to the CT-GA + TT-
AA genotypes in patients
receiving SSRIs.

Bishop, et al. (2006) (394)
Masiran, et al. (2013) (395)
Masiran, et al. (2014) (396)
Shultz, et al. (2021) (397)

Weak

Clinical

rs6314 was not associated with
significant differences in risk of
fetal congenital heart abnormality

Daud, et al. (2017) (391)

Weak

CPIC Guideline for CYP2D6, CYP2C19, CYP2B6, SLC6A4, and HTR2A Genotypes and Dosing of Antidepressants — Supplement v2.0

116



when prenatal exposed to SSRIs
or SNRIs.

Clinical

rs1928040 was not associated
with significant differences in risk
of fetal congenital heart
abnormality when prenatal
exposed to SSRIs or SNRIs.

Daud, et al. (2017) (391)

Weak

Clinical

rs7997012 was not associated
with significant differences in
response, remission, or symptom
improvement in patients receiving
antidepressants.

1114, et al. (2009) (398)
Horstmann, et al. (2010) (399)
Kishi, et al. (2010) (400)
Viikki, et al. (2011) (401)
Staeker, et al. (2014) (344)

Moderate

Clinical

Better response after citalopram,
fluoxetine, paroxetine or ECT
treatment was more clearly
detected in male patients who had
both GA genotype at rs7997012
and TT-AA genotype for rs6311-
rs6313.

Viikki, ez al. (2011) (401)

Weak

Clinical

rs6311- rs6313 was not associated
with significant differences in
response, remission, or symptom
improvement in patients receiving
antidepressants.

Viikki, et al. (2011) (401)
Qesseveur, et al. (2016) (402)

Weak

Clinical

rs6311- rs6313 was not associated
with significant differences in
response (YBOCS, Sheehan
Disability Scale) in patients
receiving antidepressants.

Corregiari, et al. (2012) (403)

Weak

Clinical

rs6311- rs6313 was associated
with significant differences in
response or remission in patients
receiving SSRIs.

Cusin, et al. (2002) (404)
1114, et al. (2009) (398)
Kishi, et al. (2010) (400)
Li, et al. (2012) (405)

Weak
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Noordam, et al. (2015) (406)
Dong, et al. (2016) (407)
Badamasi, et al. (2021) (393)
Sun, et al. (2021) (408)

Clinical

The rs6311-rs6313-rs1928040 C-
G-A haplotype was significantly
less prevalent and the C-G-G
haplotype was significantly more
prevalent with response (SIGH-
D) in patients receiving
fluvoxamine, sertraline, or
paroxetine.

Kishi, et al. (2010) (400)

Moderate

Clinical

rs1928040 was not associated
with significant differences in
response or remission in patients
receiving fluvoxamine, sertraline,
or paroxetine.

Kishi, et al. (2010) (400)

Weak

Clinical

rs6306 was not associated with
significant differences in response
(HAMD) or time-course of
response but patients with the AA
genotype had significant higher
HAMD scores at baseline and
after 6 weeks of fluvoxamine or
paroxetine treatment as compared
to GG and GA genotypes.

Cusin, et al. (2002) (404)

Moderate

Clinical

The rs6305 GG genotype was
significantly more frequent
among the non-responders vs
responders (YBOCS) in patients
receiving fluoxetine,
fluvoxamine, citalopram,

Corregiari, et al. (2012) (403)

Moderate
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sertraline, paroxetine, or
clomipramine.

Clinical

rs6305 was not associated with
significant differences in response
(HAMD) in patients receiving
citalopram, paroxetine, or
sertraline.

Li, et al. (2012) (405)

Moderate

Clinical

rs6314 was not associated with
significant differences in response
(HAMD), remission (HAMD),
HAMD score, or percentage of
HAMD improvement from
baseline in patients receiving
antidepressants (mainly SSRI and
SNRI).

Qesseveur, et al. (2016) (402)

Moderate

Clinical

The rs17288723 CC genotype
was significantly associated with
change in HAMD score over time
and remission but not with
differences in response (HAMD)
in patients receiving
antidepressants.

Horstmann, et al. (2010) (399)

Moderate

Clinical

The 157333412 GG genotype was
significantly associated with
higher HAMD scores, lower
percentage of HAMD
improvement from baseline, and
lower response compared to AA
+ AG genotypes but not with
differences in remission (HAMD)
in patients receiving
antidepressants (mainly SSRI and
SNRI).

Qesseveur, et al. (2016) (402)

Moderate
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Clincal

rs7333412 was associated with
response (%AHAMD, binary) and
remission (HAMD score, binary)
in patients receiving paroxetine,
citalopram, escitalopram, and
fluoxetine.

Kao, et al. (2020) (409)

Weak

Clinical

rs1923882 was associated with
remission (HAMD score, binary)
but not response (Y%oAHAMD,
binary) in patients receiving
paroxetine, citalopram,
escitalopram, and fluoxetine.

Kao, et al. (2020) (409)

Weak

Clinical

The rs3803189 GT + GG
genotypes were significantly
associated with greater likelihood
of response (HAMD) compared
to the TT genotype in patients
receiving escitalopram,
fluvoxamine, fluoxetine, or
sertraline.

Sun, et al. (2021) (408)

Weak

Clinical

rs3803189 was associated with
response (%AHAMD, binary) and
remission (HAMD score, binary)
in patients receiving paroxetine,
citalopram, escitalopram, and
fluoxetine.

Kao, et al. (2020) (409)

Weak

Clinical

157322347 was associated with
remission (HAMD score, binary)
but not response (Y%oAHAMD,
binary) in patients receiving
paroxetine, citalopram,
escitalopram, and fluoxetine.

Kao, et al. (2020) (409)

Weak
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Clinical

1517289304 was not associated
with significant differences in
response (HAMD) or remission
(HAMD) in patients receiving
fluoxetine, paroxetine,
citalopram, or sertraline.

Dong, et al. (2016) (407)

Weak

aSee Level of Evidence section for definitions. ABC-CV-IRR: Aberrant Behavior Checklist--Community Version-irritability scale;
CGI: Clinical Global Impression — Improvement scale; CSDD: Cornell Scale for Depression in Dementia; ECT: Electroconvulsive
therapy; CGI-I: Clinical Global Impressions-Improvement, CDI: Children’s Depression Inventory, GAF: Global Assessment of
Functioning, CGAS: Children’s Global Assessment Scale, HAMD: Hamilton Rating Scale for Depression; LSAS: Liebowitz Social
Anxiety Scale; MADRS: Montgomery and Asberg Depression Rating Scale; mADCS-CGIC: Modified AD Cooperative Study-
Clinical Global Impression of Change; PDSS: Panic Disorder Severity Scale; QIDS, QIDS-SR, QIDS-C: Quick Inventory of
Depressive Symptomatology (QIDS) C=clinician rated, SR=self-rated; RBS-R-CRS: Ritualistic/ Sameness Behavior Subscale Scores;
SIGH-D: Structured Interview Guide for the Hamilton Depression Rating Scale; YBOCS: Yale-Brown Obsessive Compulsive Scale
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TABLE S5. METABOLISM OF ANTIDEPRESSANTS INCLUDED IN THIS GUIDELINE

Drug Enzyme(s) Active Less active/inactive PharmGKB pathway
involved in major | compound/metabolite metabolite
metabolic
pathway
Citalopram/ | CYPCI19 Citalopram/Escitalopram | N-desmethylcitalopram/N- | https://www.pharmgkb.org/
Escitalopram desmethylescitalopram pathway/PA164713429
Duloxetine CYP1A2 Duloxetine 4-hydroxyduloxetine https://www.pharmgkb.org/
pathway/PA166255221
Fluoxetine CYP2D6 Fluoxetine/S- https://www.pharmgkb.org/
norfluoxetine pathway/PA161749012
CYP2D6/CYP2C9 R-norfluoxetine
Fluvoxamine | CYP2D6 Fluvoxamine Fluvoxamine acid https://www.pharmgkb.org/
chemical/PA449690
Levomilnaci | CYP3A4 Levomilnacipran Desethyl levomilnacipran,
pran p-hydroxy-levomilnacipran
Milnacipran | glucuronidation Milnacipran l-milnacipran carbamoyl-O-
glucuronide
Paroxetine CYP2D6 Paroxetine Paroxetine catechol https://www.pharmgkb.org/
pathway/PA166121347
Sertraline CYP2C19 Sertraline N-desmethylsertraline https://www.pharmgkb.org/
CYP2B6 Sertraline N-desmethylsertraline pathway/PA166181117
Venlafaxine | CYP2D6 Venlafaxine/O- N-desmethylvenlafaxine https://www.pharmgkb.org/
desmethylvenlafaxine pathway/PA166014758
Desvenlafaxi | CYP2C19, Desvenlafaxine N,O-didesmethyl https://www.pharmgkb.org/
ne CYP3A4 venlafaxine pathway/PA166014758
Vilazodone | CYP3A4 Vilazodone Oxidative metabolites
Vortioxetine | CYP2D6 Vortioxetine Vortioxetine Benzoic acid https://www.pharmgkb.org/

pathway/PA 166255301
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TABLE S6. DOSING RECOMMENDATION FOR FLUOXETINE BASED ON CYP2D6 PHENOTYPE

Phenotype Implication Therapeutic Classification of Considerations
Recommendation Recommendation

CYP2D6 Ultrarapid Increased metabolism of No action recommended based | No

metabolizer fluoxetine and decreased on genotype for fluoxetine recommendation

fluoxetine:norfluoxetine ratio
as compared to normal
metabolizers. There is a lack
of evidence supporting the
clinical impact of decreased
fluoxetine:norfluoxetine
ratio. The extent to which
ultrarapid metabolizers
phenoconvert to normal,
intermediate, or poor

metabolizers due to

because of minimal evidence
regarding the impact on

efficacy or side effects.
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fluoxetine and norfluoxetine

inhibition of CYP2D6 is

unclear.

CYP2D6 Normal

metabolizer

Normal metabolism. The
extent to which normal
metabolizers phenoconvert to
intermediate or poor
metabolizers due to
fluoxetine and norfluoxetine
inhibition of CYP2D6 is

unclear.

Initiate therapy with

recommended starting dose.

Strong

CYP2D6 Intermediate

metabolizer

Decreased metabolism of

fluoxetine and increased

fluoxetine:norfluoxetine ratio

but similar total active

No action recommended based
on genotype for fluoxetine

because of minimal evidence

No

recommendation
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enantiomer concentrations regarding the impact on
compared to normal efficacy or side effects.
metabolizers. There is a lack
of evidence supporting the
clinical impact of increased
fluoxetine:norfluoxetine
ratio. The extent to which
intermediate metabolizers
phenoconvert to poor
metabolizer due to fluoxetine
and norfluoxetine inhibition

of CYP2D6 is unclear.
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CYP2D6 Poor

metabolizer

Decreased metabolism of
fluoxetine to active
metabolites and greatly
increased
fluoxetine:norfluoxetine ratio
but similar total active
enantiomer concentrations
compared to normal
metabolizers. There is a lack
of evidence supporting the
clinical impact of increased
fluoxetine:norfluoxetine

ratio.

No action recommended based
on genotype for fluoxetine
because of minimal evidence
regarding the impact on

efficacy or side effects.

No

recommendation
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TABLE S7. DOSING RECOMMENDATIONS FOR CITALOPRAM AND ESCITALOPRAM BASED ON HTR2A4

GENOTYPE
Genotype Implications Recommendations Classification of Considerations
recommendation®
rs6311G; Mixed evidence for the No action recommended based | No Some meta-analyses show a
rs6313C effect of genetic on genotype for recommendation small but statistically
variability on citalopram/escitalopram significant antidepressant
citalopram/escitalopram because of insufficient class association with
response, remission or evidence supporting clinical response, remission or side
side effects. use. effects but there remains a
lack of clarity regarding how
to translate this into clinical
action.
rs7997012G | Mixed evidence for the No action recommended based | No Some meta-analyses show a
effect of genetic on genotype for recommendation statistically significant small
variability on citalopram/escitalopram to medium antidepressant
citalopram/escitalopram because of insufficient class association with
response or remission. evidence supporting clinical response or remission but
use. there remains a lack of clarity
regarding how to translate this
into clinical action.
Other variants | No effect or insufficient No action recommended based | No
evidence for on genotype for recommendation

escitalopram/citalopram
response, remission or
side effects.

citalopram/escitalopram
because of insufficient
evidence supporting clinical
use.
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TABLE S8. DOSING RECOMMENDATIONS FOR FLUOXETINE, FLUVOXAMINE, PAROXETINE, SERTRALINE,
DULOXETINE, VENLAFAXINE, DESVENLAFAXINE, VILAZODONE, VORTIOXETINE, LEVOMILNACIPRAN AND
MILNACIPRAN BASED ON HTR24 GENOTYPE

remission or side effects.

insufficient evidence
supporting clinical use.

Genotype Implications Recommendations Classification of Considerations
recommendation?®
rs6311G; Weak to no evidence for | No action recommended based | No Some meta-analyses show a
rs6313C the effect of genetic on genotype because of recommendation statistically significant small
variability on response, insufficient evidence antidepressant class
remission or side effects. | supporting clinical use. association with response or
remission but there remains a
lack of clarity regarding how
to translate this into clinical
action.
rs7997012G | Weak to no evidence for | No action recommended based | No Some meta-analyses show a
the effect of genetic on genotype because of recommendation statistically significant small
variability on response or | insufficient evidence to medium antidepressant
remission. supporting clinical use. class association with
response or remission but
there remains a lack of clarity
regarding how to translate this
into clinical action.
Other variants | No effect or insufficient No action recommended based | No
evidence for response, on genotype because of recommendation
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TABLE S9. DOSING RECOMMENDATIONS FOR SLC644 AND CITALOPRAM, ESCITALOPRAM, FLUOXETINE,
FLUVOXAMINE, PAROXETINE, SERTRALINE, DULOXETINE, VENLAFAXINE, DESVENLAFAXINE,
VILAZODONE, VORTIOXETINE, LEVOMILNACIPRAN AND MILNACIPRAN

Genotype

Implications

Recommendations

Classification of
recommendation?

Considerations

SHTTLPR L

Mixed evidence for the
effect of genetic
variability on SSRI
response, remission, or
side effects.

No action recommended based
on genotype for SSRIs because
of insufficient evidence
supporting clinical use.

No
recommendation

Some meta-analyses show a
small-to-medium and
statistically significant SSRI
antidepressant class
association with increased
response, increased remission,
or decreased side effects in
persons of European descent.
These findings do not appear
to be generalizable across
other population groups. The
impact of these associations
with SSRI dose are unclear.
There are insufficient data to
confirm the presence or
absence of an SLC6A4
genotype association with
non-SSRI response,
remission, or side effects.
There remains a lack of clarity
regarding how to translate this
into clinical action.

Intron 2
VNTR 12
repeat

Mixed evidence for the
effect of genetic
variability on SSRI
response or remission.

No action recommended based
on genotype for SSRI because
of insufficient evidence
supporting clinical use.

No
recommendation
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Other variants | No effect or insufficient
evidence for SSRI
response, remission, or
side effects.

No action recommended based
on genotype for SSRIs because
of insufficient evidence
supporting clinical use.

No
recommendation
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TABLE S10. META-ANALYSES OF EVIDENCE LINKING GENETIC VARIATION TO ANTIDEPRESSANT

PHENOTYPES

Major Findings

References

CYPs

Meta-analysis included 147 subjects from 3 studies (20 healthy-single dose and 127 patients - 3
studies above). CYP2B6 PMs had increased mean sertraline blood levels compared to NMs.

Parikh, et al. (2022) (175)

Meta-analysis included 1262 subjects from 4 studies. CYP2C19 PMs had significantly increased
exposure to escitalopram compared to NMs.

Milosavljevié, et al. (2020) (410)

Meta-analysis included 146 subjects from 6 studies. CYP2D6 IMs had significantly increased
exposure to fluvoxamine compared to NMs.

Milosavljevié, et al. (2020) (410)

Meta-analysis included 41 subjects from 3 studies (IM vs NM) and 73 subjects from 2 studies
(PM vs NM). CYP2D6 IMs and CYP2D6 PMs had significantly increased exposure to
paroxetine compared to NMs.

Milosavljevié, et al. (2020) (410)

Meta-analysis included 917 subjects from 3 studies (IM vs NM) and 577 subjects from 2 studies
(PM vs NM). CYP2C19 IMs and CYP2C19 PMs had significantly increased exposure to
sertraline compared to NMs.

Milosavljevié, et al. (2020) (410)

Meta-analysis included 8 studies with a total 716 patients (less per each compared parameter).
CYP2D6 PMs, CYP2D6 IMs, and IMs + PMs had significant venlafaxine exposure increases
compared to CYP2D6 NMs.

Milosavljevié, et al. (2020) (410)

Meta-analysis included a total 14 studies with a total 1035 patients and healthy subjects (less per
each compared parameter). CYP2D6 PMs (AS0) or IMs (AS0.5-1) had a significantly higher
Cmax of venlafaxine than NMs (AS2). PMs also had higher Cmax than IMs + NMs, while NMs
had a lower Cmax than IMs + PMs. CYP2D6 IMs had a significantly higher AUC of
venlafaxine than NMs, while PMs had only had a higher AUC compared to IMs + NMs not
NMs. PMs had higher stable venlafaxine serum concentration than IMs + NMs, while no
significant difference was observed between PMs and NMs and NMs compared to IMs + PMs.
No significant difference in T1/2 of venlafaxine was found for PMs vs NMs, IMs vs NMs, and
PMs vs IMs + NMs comparison. CYP2D6 PMs or IMs had a significant lower Cmax of O-
desmethylvenlafaxine than NMs. CYP2D6 PMs had a significant lower O-desmethylvenlafaxine
stable serum concentration than NMs or IMs + NMs. CYP2D6 PMs vs non-PMs were not
associated with HDRS17 or YBOCS response. CYP2D6 PMs showed a significant difference

Lin, et al. (2019) (411)
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for reduction of HDRS17 compared to non-PMs (one study). There was no association of the
overall rate of adverse events comparing CYP2D6 PMs with NMs + IMs.

Meta-analysis of GENDEP, STAR*D, PGRN-AMPS, GenPod cohort included analyses of 2558
patients for efficacy and 2037 patients for side effects analysis. CYP2C19 PMs (*2/*2) had
higher symptom improvement and remission rates compared to NMs (non-rs4244285 and
rs12248560 carrier) while taking (es)citalopram. No difference was seen in total side effect
burden, however in the initial weeks of treatment PMs had a higher risk for (es)citalopram side
effects such gastrointestinal, neurological or sexual side effects. (Es)Citalopram dose was not
different between the CYP2C19 phenotypes.

Fabbri, et al. (2018) (412)

Meta-analysis included a total 847 patients from psychiatric patient trials and 140 healthy
subjects from pharmacokinetic studies. CYP2C19 PMs (*2 or *3/*2 or *3) had increased
exposure to (es)citalopram by 95 %, IMs (*1/*2 or *3) by 30 %, IMs (*17/*2 or *3) by 25 %
compared to NMs (*1/*1). Subjects with CYP2C19*17/*17 had decreased exposure by 36 %
and CYP2C19*17/*1 by 14 % compared to NM (*1/*1).

Chang, et al. (2014) (413)

Meta-analysis with quantifiable vortioxetine plasma concentrations from 887 healthy subjects
with either single or multiple doses. CYP2D6 inferred phenotype on oral clearance was
identified as statistically significant covariate—parameter relationships. CYP2D6 PMs (AS0) had
about a 50% lower CL/F compared to NMs (AS1.5-2).

Areberg, et al. (2014) (414)

Meta-analysis with quantifiable vortioxetine plasma concentrations from 887 healthy subjects
with either single or multiple doses. CYP2C19 NMs had on average 1.4 times the CL/F of
CYP2C19 PMs.

Areberg, et al. (2014) (414)

HTR2A

Meta-analysis including 7 studies with a total 801 patients with major depressive disorder
receiving antidepressants. In this analysis, rs6313 G allele was considered as rs6311 C allele.
The rs6311-rs6313 CC-GG genotype was significantly associated with higher risk of side effects
(OR 1.91, CI: 1.32-2.78, P = 0.0006).

Kato, et al. (2010) (415)

Meta-analysis including 6 studies with a total 590 patients with major depressive disorder
receiving SSRIs (fluvoxamine, paroxetine, and various SSRIs). In this analysis, rs6313 G allele
was considered as rs6311 C allele. The rs6311-rs6313 CC-GG genotype was significantly
associated with higher risk of side effects (OR 2.33, CI: 1.53-3.56, P < 0.0001). Four studies
specified gastrointestinal symptom induced by SSRIs and the OR of gastrointestinal side effect
with 311 subjects was significant (OR 2.30, CI: 1.26—4.21, P = 0.007) in the same direction of
the total side effects.

Kato, et al. (2010) (415)
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Meta-analysis including 7 studies for treatment outcome with a total 1012 patients with major
depressive disorder receiving antidepressants. The outcome measures included HAMD
remission score change for HTR2A 102T/C (6 weeks), MADRS response score change for
HTR2A -1438A/G (6weeks), MADRS response score change for HTR2A -1438A/G (6 weeks),
HAMD response remission score change for HTR2A -1438A/G (4 weeks), HAMD response for
HTR2A 102T/C (4 weeks), HAMD response remission score change for HTR2A -1438A/G (6
weeks), HAMD response remission for HTR2A 102T/C (6 or more weeks). In this analysis,
156313 G allele was considered as rs6311 C allele. No significant association between rs6311-
rs6313 and treatment outcome was found (OR 1.06 CI: 0.78—1.44, P = 0.69).

Kato, et al. (2010) (415)

Meta-analysis including 4 studies for treatment outcome with a total 429 patients with major
depressive disorder receiving SSRIs (fluvoxamine, fluoxetine, citalopram, paroxetine). The
outcome measures included MADRS response score change for HTR2A -1438A/G (6 weeks),
HAMD response remission score change for HTR2A -1438A/G (4 weeks), HAMD response for
HTR2A 102T/C (4 weeks), and HAMD response remission score change for HTR2A -1438A/G
(6 weeks). In this analysis, rs6313 G allele was considered as rs6311 C allele. The rs6311-
156313 CC-GG genotype was marginal significantly associated with a favorable response
compared to CT-AG or TT-AA genotypes (OR 1.69 CI: 1.03-2.75, P = 0.04). The included
studies were in Asian population.

Kato, et al. (2010) (415)

Meta-analysis including 6 studies and the STAR*D data with a total of 2295 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs6311
variant (CC vs CT + TT) and antidepressant response in the whole sample. In studies including
Asians populations, the pooling CC and CT versus TT showed a weak association with response
(OR 1.66, 95%CI: 1.06-2.60, p = 0.03). Sensitivity analysis for rs6311 demonstrated that the
pooled OR was no more significant after the exclusion of each of two studies one at a time in the
Asian subgroup.

Niitsu, ef al. (2013) (416)

Meta-analysis including 3 studies and the STAR*D data with a total of 2082 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs6311
variant (CC vs CT + TT) and remission was found.

Niitsu, ef al. (2013) (416)

Meta-analysis including 7 studies and the STAR*D data with a total of 3140 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs6313
variant (GG + GA vs AA) and antidepressant response was found.

Niitsu, ef al. (2013) (416)
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Meta-analysis including 4 studies and the STAR*D data with a total of 2562 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs6313
variant (GG vs GA + AA) and remission was found.

Niitsu, ef al. (2013) (416)

Meta-analysis including 3 studies and the STAR*D data with a total of 2195 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs7997012
variant (GG vs GA + AA) and antidepressant response was found.

Niitsu, ef al. (2013) (416)

Meta-analysis including 5 studies and the STAR*D data with a total of 2704 subjects with major
depressive disorder receiving antidepressants. No significant association between the rs7997012
variant (GG vs GA + AA) and remission was found in the whole sample. In non-SSRIs/mixed
ADs subgroup, an association with remission was found in the pooling GG and GA versus AA
(OR 3.19, 95%CI: 1.57-6.46, p = 0.001), and in the pooling GG versus AA (OR 3.40, 95%CI:
1.69-6.85, p = 0.0006). Sensitivity analysis demonstrated that for rs7997012 in the genotype
pooling GG and GA versus AA was no more significant after the exclusion of one study.
However, the pooled OR in the GG versus AA comparison for rs7997012 continued to be
significant after exclusion of each single study.

Niitsu, ef al. (2013) (416)

Meta-analysis including 16 studies with a total of 1962 subjects with depression receiving SSRIs
or SNRIs. A significant relationship was found between rs6311 variant and higher treatment
response within the entire sample in the dominant genetic model (CC + CT vs TT: OR: 1.40,
95% CI: 1.12-1.76; P = 0.003).

Wan, et al. (2021) (417)

A statistically significant relationship was found between higher treatment response and rs6311
variant within the following stratified subgroups: MDD, Asian, > 4 weeks, and SSRIs.

Wan, et al. (2021) (417)

Meta-analysis including 6 studies with a total of 982 subjects with depression receiving SSRIs.
A significant relationship was found between rs6311 variant and higher remission within the
follow-up <4 weeks subgroup in the recessive genetic model (CC vs TT + CT: OR: 3.08, 95%
CI: 1.07-8.89; P = 0.04) and homozygote genetic model (CC vs TT: OR: 21.16, 95% CI: 1.12—
401.46; P =0.04).

Wan, et al. (2021) (417)

Meta-analysis including 11 studies with a total of 1372 subjects with depression receiving SSRIs
or SNRIs. A significant relationship was found between rs6311 variant and increased risks of
side-effects within the Caucasian subgroup in the recessive genetic model (CC vs TT + CT: OR:
1.81, 95% CI: 1.01-3.24; P = 0.05) and homozygote genetic model (CC vs TT: OR: 2.07, 95%
CIL: 1.17-7.52; P = 0.02).

Wan, et al. (2021) (417)

Meta-analysis including 12 studies with a total of 2713 subjects with depression receiving
antidepressants. A significant relationship was found between rs6313 variant and higher

Wan, et al. (2021) (417)
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treatment response within the following subgroups in the recessive genetic model (AA + AG vs
GG): SSRIs (OR: 1.31, 95% CI: 1.02—1.68; P = 0.04); >4 weeks (OR: 1.28, 95% CI: 1.00-1.62;
P =0.05).

Meta-analysis including 7 studies with a total of 1886 subjects with depression receiving
antidepressants. A significant relationship was found between rs6313 variant and lower
remission in the following subgroups in the recessive genetic model (AA + AG vs GG):
Caucasian (OR: 0.72, 95% CI: 0.53-0.98; P = 0.04); mixed depression (OR: 0.60, 95% CI:
0.40-0.88; P =0.009); mixed ADs (OR: 0.70, 95% 0.51-0.96; P = 0.03).

Wan, et al. (2021) (417)

Meta-analysis including 7 studies with a total of 804 subjects with depression receiving
antidepressants. A significant relationship was found between rs6313 variant and reduced risks
of side effects in the entire sample in the recessive genetic model (AA vs GG: OR: 0.54, 95%
CI: 0.29-0.99; P = 0.05) and homozygote genetic model (AA + AG vs GG: OR: 0.57, 95% CI:
0.4-0.83; P =0.003).

Wan, et al. (2021) (417)

Meta-analysis including 4 studies with a total of 678 subjects with depression receiving
antidepressants. No significant relationship was found between rs7997012 variant and response,
however the variant had a tendency to affect the response within the mixed ADs subgroup in the
homozygote model (GG vs AA OR: 2.29, 95% CI: 0.99-5.30; P = 0.05).

Wan, et al. (2021) (417)

Meta-analysis including 8 studies with a total of 1434 subjects with depression receiving
antidepressants. A significant relationship was found between rs7997012 variant and higher
remission in all three genetic models (GG vs AA + GA: OR: 1.30, 95% CI: 1.01-1.66; P = 0.04;
GA + GG vs AA: OR: 2.20, 95% CI: 1.53-3.16; P < 0.0001; GG vs AA: OR: 2.73, 95% CI:
1.78-4.17; P <0.00001). The statistically significant relationship between remission and the
variant was also identified in the following subgroups: Caucasian, MDD, mixed depression, and
mixed antidepressants.

Wan, et al. (2021) (417)

In one study with 229 subjects, no significant relationship was found between rs7997012 variant
and side effects in subjects with depression receiving sertraline.

Wan, et al. (2021) (417)

In a pairwise meta-analysis, the HTR2A variants were not associated with the efficacy of
antidepressants in major depression (rs7997012: GG + GA vs AA: OR = 1.75; 95% CI = 0.97—
3.17;1rs6313: GG + AG vs AA: OR =1.23; 95% CI = 0.92-1.64; rs6311: CC+ CT vs TT: OR =
1.20; 95% CI = 0.851.70). No significant association was identified from the subgroup analyses
by ethnicity (Asian or Caucasian). There was no pairwise meta-analysis of the rs6314 with only
two studies.

Du, et al. (2020) (418)
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SCL6A4

Pooled OR of nine studies of side-effects rate induced by antidepressants including 2642
subjects was significant with a reduced risk of side effects for the 5S-HTTLPR L allele (0.64, CI:
0.49-0.82, P = 0.0005). SSRIs only: Pooled OR of eight studies with 2323 subjects (0.58, CI:
0.45-0.77, P = 0.0001).

Kato, et al. (2010) (415)

In the Caucasians using SSRIs only (12 studies), carriers of the S-HTTLPR L/L or L/S genotype
were more likely to be responders compared to S/S carriers (L/L+L/S vs. S/S: OR=1.71, 95%CI
1.30-2.24, p=0.001; L/L vs. S/S: OR=1.94, 95%CI 1.42-2.66, p<0.001). No effects on response
or remission were found in the Asians or mixed/other groups.

Ren, et al. (2020) (419)

No significant associations were found between the S-HTTLPR + rs25531 triallelic
polymorphism and response (10 studies) or remission (5 studies) rates for all antidepressants.

Ren, et al. (2020) (419)

Seven studies comprising 535 participants showed S-HTTLPR L carriers had greater odds of
antidepressant response when compared to carriers of the S/S genotype (L/L+L/S vs. S/S: OR =
1.97,95% CI=1.27-3.05, p = 0.002). European only: L/L+L/S vs. S/S: OR =1.890, 95% CI =
1.19-2.98, p = 0.006. SSRIs only: L/L+L/S vs. S/S: OR = 1.899, 95% CI = 0.721-5.006, p =
0.194. Without rs25531: L/L+L/S vs. S/S: OR 1.879, 95%CI 1.157-3.050, p = 0.011 showed
similar results found in the full analysis.

Stein, et al. (2021) (420)

11 studies comprising 2737 individuals showed no significant associations between the three 5-
HTTLPR genetic models and antidepressant tolerability. SSRI only: L allele carriers reported
fewer ADRs relative to S/S carriers (L/L vs. S/S: OR = 0.59, 95% CI = 0.42-0.82, p = 0.002;
L/L+L/S vs. S/S: OR =0.64, 95% CI = 0.49-0.84, p = 0.001). European using SSRI: L carriers
reported fewer ADRs to S carriers (L vs. S: OR =0.79, 95% CI = 0.64-0.99, p = 0.045; LL/LS
vs. SS: OR =0.58, 95% CI =0.43-0.78, p < 0.001)

Stein, et al. (2021) (420)

Meta-analysis including 15 studies with a total of 3367 subjects of predominantly European
ancestry receiving antidepressants (10 studies with 2504 individuals for SSRI antidepressants; 5
studies with 863 individuals for “other” antidepressants). No evidence was found that the 5-
HTTLPR S allele compared to the L allele was associated with increased odds of discontinuation
from antidepressant treatment overall (OR 1.00, 95% CI 0.81-1.22, p=0.96) or in the SSRI
group (OR 1.09, 95% CI 0.83-1.42, p=0.53) or other antidepressant group (OR 0.86, 95% CI
0.68—1.09, p=0.22). No evidence of an association between S-HTTLPR genotype and SSRI
discontinuation was found comparing S/S vs S/L + L/L; S/S + S/L vs L/L; S/S vs L/L.

Crawford, et al. (2013) (421)
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Meta-analysis including 4 studies with a total of 371 subjects of predominantly East Asian
ancestry receiving antidepressants (3 studies with 236 individuals for SSRI antidepressants; 1
study with 135 individuals for “other” antidepressants). The S-HTTLPR S allele (S vs L) was
associated with reduced odds of discontinuation from SSRI treatment (OR 0.28, 95% CI 0.12—
0.64, p=0.002). Comparing the S/S vs L/L genotype did not alter results substantially.

Crawford, et al. (2013) (421)

Meta-analysis including 8 studies with a total of 1546 subjects with major depressive disorder
receiving antidepressants. No significant association between VNTR intron 2 and response was
found considering all studies and comparing subjects homozygous for the 12 repeats variation vs
carriers of 9 or 10 repeats. The analysis was stratified by ethnicity (Caucasian, Asian, and
other/mixed), and antidepressant class (SSRIs and mixed/other antidepressants). The analysis in
Asian subjects treated with SSRIs showed a significant association for subjects homozygous for
the 12 repeats variation with better response (OR = 4.24, 95%CI: 1.32-13.63, p = 0.02) but high
heterogeneity across studies remained.

Niitsu, ef al. (2013) (416)

Meta-analysis including 19 studies with a total of 3675 Caucasian subjects receiving
antidepressants (16 studies with 2785 individuals for SSRI antidepressants; 6 studies with 890
individuals for “other” antidepressants). A significant association was found between 5-
HTTLPR L allele (vs S/S) and response rate for SSRIs (OR = 1.58, C.I. 95% 1.16-2.16,p =
0.004) but not for all antidepressant classes combined or only non-SSRI antidepressants. A
higher probability of remission during SSRI treatment (OR = 1.53, C.I. 95% 1.14-2.04, p =
0.004) was found for the L allele vs S/S genotype. No association with response or remission
was found when comparing the S allele vs the L/L genotype.

Porcelli, et al. (2012) (422)

Meta-analysis including 11 studies with a total of 1429 Asian subjects receiving antidepressants
(7 studies with 716 individuals for SSRI antidepressants; 5 studies with 713 individuals for
“other” antidepressants). The only evidence of association between 5S-HTTLPR and
antidepressant efficacy was found pooling the L/L genotype vs the S allele. The L/L genotype
showed higher remission probability (OR =2.10, C.I. 95% 1.15-3.84, p = 0.02) considering
mixed antidepressants. No significant association was found between L/L genotype (vs S allele)
and reponse rate for SSRI, other/mixed antidepressants, or all antidepressants.

Porcelli, et al. (2012) (422)

Meta-analysis including 15 studies with 1435 subjects with mood disorder receiving SSRIs. A
significant association was found for the 5-HTTLPR genotype with remission rate (S/L + L/L vs
S/S, P <0.0001), with response rate (L/L vs S/L + S/S, P=0.0002), and with response rate within
4 week (S/L + L/L vs S/S, P=0.003; L/L vs S/L + S/S, P <0.00001).

Serretti, et al. (2007) (423)
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Meta-analysis including 3 studies with 548 subjects diagnosed with a major depressive episode
and receiving SSRIs. A significant association was found for the 5-HTTLPR L/L genotype with
better treatment response.

Serretti, et al. (2006) (424)
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