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Pharmacogenomics and its Future Implications
in Treatment-resistant Depression
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A b s t r ac t
The global burden of depression is estimated over 300 million, which is equivalent to 4.4% of the world’s population. However, it is reported
that only 50% of patients receive some form of treatment and most individuals receiving conventional pharmacotherapy fail to achieve and
sustain remission. Treatment-resistant depression (TRD) is defined as failure to achieve remission with two or more adequate antidepressants
over a sufficient period of time. Treatment-resistant depression is estimated to occur in 10–30% of patients with major depression, and these
patients need a variety of treatment strategies employed. Advances in genetic epidemiology have spurred research investigating the role
genetics play in the pathophysiology of depression. Pharmacogenetic testing identifies mutations related to altered expression and functions
of genes associated with antidepressant response. For this reason, genetic variants are considered theoretically optimal biomarkers to provide
personalized antidepressant treatments and to reduce the proportion of patients who develop TRD. This review aims to understand the genetic
mechanisms that contribute to the problem of TRD and the hurdles to its treatment in the context of the Indian population. We focus on the
authors’ clinical experience in parallel with relevant research articles over the last two decades.
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I n t r o d u c t i o n
The burden of depression is increasing despite advancements in
the safety and tolerability of treatments over the past 50 years.1
Researchers and clinicians have shifted their view to depression as
a chronic and recurrent illness that may not respond to treatment
from an earlier opinion of it being an acute illness. At a global level,
over 300 million people are estimated to suffer from depression,
equivalent to 4.4% of the world’s population. 2 However, it is
reported that only 50% of them receive some form of treatment.
Most individuals receiving conventional pharmacotherapy fail
to achieve and sustain remission—a critical determinant of full
functional recovery. 3 Treatment-resistant depression (TRD) is
estimated to occur in 10–30% of patients with major depression, and
these patients need a variety of treatment strategies employed.4
Treatment-resistant depression is defined as an inadequate
response following adequate antidepressant therapy among
patients suffering from unipolar depressive disorders.5 Gaynes et
al. aimed to approach TRD as a dichotomous term—“patients either
have or do not have this diagnosis—based on whether they meet a
set of threshold criteria, or the second approach considers TRD an
illness that falls along a spectrum, with different degrees, or stages,
of severity.”6 In this latter scheme, either patients do not have TRD
at all or they have different degrees of TRD severity.6 This review
aims to understand the genetic mechanisms that contribute to the
problem of TRD and the hurdles to its treatment in the context of
the Indian population. We focus on the authors’ clinical experience
in parallel with relevant research articles over the last two decades.

Depression

i n  I n d ia

Several cost-effective interventions have shown favorable recovery
and positive outcomes in the care and management of depression.
However, in India, the stigma and treatment gap associated with
depression is vast. The burden of depression, in terms of disability
adjusted life years (DALYs), increased by 67% between 1990 and
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2013.7 By 2025, DALYs attributable to depression are projected to
rise by roughly 2.6, 11 million (22.5%) due to population growth and
ageing.7 As per National Mental Health Survey (NMHS) (2015–2016)
in India, 1 in 20 (5.25%) people over 18 years of age has ever suffered
(at least once in their lifetime) from depression amounting to a total
of over 45 million persons with depression in 2015.8

P h a r m aco g e n e t i c  V a r ia b i l i t y

i n  P at i e n ts

For many drugs, the optimum dose required to produce the desired
effect for safe therapy shows significant variation from one patient
to the next. A drug dose within the therapeutic window for the
majority of a patient population may prove to be too low or too high
for certain patients who may have an atypical dose–response curve
for a drug therapeutic effect or adverse effects.9 Pharmacogenetic
studies in major depressive disorder (MDD) have been performed
only in recent years, focusing on candidate genes with possible
involvement in the pathophysiology of the disease and in the
mechanism of action of antidepressant drugs.10 Factors that result
in variations in drug response are multifold and complex, and
may involve fundamental aspects of human biology, since a drug
response directly affects well-being and survival.9 Polymorphisms in
genes encoding drug targets directly affect target protein function,
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drug–target interaction, or both to produce profound effects on
drug response.9 Several studies have found genetic variations
associated with altered treatment response/efficacy and increased
side effect risk. Genetic testing for such variations can help identify
which patients are more or less likely to respond to psychotropics
and which are likely to experience an increased side effect burden.
Incorporation of this information can drive appropriate treatment
choices to improve treatment outcomes.11 This benefits patients
who may be treatment-resistant by enabling the choice of a
more effective drug at an appropriate dose, which can potentially
decrease the trial and error approach of antidepressant selection.
While there are shortcomings of the applications of this approach,
further studies in the domain can significantly impact the outcomes
for patients with TRD.

Prevalence of Treatment-resistant Depression
The treatment outcomes and transitional points across the illness
course (e.g., response, remission, and relapse) directly influence
how TRD is conceptualized. A trial funded by the National Institute
of Mental Health known as the Sequenced Treatment Alternatives
to Relieve Depression (STAR*D) recruited in over 4,000 patients
suffering from depression. The trial showed cumulative remission
rates in only half of the patients after trial of two different
treatments. However, other estimates point to rates of 60–70% for
incomplete remission.12

Management of Treatment-resistant Depression
Patients diagnosed with MDD are majorly prescribed either selective
serotonin reuptake inhibitors (SSRIs) or serotonin–norepinephrine
reuptake inhibitors (SNRIs) as the first option. If the patient fails to
achieve the adequate response, then the most common approach
is to switch the patient to a second antidepressant. The drugs used
for augmentation in TRD backed with evidence include lithium
(with TCA), bupropion or mirtazapine combination therapy (with
SSRI), anticonvulsants, thyroid hormone (with TCA), atypical
anticonvulsants, dopamine agonists, pindolol, buspirone, modafinil,
stimulants, testosterone, or estrogen. Combining an SSRI and a
noradrenergic reuptake inhibitor confers the double effect of
antidepressant as an augmentation strategy. The same advantage is
offered by either switching to or adding duloxetine or venlafaxine.
Venlafaxine has been reported to have a significantly high remission
rate (42%). Desvenlafaxine, a SNRI, is approved for the treatment of
adults with MDD. It is the major active metabolite of venlafaxine
after metabolism by CYP2D6 and possesses antidepressant activity.
Desvenlafaxine has a lower risk of variability in pharmacologic effect
resulting from CYP2D6 polymorphisms or drug–drug interactions
when coadministered with CYP2D6 substrates or inhibitors. The
simple metabolic pathway of desvenlafaxine makes it favorable
in avoiding CYP-related pharmacokinetic interactions with other
drugs of many therapeutic classes, thus giving desvenlafaxine an
edge over other antidepressants in management of TRD.

Factors Associated with Treatment-resistant
Depression
The high percentage of treatment failure or incomplete remission is
likely to be a consequence of intrinsic biological and environmental
heterogeneity among MDD patients, suggesting that biomarkers of
antidepressant response would be useful to guide treatment at the
individual level.13 This correlates with the clinical observation that
MDD is a heterogeneous disease. Treatment-resistant depression
patients have some distinctive clinical features such as higher
72

symptom severity, more frequent suicidal risk, and comorbidity
with anxiety as compared to non-TRD patients.13
Treatment-resistant depression is a result of possible multiple
factors. These can broadly be divided into factors related to the
illness, factors related to treatment, and patient and environmental
factors. Usually, combinations of factors are involved in treatment
resistance.14 Patients with TRD are reported to experience a higher
number of stressful life events, including immigration, death of
a family member, interpersonal relationship problems, job loss,
financial stress, severe health conditions, and life-threatening
situations.15
Genetics has been shown to be a significant factor in the
variability of responses of medication choices and doses.
Pharmacogenetics has become an increasingly important tool
for identifying factors like the risk associated with adverse drug
reactions or decreased response to standard doses of medications.
By identification of such genetic factors, the clinicians may be able
to advise the most effective therapy to their patients. The addition
of pharmacogenetic testing to routine clinical practice may also be
extremely helpful because of the cost reduction associated with the
identification of patients who will not respond to expensive drugs
or with the identification of patients likely to suffer from severe
adverse events.16,17

Potential for Pharmacogenetics in Treatment-resistant
Depression
The role of genetics in the pathophysiology of depression is being
explored owing to the advances in the genetic epidemiology.
These tests identify mutations related to altered expression and
functions of genes associated with drug response. These tests have
proven to be useful in clinical settings. Antidepressant response
was demonstrated to have a relevant genetic component by family
studies and more recent approaches such as genome-wide complex
trait analysis.18 For this reason, genetic variants are considered
theoretically optimal biomarkers to provide personalized
antidepressant treatments and to reduce the proportion of patients
who develop TRD.

C y to c h r o m e  P450 G e n e s
Cytochromes are the primary enzymes involved in drug
metabolism, and cytochrome P450 oxidases are implicated in
the oxidative metabolism of several antidepressants.10 Different
metabolic profiles are caused by the polymorphic nature of
cytochrome P450 genes, which modifies individual drug response.19
The genetic metabolic profile is generally useful in predicting
side effects, rather than the response to antidepressants. 20
The functional polymorphisms consist of gene deletions, gene
duplications, and deleterious mutations. Additionally, amino acid
changes might be introduced, which can, in some cases, change
the substrate specificity.19 The CYP2D6 and CYP2C19 genes have the
highest importance in clinical guidelines out of all the functional
polymorphisms. An important aspect of this polymorphism is the
copy number variation where multiple functional gene copies of
one allele can result in increased drug metabolism and absence of
drug response at standard dosage.19 Guideline recommendations
point to strong or moderate evidence supporting the choice of
an antidepressant and dose based on the presence of functional
variants in these two CYP450 genes when treatment is a tricyclic
antidepressant, sertraline, citalopram, escitalopram, fluvoxamine,
or paroxetine.13
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CYP2D6
The CYP2D6 enzyme is responsible for the metabolism of roughly a
quarter of all drugs used to treat depression, and its polymorphism
significantly affects the metabolism of about half of these drugs,
making it one of the most important polymorphic enzymes in
the metabolism of drugs. Genetic variation contributes largely to
the interindividual variation in enzyme activity.19 Variant alleles of
CYP2D6 are classified on the basis of enzymatic activities. There are
four classifications of this enzyme based on its metabolizing activity:
poor metabolizers (PMs), intermediate metabolizers (IMs), extensive
metabolizers (EMs), and ultraextensive metabolizers (UMs). 21
Poor metabolizers that have polymorphisms resulting in enzyme
deactivation produce high concentrations of the parent drug in
the plasma. Ultra-extensive metabolizers lead to increased enzyme
activity due to gene duplications, resulting in reduced parent drug
concentration in the bloodstream.22 CYP2D6 is subject to deletions,
gene duplications, or multiplications, many clinical laboratories also
report copy number variations, but is not known to be induced by
substances.23 It is highly polymorphic with over 100 known allelic
variants and subvariants identified. Associations of imipramine,
trimipramine, desipramine, and clomipramine with CYP2D6
genotypes have been reported.23 In addition, the impact of CYP2D6
can be found on nortriptyline, a tricyclic antidepressant (TCA), with
these genes explaining 21% of total interindividual variance in oral
clearance.23 Venlafaxine, an SNRI, has its metabolism influenced
by CYP2D6 polymorphism, particularly the O-demethylation
phenotype depends on the CYP2D6 genotype.23 This isozymes’
tolerance is lower to TCAs and venlafaxine as compared to an
average tolerance to other antidepressants.23
CYP2D6 alleles have been studied in varied geographic
and ethnic group settings, and significant differences in allele
frequencies have been observed.24 In a sample size of 447 from
South India, a study conducted by Naveen et al. showed that the
CYP2D6*2 allele was the most frequent variant (34.8%), followed by
the *10 allele (10.2%).22 Studies across India have shown variation in
frequency of CYP2D6 polymorphism ranging from 2 to 4.8% across
Maharashtra, Andhra Pradesh, Kerala, and Chandigarh.25

CYP2C19
Polymorphisms seen in the CYP2C19 gene affect the metabolism
of several classes of drugs, including antidepressants and
proton pump inhibitors.19,24 The CYP2C19 gene, like CYP2D6, is
highly polymorphic and over 30 allelic variants and subvariants
have been identified. The CYP2C19 phenotype also affects the
pharmacokinetics of antidepressants; the monoamine oxidase
inhibitor (MAOI), the tricyclic antidepressants (TCA) amitriptyline
and clomipramine, and the selective serotonin reuptake inhibitors
(SSRI) sertraline and citalopram are examples of such drugs.19
The enzyme activity is expressed at highly variable levels and
three different phenotypes are observed: PM, IM, and normal
metabolizers (NM).26 CYP2C9*2 and CYP2C9*3 are the two most
common polymorphisms.9 With respect to the *17 allele, patients
homozygous for CYP2C19*17 showed 42% lower geometric
escitalopram mean serum concentrations and 5.7-fold higher
for defective CYP2C19 alleles, compared with the CYP2C19*1/*1
subgroup. 27 Moreover, Chinese subjects with two CYP2C19mutated alleles (*2,*3) showed higher plasma concentrations and
the amitriptyline:nortriptyline ratio at the steady state than those
with the wild-type genotype.28

Presence of the CYP2C19*2 allele leads to an aberrant splice site,
whereas the CYP2C19*3 allele produces a premature stop codon.29
Adithan et al. evaluated the frequency of CYP2C19 polymorphisms
in India and documented the frequency of CYP2C19*1, *2, and *3
alleles as 0.598 (59.8%), 0.379 (37.9%), and 0.022 (2.2%), respectively,
for South Indians (n = 112) and 0.703 (70.3%), 0.297 (29.7%), and
0, respectively, for North Indians (n = 121). 29 This showed that
the prevalence of PMs in South Indians was significantly higher
compared with Caucasians and Africans. In addition, the EM activity
of CYP2C19 is significantly reduced due to heterozygosity of the
Asian population. For instance, two studies on North and South
Indian populations reported the frequency of the CYP2C12*2 allele
to be 29.7 and 35%, with the CYP2C19*3 allele to be nil and 1%,
respectively.30,31

CYP3A4
The most abundant CYP isoenzyme in the liver and small
intestine is CYP3A4, which is also involved in biotransformation
of approximately 50% of marketed drugs.32–34 Parallelism in racial,
ethnical, and geographical distribution due to polymorphism in
human xenobiotic metabolizing genes and the ethnic-specific effect
of CYP genes is well known.35 The Indian population is a vast distinct
ethnic group forming one-sixth of the world population. 36 CYP1A1
and 3A4 are within the cytochrome P450 enzyme family with the
ability to metabolize endogenous and exogenous substances. 37
Polymorphisms in these genes as a result of environmental toxins
and exposure to hormones have shown association with cancer
susceptibility.35,38 Thus, higher risk of development of cancer and
other related disorders can be tied to ethnic populations with high
prevalence of relevant polymorphisms. 38 Studies in India have
shown variation in the frequency of CYP3A4 polymorphism of the
*1B allele ranging from 0.6% to 2% across Chandigarh, Delhi, and
Mumbai.39

Other Isoenzymes
The CYP2C9 genetic polymorphisms cause reduced enzyme activity
in Caucasians (approximately 0.7% of the population).40 It also
modulates dose-corrected plasma concentrations of fluoxetine
and the active moiety (fluoxetine plus norfluoxetine), along with
the CYP2D6 gene variants.41,42 However, it has not shown effect
on plasma concentration of several antidepressants, including
TCAs (amitriptyline, clomipramine, doxepin), SSRIs (citalopram,
fluvoxamine, paroxetine, sertraline), and others (mirtazapine,
venlafaxine).43 The highly polymorphic CYP2B6 gene has not been
associated with loss of function due to copy number variations or
genetic variants, apart from the rare CYP2B6*28 allele.23 A summary
of antidepressants metabolized by the CYP isoenzymes is presented
in Table 1.

Use

o f  G e n e t i c  T e s t i n g i n  P s yc h iat ry

Individual patients carrying CYP2D6*3, -*4, -*5, or -*6 variants
should be given reduced doses of antidepressants to avoid or
reduce drug side effects. In this scenario, metabolism of the drugs
is the major factor affecting drug response and safety, and genetic
variations are well established.9 Psychiatrists at the Mayo Clinic
have begun to request that the CYP2D6 genotype information be
made available before commencing psychiatric drug therapy.44
A study has been conducted analyzing the cost-effectiveness
and impact on medication adherence in psychiatric patients who
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Antidepressant
Fluoxetine
Fluvoxamine
Paroxetine
Sertraline
Citalopram
Escitalopram
Venlafaxine
Desvenlafaxine
Duloxetine
Mirtazapine
Reboxetine
Amitriptyline
Clomipramine
Imipramine
Trimipramine
Doxepin
Dothiepin
Desipramine
Nortriptyline
Trazodone
Nefazodone
Bupropion
Agomelatine
Mianserin
Maprotiline

Table 1: Metabolism of currently used antidepressants by CYP isoenzymes
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Fig. 1: Summary of barriers to the clinical implementation of pharmacogenetics. Adapted with permission from Johnson (2013).46 CAP, College
of American Pathologists; CLIA, Clinical Laboratory Improvement, Amendments; ELSI, ethical, legal, and social implications

received a genetic test compared to a matched set of controls.45 The
abundance of genetic information and DNA sequence data raises
the issue of the most efficient and cost-effective way to establish
the clinical utility of novel pharmacogenomic information.44
There are several reasons that genomic medicine has not
moved as fast as hoped. A study by Johnson identified barriers
to the clinical implementation of pharmacogenomics (Fig. 1).46 In
addition to scientific difficulties discussed above, economic, ethical,
social, and regulatory issues are also very challenging. A systematic
literature review by Berm et al. investigating the cost-effectiveness
of pharmacogenetic and pharmacogenomics screening found its
application to be mostly cost-effective or cost-saving.47 While only
a minority of the evaluations assessed the intrinsic value of these
tests, there was an increase in studies reporting quality-associated
characteristics.47 Although the cost of DNA sequencing is dropping
dramatically, data on cost-effectiveness of genomic medicine
are currently limited.9 Pharmacogenomics has the potential to
lower costs associated with inappropriate or expensive drug
treatments and/or serious adverse drug reactions that may require
hospitalization.

C o n c lu s i o n
Pharmacogenetic testing for psychiatric disorders is rapidly
gaining wide acceptance. Its clinical implementation requires
objective, evidence-based guidelines and investment in the
infrastructure required to make pharmacogenomic information
available to physicians in a cost-effective manner. Clinical utility
and cost-effectiveness of genetic testing for psychiatric disorders
has been substantiated by a number of reviews and case
studies.11 Treatment-resistant depression is highly prevalent and is
associated with high economic implications and extensive usage of

depression-related and general medical services. It poses unique
therapeutic challenges and dilemmas in its management. Early
identification of TRD will be useful in constructing effective and
long-term maintenance treatment strategies. The individualized
medicine will enable physicians to prescribe appropriate treatment
and dose to achieve maximal therapeutic benefits and minimum
adverse effects.9 Armed with patient genetic information, clinicians
can more quickly identify effective therapies, thus limiting the
prolonged suffering and economic burden placed upon many
patients with chronic illnesses. Genetic evaluation for patients
showing early signs of TRD can be considered as a part of the
management strategy. Prospective clinical trials that evaluate the
utility and cost-effectiveness of genotyping and individualized
medicine are critical in guiding the clinical practice of genetic
testing and individualized drug therapy.
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