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Improved Antidepressant Remission in Major Depression via a Pharmacokinetic
Pathway Polygene Pharmacogenetic Report
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Objective: Major depressive disorder (MDD) is projected to be a leading cause of disability globally by 2030. Only a minority

of patients remit with antidepressants. If assay of polymorphisms influencing central nervous system (CNS) bioavailability could
guide prescribers to more effectively dose patients, remission rates may improve and the burden of disease from MDD reduce.
Hepatic and blood brain barrier (BBB) polymorphisms appear to influence antidepressant CNS bioavailability.
Methods: A 12-week prospective double blind randomized genetically guided versus unguided trial of antidepressant dosing
in Caucasian adults with MDD (n=148) was conducted.
Results: Subjects receiving genetically guided prescribing had a 2.52-fold greater chance of remission (95% confidence interval
[CI]=1.71-3.73, z=4.66, p＜0.0001). The number needed to genotype (NNG)=3 (95% CI=1.7-3.5) to produce an additional remission.
Conclusion: These data suggest that a pharmacogenetic dosing report (CNSDose ) improves antidepressant efficacy. The effect
size was sufficient that translation to clinical care may arise if results are independently replicated.
KEY WORDS: Pharmacogenetics; Pharmacogenomics; Individualized medicine; Antidepressive agents; Major depression.

INTRODUCTION
The World Health Organisation predicts that major depressive disorder (MDD) will become a leading cause of
disability globally by 2030.1) Reducing the burden of disease from MDD is a public health priority, yet it appears
the per capita level of disability from MDD globally is
increasing.2) Antidepressants have assisted treatment of
more severe MDD, with demonstrated superiority over
3)
placebo. Unfortunately, 30-50% of patients do not respond (at least a halving of the depression rating scale
score),4) to their first antidepressant trial.5-10) Remission
(return of the rating scale to normative levels; e.g., 17-item
Hamilton Depression Rating Scale [HDRS] ≤7) is clinically a more translatable efficacy measure as those who
4,11)
respond but fail to remit tend to relapse. Remission not
response is the pathway to recovery from MDD.12)
Antidepressant remission rates are even lower than those
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for response, as low as 37.5% according to a meta-analysis
of 2,971 subjects.13)
It can take several months (even years) of clinical trial
and error before an effective tolerable antidepressant is
found for an individual patient. During this time patients
remain exposed to the handicapping effects of their symptoms and the risk of acting on self-harm ideations. If affordable practical treatment biomarkers of sufficient effect size emerged, some of the trial and error in antide14,15)
pressant prescribing could be eliminated.
Investigation for genetic treatment biomarkers for medication efficacy, tolerability, and safety (pharmacogenetics) is an ac16)
tive research front. As pharmacogenetic testing becomes
increasingly affordable, should such testing be robustly
demonstrated to substantially improve antidepressant outcomes, widespread uptake may arise with potential public
health benefits.16) Only one prospective genetically guided versus unguided antidepressant trail has been conducted to date. In this study of 51 subjects with MDD a
proprietary interpretive report demonstrated a trend for
better outcomes in the genetically guided versus unguided
17)
group. Larger more adequately powered double blind
randomized controlled studies are needed to robustly shed
light on the clinical utility of pharmacogenetic interpretive reports in the treatment of MDD.
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The exact mechanism(s) of action of antidepressants remains elusive.18-20) There is evidence suggesting that Caucasian l carriers at the serotonin transporter linked promoter region (5HTTLPR) are more likely to respond to
antidepressants,21) but the effect size appears too small for
clinical utility. The association also appears to be modulated by environmental stress, putatively via epigenetic
mechanisms.22,23) Uncertainty about the mechanism of action of antidepressants probably impedes the identification of clinically useful pharmacodynamic pharmacogenetic treatment biomarkers.16) More clearly understood
are two key pharmacokinetic steps governing antidepressant central nervous system (CNS) bioavailability the
cytochrome P450 (CYP450) hepatic metabolism enzyme
system and the active efflux transporters (ABC transporters) at the blood brain barrier (BBB). Collectively,
these body ‘defences’ make it difficult for xenobiotics
(including antidepressants) to reach the pristine cere24)
brospinal fluid (CSF) bathing the CNS. Genetically
mediated inter-individual variations in these key pharmacokinetic pathways may underscore the different antidepressant doses needed for patients to enjoy tolerable
efficacy.14-16,25,26)
Genetic variation affecting hepatic CYP450 metaboliser
status has been demonstrated in CYP2D6 and CYP2C19
enzyme subtypes which are involved in the metabolism of
most second generation antidepressants and commonly
25)
show functional variance between individuals. Polymorphisms of CYP450 enzymes have been correlated to enzyme activity, enabling phenotype estimation from the related genotype into poor metaboliser (PM), intermediate
metaboliser (IM), extensive metaboliser (EM), and more
rarely ultrarapid metaboliser (UM). A 30-70% dose reduction for PM patients and a 135-180% dose elevation in
UM patients prescribed CYP2D6 and CYP2C19 dependent antidepressants has been proposed.25,27) One second
generation antidepressant (desvenlafaxine) is not subject
to such phase I CYP450 metabolism28); however, it is subject to metabolism by the phase II hepatic enzyme
UGT1A1 (uridine 5'-diphospho-glucuronosyltransferase)
for which only 10% of subjects have rapid metaboliser
status.29) One may expect less inter-individual dose variance for desvenlafaxine given this, but the dose range in
clinical settings is large.30) This may in part be explained
by inter-individual differences in BBB transporter systems-the other key pharmacokinetic ‘hurdle’ for many
antidepressants.
Various active transporters appear to impede entry of
24,31,32)
antidepressants into the brain.
The first identified

the ABCB1 transporter was discovered during study of
chemotherapeutic resistance in hamster cancer cells. The
involved permeability glycoprotein was then named the
33)
P-glycoprotein. Nearly a decade later the human coding
gene was identified on chromosome 7q21.12.34,35) It is
now known to be a member of a larger ATP-binding cassette family of transporter proteins involved in multidrug
resistance.32) This family of transporters appears to be essential to life highly conserved among species.36) ABCB1
has been shown to be evenly expressed and functionally
protective across the entire human brain.37) It appears
ABCB1 has a key role in the CNS bioavailability of sev31)
eral psychotropics. The importance of ABCB1 in drug
bioavailability was emphasised using human duodenal
cells that showed the TT polymorphism of the rs1045642
single nucleotide polymorphisms (SNP) reduced ABCB1
efflux.38) This is a synonymous SNP producing a codon
that does not change the expressed amino acid (isoleucine). In a pivotal study utilising cultured human HeLa
cell lines, TT genotype at rs1045642 resulted in use of the
rarer isoleucine codon (ATT rarer than ATC), altering
ABCB1 conformational folding and through this mechanisms altering efflux functioning.39)
Studies with abcb1 knockout mice have demonstrated
that citalopram, escitalopram, paroxetine, sertraline, venlafaxine, desvenlafaxine, reboxetine, doxepin, amitriptyline and trimipramine, are substrates for ABCB1; however, fluoxetine, mirtazapine, bupropion and melperone
do not appear to be.40-43) Four studies have found an association between ABCB1 polymorphisms and differential
symptom improvement with antidepressants subject to
ABCB1 efflux.26,41,44,45) A candidate gene association
study suggested ABCB1 rs1045642 polymorphisms predicted the dose of escitalopram needed to remit, with C
carriers requiring double the dose.26) Interestingly, polymorphisms of another ABC transporter gene ABCC1
46)
have also been implicated in antidepressant efficacy. A
SNP of the 3’ untranslated region of the ABCC1 gene
(rs212090) appears to influence ABCC1 transcription46)
and citalopram remission rates. The altered transcription
mechanism may involve differential mRNA stability.47)
This may have functional effects on the ABCC1 transporter. Perhaps akin to the combined CYP450 2D6 and
2C19 genotype influencing antidepressant metabolizer
status, combined ABCB1 and ABCC1 genotype may influence differential patient BBB permeability? Perhaps the
combination of ABCB1 rs1045642 (C3435T) and ABCC1
rs212090 (3’T5463A) could be the pharmacogenetic keys
to the BBB?
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A genetically guided versus unguided prospective double blinded randomized comparator study was conducted
to investigate the clinically utility of a pharmacokinetic
pathway polygene pharmacogenetic interpretive report
(CNSDose ) which takes into account both hepatic and
BBB polymorphisms. Specifically, I hypothesized patients whose dose is adjusted according to the automated
interpretive formula will have better remission rates, fewer days off work due to depression, and better antidepressant tolerability (fewer instances of side effects requiring dose reduction or medication cessation).

METHODS
DNA was extracted from patient self-administered buccal brush samples using QIAamp DNA Mini kit (QIAGEN
Inc., Venlo, Netherlands). Genotype of candidate SNPs
was determined by the polymerase chain reaction (PCR)
followed by single primer extension and analysis on a
Sequenom Matrix (Sequenom Inc., San Diego, CA,
USA)-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF) 384 well genetic analysis system. For the large duplications and deletions
standard long-range PCR was used.
Subjects received clinical care by their treating psychiatrist during the 12 week study period. Subjects with a
principal DSM-5 diagnosis of MDD (semi-structured psychiatrist interview) were eligible. Subjects with other active psychiatric diagnoses were excluded, such as those
suffering with adjustment disorders, psychosis, bipolar
disorder, substance use disorders, and those with a principal diagnosis of a personality disorder. Pregnant or breastfeeding subjects were excluded. Subjects with hepatic or
renal impairments were excluded as such could influence
appropriate dosing. Subjects co-prescribed known CYP2D6,
CYP2C19, or ABCB1 inducers/inhibitors; subjects regularly drinking grapefruit juice; and smokers were excluded as such may also influence appropriate dosing.48-51)
Age, sex, duration of depressive episode, and number of

depressive episodes was recorded as well as baseline
17-item HDRS score. Only subjects with HDRS scores
over 18 were included given moderate to severe depres3)
sion only has robust evidence of antidepressant efficacy.
As the literature on pharmacogenetics suggests possible
inter-ethnic variations, only Caucasian subjects were recruited to avoid ethnicity becoming a potential confounder.
All subjects had a buccal brush sample obtained, but via
computerized randomization only half had this information analysed and a report sent to their prescriber. Many
yet to be determined factors (genetic and non-genetic)
may influence optimal dosing, thus randomization is essential to help balance out potential confounding factors
between groups. As all subjects provide buccal brush samples, patients were blind to which study group they were
in. Antidepressant remission rates were assessed with
baseline and 4 weekly HDRS over 12 weeks by an independent rater blinded to which group the patient belonged genetically guided (n=74) or unguided (n=74).
Thus, the study was double blinded helping prevent patient or outcome assessor biases influencing outcome
ratings. The prescriber did not inform the patient if a DNA
report was being used in their prescribing, and could indicate (by confidential feedback form) if they elected to
use the report information to guide dose and if so doing led
them to dose medication differently from usual practice.
The antidepressant prescribed was left to the judgement of
prescriber and patient based upon preferred side effect
profile and avoidance of agents that had previously proven ineffective or intolerable. This helped ensure patient
care was not disadvantaged. The pharmacogenetic interpretive report provided indicated if the patient’s genotype
suggested mid-range, high-range, or low-range doses were
needed. Intolerability events where the patient needed to
reduce the dose or stop their antidepressant were recorded
for analysis. Finally, the number of sick days taken off
from work or studies due to depression was recorded.
Ethics approval was obtained from a National Health and
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Medical Research Council (Australia) approved ethics
committee (ACTRN12613001135707). IBM SPSS Statistics software (version 22.0; IBM Co., Armonk, NY, USA)
was used in the analysis of the data, results expressed as
risk ratios (RR) with 95% confidence interval (CI) and
number need to genotype (NNG) values to readily com52)
municate significance and magnitude of any findings.
NNG is the number of people that needed the test for an
additional patient to remit from MDD. T-tests were used
to compare differences in averages between groups.

RESULTS
A total of 174 patients were screened for eligibility. A
total of 22 subjects were excluded: 12 had a principal diagnosis other than MDD and 10 had a baseline HDRS score
＜18. The remaining 152 subjects were randomised to either genetically guided or unguided prescribing, but 4 sub-

jects failed to attend for research follow-up. Thus, 148
subjects completed the study, unguided group (n=74) and
genetically guided group (n=74) had data analysed for differential antidepressant efficacy and tolerability. Baseline
and other characteristics of the sample are displayed in
Table 1. Importantly, there were no significant differences
in baseline HDRS score to confound findings. There were
no significant differences in the antidepressants used between the two groups (Table 2).
The pharmacogenetic interpretive report was reviewed
by the treating prescriber in 100% (74/74) of instances.
This led to medication dosing different to usual practice
by the prescriber 65% (48/74) of the time. Table 3 displays
the key study findings. The genetically guided group was
2.52 times more likely to remit from MDD (95% CI=
1.71-3.73, z=4.66, p＜0.0001) than the unguided group,
with NNG for remission from MDD=3 (95% CI 1.7-3.5).
The unguided group were 1.13 times more likely to have
medication tolerability problems (95% CI=1.01-1.25,
z=2.208, p=0.0272) requiring either dose reduction or
cessation. The genetically guided group had significantly
less risk of taking sick leave (4% versus 15%, p=0.0272)
and significantly less duration of sick leave when such
was needed (4.3 days versus 7.7 days, p=0.014).

DISCUSSION
This study is the first statistically significant positive
double blind randomized genetically guided versus unguided prospective comparator trial suggesting a pharmacogenetic interpretive report improves antidepressant efficacy through a dose guidance report. As remission not
response is the pathway to recovery from MDD,12) the
finding of markedly improved remission rates (72% versus 28%) in the genetically guided group may have clinical translation implications should findings be independently replicated. The remission rate in the genet-

＜

≤
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ically guided group is nearly double that found in current
(genetically unguided) practice.13) The reduced rate of
sick leave and reduced sick leave duration in the genetically guided group may have health economic implications, particularly given the reducing costs of genotyping
and the fact that only one pharmacogenetic test per patient
lifetime is needed.
Relatively recently, mechanistic understandings of how
ABCB1 and ABCC1 may act in concert have emerged.
These mechanisms might explain why the combination of
functional polymorphisms from these transporters led to
predictive power of the polygene panel (CNSDose ) used
in this study. ABCB1 appears to be expressed on the blood
(luminal) side of BBB endothelia, whereas ABCC1 appears to be expressed on the CSF (abluminal) side of the
53-55)
BBB.
It appears that endogenous inhibitors of ABCB1
are transported into BBB endothelia by ABCC1.56-59) As
ABCB1 and ABCC1 have similar substrate affinities,60)
should a toxin impede the function of both transporters,
the reduced functioning of ABCC1 will result in reduced
transport by ABCC1 of ABCB1 endogenous inhibitors,
enabling greater activity of ABCB1 in real time to defend
the CNS against toxins. This putative mechanism may help
explain the finding of Lee et al.46) polymorphisms of
ABCC1 gene lead to reduced expression of ABCC1 and
were thus potentially associated with greater ABCB1 activity and greater pharmacokinetic blockade at the BBB of
paroxetine, explaining the reduced clinical remission rates
noted in that study. The existence of both an association to
differential antidepressant efficacy, differential mRNA
levels of the transporters, and a mechanism linking the
roles of ABCB1 and ABCC1 makes functional polymorphisms of these two BBB transporters prime candidates for a pharmacogenetic treatment biomarker panel.
This may explain the significant finding and large effect
size of the current study. Failure of previous pharmacogenetic studies to control for the influence of phase I hepatic
metabolism genotype, phase II hepatic metabolism genotype, ABCB1 transporter genotype, and ABCC1 transporter genotype may explain the mixed findings in the literature to date which has mainly consisted of association studies.16,61,62)
The other main strength of this study is the randomized
double blind design. Candidate gene association studies
have the major drawback of not being able to control for
16)
unknown confounders. The advantage of randomization (in large enough samples) is the inherent balancing
out between groups of covariates, helping reduce the risk
of confounding factors distorting findings. If the current

study finding is independently replicated in similar or
larger samples, use of pharmacogenetic testing in the treatment of MDD may start to enter clinical practice more
widely upon appropriate regulator approval. The burden
of disease from MDD could be significantly reduced
through less trial and error dosing. Rapid turn around time
(TAT) of genetic testing will be needed for clinical uptake,
as long delays between testing and reporting will impeded
clinical uptake. In the current study TAT of 5-10 days enabled clinical integration of the report.
The current study does have some importantly limitations. Firstly, the exclusion of patients with co-morbidities may limit the application of these findings to larger
real world clinical settings where co-morbidity is common. Secondly, as the study involved Caucasian subjects
only-the relevance of findings to other ethnic groups in
unclear. A further issue is whether the selected polygene
panel is the best. Only head to head trials with other pharmacogenetic interpretive reports will answer this question, but large samples will be needed to shed light on
small differences between pharmacogenetic reporting
systems. Importantly, epigenetic and environmental factors were not included in this study. Inclusions of such
may provide enhanced predictive power. Finally, larger
sample sizes would help further reduce the risk of type I
error mediating the findings in this study. Independent
replication will be required to minimise both risk of type I
error and biases from individual studies such as the current
one. It is hoped the current study will stimulate other
groups to consider replication. Should such replication be
positive, this may pave the way for clinical implementation. This appears to be particular relevant now as it appears psychiatrists are anticipating genetically guided pre63)
scribing to become the standard of care.
In conclusion, the proprietary pharmacokinetic polygene pathway pharmacogenetic interpretive formula and
dosing report used in this study (CNSDose ) has the first
methodologically robust statistically significant empirical
evidence for marked clinical utility of a pharmacogenetic
test and dosing report in the antidepressant treatment of
MDD. If these findings are independently replicated, a
priori antidepressant pharmacogenetic testing may start to
enter clinical practice guidelines. As whole genome sequencing becomes more affordable, many patients may
started to already have the needed polymorphism information on file eliminating TAT and added test cost
issues. The improved antidepressant efficacy that results
from pharmacogenetic reporting may help reduce the burden of disease from MDD.
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