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Abstract

Background: Converging lines of evidence indicate that ketamine is a rapid antidepressant for individuals with treatment-resistant depression.
Hitherto, no reliable a priori predictors of ketamine response have been reported. Pharmacogenetic biomarkers have yielded mixed results regarding
potential candidate genes associated with ketamine’s biochemistry as reliable predictors of response. Aims: No studies have examined the effects
of Val66Met and CYP2B6 genotypes on patients receiving repeated infusions of intravenous ketamine. Methods: In all, 85 participants with major
depressive disorder who had previously received four infusions of intravenous ketamine were recruited to the foregoing study. Buccal swabs were
collected and genotype variants across the Val66Met and CYP2B6 genes were analyzed. A repeated measures mixed linear model was used to assess
change in depressive symptoms, suicidality, and anxiety, correcting for sex and age. Multiple regression was run to determine whether these genetic
markers were associated with treatment efficacy for depressive severity, suicidal ideation, anxiolytic response, and degree of dissociation to intravenous
ketamine. Results: Participants experienced significant overall reductions in depression, suicide, and anxiety. Overall, 25% met the response criteria
and 15% met the remission criteria. However, Val66Met and CYP2B6 did not significantly predict changes in symptoms of depression, suicide, anxiety,
or average dissociation. Conclusions: This study contributes to the growing literature that ketamine efficacy is unlikely to be predicted by single

genes, and a pleiotropic approach may likely be necessary for developing reliable predictors of clinical benefits.
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Introduction

Major depressive disorder (MDD) presents a significant public
health and economic concern and is associated with significant
disability on an individual level. While there exists a myriad of
effective psychopharmacological treatments for MDD, clinicians
are forced to rely on “trial and error” approaches to determine the
correct treatment type and dose per individual clinical presenta-
tion. The current putative treatments for MDD leverage medica-
tions that modulate the monoamine system (i.e., serotonin,
epinephrine, and dopamine). However, evidence suggests that a
significant proportion of patients are unable to achieve remission
with these medications (Rush et al., 2006; Trivedi et al., 2006).
These patients, classified as treatment resistant, exhibit poor syn-
dromal and functional recovery, a high rate of suicide, and a
decreased likelihood of responding to subsequent treatments
(Guze and Robins, 1970; Rush et al., 2006).

Notwithstanding the role of monoamines, a growing body of
literature has suggested that the glutamatergic system may medi-
ate depressive etiology (Dowlati et al., 2010; McEwen and
Stellar, 1993; Slavich and Irwin, 2014). Ketamine, a N-methyl-
D-aspartate receptor antagonist, has demonstrated rapid and
robust antidepressant and anti-suicidal effects in patients with

treatment-resistant depression (TRD) (Coyle and Laws, 2015;
Mclntyre et al., 2020a; Mclntyre et al., 2020b; Singh et al., 2016).
The Food and Drug Administration approved an intranasal for-
mulation of (S)-ketamine (i.e., esketamine) under the brand name
Spravato, suggesting that ketamine may be a viable treatment
option for patients with refractory depression. Nevertheless, real-
world effectiveness data suggest that up to 50% of patients with
TRD receiving intravenous ketamine will exhibit no clinical
improvement in depressive symptoms, and between 1% and 5%
will exhibit a worsening of their symptoms (Di Vincenzo et al.,
2022; Mclntyre et al., 2020a, 2020b). Hitherto, there exist no
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reliable clinical predictors of ketamine’s antidepressant response
and continue to rely on trial-and-error paradigms. As a result,
there has been growing interest in elucidating clinical biomarkers
that can accurately predict each patient’s response to treatment.
To this end, pharmacogenetics (PGx) has emerged as a promising
candidate in the field of psychopharmacology.

Numerous preclinical and clinical trials have investigated
candidate genes that characterize the metabolism of ketamine.
Ketamine is metabolized extensively by the liver by the
cytochrome P450 (CYP450) enzymes. The CYP2B6 enzymes
account for a large proportion of ketamine metabolization, with
minor contributions from CYP3A4 and CYP2C9 (Hijazi and
Boulieu, 2002; Yanagihara et al., 2001). Therefore, some groups
have hypothesized that loss-of-function in the CYP2B6 alleles
may lead to poor outcomes and adverse events (Mclntyre et al.,
2020a, 2020b; Rong et al., 2018). However, a study of 67 patients
with TRD by Zarate and colleagues suggested that there was no
association between CYP genotype and antidepressant response
(Zarate et al., 2012).

Ketamine is also considered to be a potent mediator of the
brain-derived neurotrophic factor-Tropomyosin receptor kinase
B-mTOR pathway (BDNF-TrkB-mTOR). Murine studies lever-
aging a knock-in of the Val66Met BDNF allele suggested that
ketamine’s antidepressant response is mediated through this
BDNF pathway (Fukumoto et al., 2019). Indeed, BDNF is a prin-
cipal factor for synaptogenesis and plasticity within the hip-
pocampus and is hypothesized to be a factor in ketamine’s
mechanism of action (Autry et al., 2011). It was therefore hypoth-
esized that individuals with the Met BDNF polymorphism, which
affects BDNF folding effectively impairing the binding of the
neurotrophin to the TrkB receptor, would yield lower antidepres-
sive responses. Human studies, however, have produced mixed
results. Laje et al. provided evidence that MDD patients with the
Val/Val BDNF allele expression had a stronger antidepressive
response compared to Met carriers (Laje et al., 2012). A separate
study noted that Val carriers experienced reductions in suicidal
ideation at 0.5mg/kg and 0.2 mg/kg, whereas Met carriers only
endorsed an improvement in suicidal thoughts at the 0.5 mg/kg
dosage (Chen et al., 2019). Comparatively, a double-blind, rand-
omized, placebo-controlled clinical trial of a single infusion of
ketamine did not report any significant differences between Val
or Met carriers (Su et al., 2017). Furthermore, it has been well
established that the relationship between glutamatergic signaling
and BDNF is mediated by glucocorticoid expression through the
hypothalamic—pituitary—adrenal (HPA) axis (Dutton et al., 2022).
Altered HPA axis activity due to stress has been shown to reduce
synaptogenesis and neuroplasticity in several cerebral structures,
especially the hippocampus, which, in turn, affects glutamatergic
functioning (Duman et al., 2019; Liischer and Malenka, 2012). A
recent systematic review provided evidence that increased HPA
axis activity was associated with an increased suicide risk, inde-
pendent of other psychiatric conditions (Berardelli et al., 2020).
Ketamine’s effect on depression and suicidal ideation may be
mediated through neuroendocrine response (Wang et al., 2019).

A recent systematic review examined extant literature to iden-
tify key allelic variants that impact ketamine metabolism
(Meshkat et al., 2021). The review identified 18 genes that had
previously been associated with intravenous ketamine.
Importantly, the Valo6Met BDNF pathway and the CYP450
metabolizer were the most reported genes that affected ketamine

metabolism and its clinical response (Meshkat et al., 2021).
However, all studies used a single infusion paradigm, which is
incongruent with current clinical practices (Mclntyre et al.,
2021a). No studies, to date, have examined the effects of
Val66Met and CYP2B6 genotypes on patients receiving repeated
infusions of intravenous ketamine. Herein, we aim to investigate
the extent these genes mediate the antidepressant, anti-suicidal,
and antianxiety effects of ketamine.

Methods
Participants and study design

Participants with treatment-resistant MDD who previously
received intravenous ketamine at the Canadian Rapid Treatment
Center of Excellence (CRTCE) in Mississauga, Canada were
recruited to participate in this study. Eligibility criteria and treat-
ment protocol of patients receiving ketamine have been previ-
ously described (Mclntyre et al., 2020b). Briefly, patients with
treatment-resistant depression (i.e., failure of two or more ade-
quate trials of different antidepressant classes) received four
infusions of intravenous ketamine. The initial two infusions were
dosed at 0.5 mg/kg, whereas the final two infusions were flexibly
dosed between 0.5 and 0.75 mg/kg. Dose optimization to 0.75 mg/
kg was dependent on inadequate clinical response and tolerabil-
ity to the index dose. Prior to each infusion, participants com-
pleted a battery of self-report measures that included the Quick
Inventory for Depressive Symptomatology Self-Report 16-Item
(QIDS-SR4) and Generalized Anxiety Disorder 7-Item (GAD-
7), which assessed depressive and anxiety severity, respectively.
In addition, approximately 15-min post-infusion, nursing staff
administered the clinician-administered dissociative states scale
(CADSS) to assess dissociative symptoms during infusion.

Following the completion of the four infusions, patients were
enrolled in the study presented herein which took place from
January 2021 to July 2021. Due to the COVID-19 pandemic, all
study procedures took place remotely. To be enrolled in the study,
participants must have had a previous diagnosis of treatment-
resistant major depression, be between the ages of 18 and 65,
have received at least four infusions of ketamine at the CRTCE,
have no history of substance use disorder, alcohol use disorder, or
psychosis. Once consented to the study, patients were mailed a
genetics kit containing saliva swabs from Inagene Diagnostics
Inc. which were completed at their homes or during their fourth
ketamine infusion appointment.

The Personalized Insights (™) Pain and Mental Health test
from Inagene Diagnostics, Inc. (Toronto, Ontario) was used for
pharmacogenetic testing on all patients. Genomic DNA was iso-
lated from buccal swabs and the genotypes of 116 variants across
56 genes were assessed using the Agena MassArray platform
(Agena Bioscience, San Diego, CA, USA), a robust and highly
sensitive tool for SNP and CNV genotyping that uses matrix-
assisted laser desorption/ionization-time of flight mass spectrom-
etry technology for resolving oligonucleotides (Ellis and Ong,
2017). Diplotype information and pharmacogenetic associations
were assigned by Inagene’s custom algorithms that employ con-
sortia-curated knowledge bases including, but not limited to, the
Clinical Pharmacogenetics Implementation Consortium (https://
CPICPGx.org) and PharmGKB (https://www.pharmgkb.org/).
Metabolizer status for the CYP450 2B6 was delineated into
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categories, based on their activity. Phenotype classifications
included poor metabolizers (PM), intermediate metabolizers,
normal metabolizers, rapid metabolizers, and ultrarapid metabo-
lizers (Desta et al., 2019). The classification was based on the
number of alleles with no functioning, low functioning, normal
functioning, or increased functioning for drug metabolism. For
example, the PM classification was based on two decreased or
non-functioning alleles including the *6/*6, *18/*18, and *6/*18
diplotypes. The foregoing study was approved by a community
institutional research ethics board and registered under the identi-
fier NCT04695405.

Statistical analysis

An effectiveness analysis was conducted on an intention-to-treat
group, wherein all participants received at least one ketamine
infusion and had at least one QIDS-SR16, QIDS-SR16 SI, and
GAD7 score. Two genes (i.e., Valo66Met and CYP2B6) were
selected a priori based on a systematic review by our group iden-
tifying genetic markers of interest associated with ketamine
response (Meshkat et al., 2021). The Hardy—Weinberg equilib-
rium was assessed using a %2 test for both genes. To assess change
in depressive symptoms, suicidality, and anxiolytic symptoms, a
repeated measures linear mixed model was used. An unstructured
matrix was used and data were estimated using a restricted maxi-
mum likelihood approach. The model corrected for sex and age
and the alpha was set to 0.05. Multiple comparisons were cor-
rected using a Bonferroni method for post hoc analyses with
baseline as the reference category. Responders were calculated as
a reduction of QIDS-SR16 Total Score =50% from baseline to
follow-up and remitters were calculated as a QIDS-SR16 Total
Score <5 at follow-up.

Multiple regression was run to determine whether these
genetic markers were associated with treatment efficacy for
depressive severity, suicidal ideation, and anxiolytic response
to intravenous ketamine. Missing data were imputed via the
last observation carried forward. The model controlled for sex
and age.

Results

Clinical characteristics

In total, 85 patients with treatment-resistant major depression
who had previously received intravenous ketamine at the CRTCE
were enrolled in this study. In all, 84 patients completed the
genetics kit and were included in subsequent analyses. Patient
demographics are reported in Table 1.

Treatment effects

There was a main effect of treatment on QIDS-SR16 total score
(F(4, 75.5)=37.7, p<0.001). Depressive symptoms of partici-
pants significantly improved from baseline to post-infusions 2, 3,
4, and follow-up (ps <0.001). Similarly, there was a main effect
of treatment on suicidal ideation (F(4, 76.4)=12.9, p<0.001),
with participants significantly reporting a reduction in their
symptoms from baseline to all subsequent time points (ps < 0.01).
Finally, there was a main effect of treatment on anxiety (F(2,
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Table 1. Baseline demographics (N=84).
Sex n (%)
Female 55 (65.5)
Male 29 (34.5)
Age (SD) 43.11 (13.34)
Race n (%)
Caucasian 74 (88.1)
South Asian 5 (5.9)
Latin American 3 (3.6)
Middle Eastern 1(1.2)
Native American 1(1.2)
Highest level of education n (%)
<High school 2 (2.4)
High school graduate 9 (10.7)
Some University/College 27 (32.1)
Associate’s degree 3 (3.6)
Bachelor’s degree 23 (27.4)
Graduate degree 9 (10.7)
Professional degree 11 (13.1)
Marital status n (%)
Single 37 (44.0)
Married 31 (36.9)
Separated 6 (7.1)
Common law 5 (6.0)
Divorced 4 (4.8)
Widowed 1(1.2)
Val66Met status n(%)
Val/Val 54 (64.3)
Val/Met 29 (34.5)
Met/Met 1(1.2)
CYP2B6 metabolizer status n(%)
Poor metabolizer 5 (6.0)
Intermediate metabolizer 34 (40.5)
Normal metabolizer 41 (48.8)
Rapid metabolizer 4 (4.7)
Mean QIDS-SR16 (SD)
Baseline score 17.4 (4.4)
Post infusion 4 11.7 (5.0)
Mean GAD-7 (SD)
Baseline score 12.6 (5.5)
Post infusion 4 8.7 (5.6)

67.1)=33.3, p<0.001). Bonferroni’s corrected results indicated
that anxiety improved from baseline to post-infusion four and
follow-up visits (ps<<0.001). Figure 1 presents the corrected
change in symptomatology over time. Overall, 22 of 85 partici-
pants met response criteria (i.e., reduction of QIDS-SR16 Total
Score=50%) and 13 participants met remission criteria (i.e.,
QIDS-SR16 Total Score < 5).

Regression models of Val66Met and CYP2B6

Multiple regression was conducted to predict the change in
QIDS-SR16 from baseline to endpoint from the Val66Met geno-
type, sex, and age. Linearity was assessed by partial regression
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Figure 1. Predicted Val66Met regression model scores versus actual scores of (a) change in depressive severity, (b) change in suicidal ideation, and

(c) change in anxiety severity.
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Figure 2. Predicted BDNF regression model scores versus actual scores of (a) change in depressive severity, (b) change in suicidal ideation, and (c)

change in anxiety severity.

plots and there was no evidence of multicollinearity among the
independent variables (variance inflation factor < 1.04). Normality
was assessed by visual inspection of a P-P plot of standardized
residuals. The multiple regression indicated that the Val66Met
genotype, age, and sex were unable to significantly predict the
change in QIDS-SR16 total score F(3, 76)=0.97, p=0.41 (Figure
1(a)). A second multiple regression was conducted predicting
change in QIDS-SR16 by the CYP2B6 metabolizer status, sex,
and age (Figure 2(a)). Assumptions of the test were assessed as
previously described. Similarly, these predictors were unable to
significantly predict changes in depression severity (F(5,
74)=0.18, p=.97). Suicidality was calculated from the baseline
to endpoint change in the SI item of the QIDS-SR16 (Figures
1(b) and 2(b)). Similarly, neither the models containing Val66Met
(F(3,59)=0.73, p=0.53) nor CYP2B6 (F(5, 57)=0.61, p=0.70)
successfully predicted improvements in suicidality. When exam-
ining the anxiolytic properties of ketamine, Val66Met (F(3,
58)=0.34, p=0.80) and CYP2B6 (F(5, 56)=0.63, p=0.68) did
not significantly predict response (Figures 1(c) and 2C). Finally,
the average dissociation score was calculated by averaging the

CADSS score across the four infusions. Val66Met (F(3,
61)=0.66, p=.58) and CYP2B6 (F(5, 59)=0.87, p=0.51) status
was unable to predict dissociation experienced by patients.

Discussion

Overall, the foregoing study was unable to provide evidence that
the Val66Met or CYP2B6 genotypes significantly predict antide-
pressant, anti-suicidal, anxiolytic, or average dissociative
response in patients with treatment-resistant major depression
receiving repeated intravenous ketamine. Although some evi-
dence has suggested that CYP2B6 metabolizer status and BDNF
allele expression may differentially affect the antidepressant
response from a single infusion, to the author’s knowledge, this
is the first study to report that these genotypes are not as relevant
for individuals receiving repeated infusions (Chen et al., 2019;
Laje et al., 2012). The findings from this study suggest that phar-
macogenetic testing may not provide clinicians with predictive
information for individuals receiving repeated infusions of intra-
venous ketamine.
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This study’s finding that the Val66Met polymorphism in the
BDNF gene was unrelated to improvements in patient symptom-
atology comports with findings from Su et al. (2017). While it
has been hypothesized that the lower functioning Met allele may
attenuate ketamine’s antidepressant function, to date, all studies
that evaluated this relationship have been single-dose infusions at
a strength ranging between 0.2 and 0.5 mg/kg (Chen et al., 2019;
Laje et al., 2012). Clinical practice guidelines have suggested
that repeated ketamine infusions ranging from 0.5 to 1.0mg/kg
convey superior clinical outcomes compared to lower dosing
regimens (McIntyre et al., 2021a). As the foregoing study utilized
a repeated dosing protocol at a higher strength than previous
studies, it remains a testable hypothesis whether or not more fre-
quent exposure to ketamine can offset deficiencies of the Met
polymorphism.

This study also reports that the metabolizer status of CYP2B6
was unable to meaningfully predict improvements in depressive
and anxiety symptoms as well as dissociation. These findings
comport with Zarate et al. who found that there was no signifi-
cant impact of the CYP450 family, including CYP2B6 (Zarate
etal., 2012). While some studies have reported a significant asso-
ciation between CYP2B6 polymorphisms and ketamine antide-
pressive response, our population presented with significant
polypharmacy, which was taken adjunctively with ketamine.
Given the large number of medications metabolized by CYP2B6,
other medications may interfere with the metabolism of the drug.
It should be noted however that all patients were required to
pause their medication regimens 6h before their infusions and
could restart post-infusion. Moreover, examination of the hepatic
glucuronidation pathway may be warranted given approximately
80% of ketamine is metabolized and excreted as glucuronic-acid
labile conjugates (Dinis-Oliveira, 2017). It should be further
noted that the route of administration of ketamine in this study
was through intravenous injection, resulting in a 99% bioavaila-
bility. It is possible that the CYP450 enzymes and the hepatic
glucuronidation pathway that metabolize ketamine are not as
effective due to the absence of the first-pass effect (Clements
et al., 1982). Comparatively, the foregoing study cannot be gen-
eralized to patients receiving oral ketamine, as the bioavailability
is approximately 16% and ketamine is rapidly metabolized into
norketamine and dehydronorketamine (Clements et al., 1982;
Dinis-Oliveira, 2017).

It should be noted that patients enrolled in the foregoing phar-
macogenetics study exhibited a commensurate improvement in
depression, suicidality, and anxiety symptoms compared to the
full sample of patients receiving treatment at the CRTCE
(McIntyre et al., 2020b). Overall 25% of the sample were
responders to the treatment, with 15% achieving remission. This
is notable given that the foregoing sample represented patients
with a highly intractable form of TRD. The average number of
unsuccessful past medication trials in this sample was approxi-
mately seven.

A significant strength of this study was that it was conducted
completely remotely due to restrictions from the COVID-19 pan-
demic. All 85 participants who were enrolled in the study were
able to complete the genetics kits and the questionnaires from
their homes. Given the strict restrictions to non-essential in-per-
son research visits, this study demonstrates the feasibility of con-
ducting pharmacogenetics research remotely. Over 96% of
participants in this study reported that the genetics kit was

user-friendly and easy to use. An additional strength of this study
includes the high representativeness of patients with treatment-
resistant major depression, as there are minimal exclusion criteria
for patients enrolled to receive ketamine compared to randomized
control trials. Furthermore, the foregoing study utilized the
QIDS-SR, and GAD-7 self-report measures. Validation studies
have indicated that these measures have strong conceptual cover-
age of depression and anxiety symptomatology (Rush et al.,
2003; Spitzer et al., 2006). Importantly, these scales are sensitive
to change from monoaminergic treatments (Johnson et al., 2019;
Rush et al., 2005). Given the negative finding reported herein, it
remains a testable hypothesis whether scales that measure rapid-
onset treatments, such as the Mclntyre and Rosenblat Rapid
Response Scale, would be more sensitive to genetic markers
(Mclntyre et al., 2021b).

A significant limitation of this study is that it is retrospective,
without a control group comparator. While ketamine has been
well tolerated by the majority of patients who receive treatment
at the CRTCE, this study only recruited patients who completed
a set of four infusions and therefore is unable to evaluate patients
who drop out due to intolerability (Rodrigues et al., 2020).
Another limitation of this study is that blood biomarkers were
not taken post-treatment and therefore plasma concentrations of
BDNF and ketamine metabolites can only be proxied through
the participant’s genotype. It should be further noted that disso-
ciation was measured with the CADSS, which was initially
developed to capture the phenomenology of dissociative symp-
toms in patients with post-traumatic stress disorder. Therefore, it
may not adequately capture ketamine-induced dissociation as a
function of CYP2B6 function. Another limitation is the general-
izability of this study to other formulations of ketamine. It can
be hypothesized that pharmacogenetics may provide insights
into oral and intranasal formulations that may be more suscepti-
ble to first-pass mechanisms, as the bioavailability is less com-
pared to intravenous injection. Finally, as data for this trial were
collected from a real-world population receiving intravenous
ketamine, there was missing data for 18 individuals who were
imputed using LOCF.

Taken together, these results provide evidence that patients
with the different genotypes from the Val66Met and the CYP2B6
genes did not significantly impact the antidepressant, anti-sui-
cidal, and anxiolytic response of intravenous ketamine. Future
studies should look to examine the effects of repeated infusions
of ketamine and its metabolites at varying strengths. For exam-
ple, the inclusions of blood markers that examine ketamine
metabolites (i.e., norketamine and dehydronorketamine) at sev-
eral post-infusion time points may provide additional informa-
tion on whether CYP2B6 status affects ketamine metabolism. It
remains testable whether individuals who metabolize ketamine
slower may require a lower dose of intravenous ketamine to
achieve the same antidepressant effect.
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