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Abstract

Objective—We compare the effectiveness of fluoxetine and desipramine treatment in a
prospective double-blind pharmacogenetics study in Mexican-Americans and examine the role of
whole-exome functional gene variations in their antidepressant response.

Method—232 Mexican-Americans who met DSM-VI diagnostic criteria for major depressive
disorder (MDD) were randomly assigned to an 8-week of double-blind desipramine (50-200 mg/
day) or fluoxetine (10-40 mg/day) treatment after a one-week placebo lead-in period. Outcome
measures included the Hamilton Depression (HAM-D), Hamilton Anxiety, and Beck Depression
Inventory. Whole exome genotyping data were obtained for 36 remitters and 29 non-responders at
week 8.

Results—Our analysis showed that fluoxetine treatment produced greater HAM-D score
reduction, higher response/remission rates, shorter time to response/remission, and lower
incidences of anticholinogeric and cardiovascular side effect events when compared to
desipramine treatment. Pharmacogenetics analysis showed that exm-rs1321744 achieved exome-
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wide significance for treatment remission (P=1.98x1079; FDR=0.05). This variant is located in a
brain methylated DNA immunoprecipitation sequencing site suggesting that it might be involved
in epigenetic regulation of neuronal gene expression. This and two other common gene variants
provided a highly accurate cross-validated predictive model for treatment remission of MDD
[Receiver Operating Characteristic (ROC) = 0.95].

Conclusions—Compared with desipramine, fluoxetine treatment showed a more rapid reduction
of HAM-D score and lower incidence of side effects in a population comprised primarily of first
generation Spanish speaking only Mexican-American individuals with MDD. Our
pharmacogenetics approach strongly implicates the role of functional variants in antidepressant
treatment response. Further, independent studies are needed for replication and validation.
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depression; pharmacogenomics; drug response; antidepressants; desipramine; fluoxetine;
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INTRODUCTION

Efficacy and side effect data for psychotropic medications in the U.S. have been primarily
investigated in non-Hispanic Caucasian populations. Currently, the Hispanic population is
the largest ethnic minority group in the U.S. representing over 37 million people (1). Within
this group, almost 70% are Mexican-Americans. Although this population is growing
dramatically in the U.S., there is insufficient research regarding psychiatric diagnosis and
treatment in this group (2).

Major depressive disorder is a serious public health issue worldwide, with a lifetime
prevalence of 10% to 20% in the general population (3). In their findings, Vega et a/. have
reported U.S. born Mexican-Americans to have a 14.8% lifetime prevalence of major
depression (4). Though Hispanics have participated in antidepressant treatment studies, it
has been difficult to ascertain whether there are any major differences in antidepressant
efficacy in that population. This may be explained by the inclusion of several Hispanic
subgroups in an attempt to illustrate a “Hispanic response” (5), methodological differences,
which makes it difficult to compare multiple studies, and very small sample sizes, which
may result in increased Type Il errors.

A retrospective review suggested that pharmacokinetic factors play a role in the differential
sensitivity to tricyclic antidepressants (TCAS) in depressed Puerto Rican American females
as compared to Anglo females, resulting in greater efficacy, higher adverse drug reactions
(ADRs) and higher drop out rates in the former group (6). Open label antidepressant studies
found that nefazodone had similar efficacy but higher dropouts in a predominantly Hispanic
Caribbean female sample as compared to non-Hispanics from previous nefazodone trials (7),
and no efficacy difference in two selective serotonin reuptake inhibitors (SSRIs), but a
higher drop out rate in Mexican-American females, even though there were more severe
ADRs reported in the non-Hispanic group (8). A more recent study between reported no
differences in efficacy, ADRs or drop out rates between Hispanic and non-Hispanic HIV
patients (9).
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Three recent meta-analyses studies on pharmacogenetics of antidepressants in MDD have
not being able to show genome-wide significant variations (10-12). The non-synonymous
single nucleotide polymorphism (nsSNP) rs6265 in the BONF (brain-derived neutrophic
factor) gene, may have a minor impact in susceptibility to MDD (13) and antidepressant
drug response (11); however, the overall conclusion of these meta-analysis studies is that the
results so far do not support any major effect of any single gene variations in the
pharmacogenetics of antidepressants in MDD. In the present work, we have focused on
functional SNPs based on: 1) The likely significance of a functional SNP in the BDNF gene
(rs6265) in genetic and pharmacogenetics of MDD; 2) Our own recent work which proposed
a predictive framework for the diagnosis of MDD using interactions of multiple functional
SNPs and environmental factors (Wong et al 2012); 3) A growing body of evidence
supporting the involvement of epigenetic mechanisms in MDD and antidepressant action
(14-18).

We present here data on the efficacy and ADR profiles of desipramine and fluoxetine, two
extensively used off-patent antidepressants, and new pharmacogenetics leads that could
advance our understanding of genetic variants implicated in antidepressant treatment
response.

METHOD

The study protocol was approved by the University of California Los Angeles and
University of Miami Institutional Review Boards, and the ANU Human Ethics Committee.
This was a single site prospective double-blind 8-week trial with fluoxetine and desipramine
conducted in the greater Los Angeles area. All subjects had an initial medical evaluation
consisted of a detailed history, physical examination, and blood collection for routine testing
and genotyping, and if enrolled, continued with two study consecutive phases: 1) A 1-week
single-blind placebo lead-in phase to minimize the effect of placebo response; 2) Subsequent
random assignment to two treatment groups: fluoxetine 10-40 mg/day or desipramine 50—
200 mg/day with weekly follow-up visits to assess their clinical status. Written informed
consent was obtained after complete description of the study to the participants. Given the
proven efficacy of these antidepressant medications, a placebo lead-in period followed by
active treatment for all patients was utilized in order to minimize human subjects at risk (19,
20).

Participants

All subjects met the following inclusion criteria: 1) >3 out of 4 grandparents born in Mexico
(21); 2) DSM-IV diagnosis of current, unipolar major depressive episode (22); 3) 21-ltem
Hamilton Depression Rating Scale (HAM-D) (23) score of =18 with item #1 (depressed
mood) rated =2; 4) age between 18-70 years.

Subjects were not able to participate in this study if they had the following exclusion criteria:
1) any axis | disorder other than major depressive disorder (e.g. dementia, psychatic illness,
bipolar disorder, adjustment disorder) or primary anxiety disorders; 2) active medical
illnesses that could be related to the ongoing depression (e.g. untreated hypothyroidism,
recent myocardial infarction or cerebrovascular incident within the previous six months,
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uncontrolled hypertension or diabetes); 3) current suicidal ideation with a plan and strong
intent, or recent serious suicide attempt; 4) pregnant, lactating, or women of childbearing
age not using contraception; 5) history of electroconvulsive therapy in the previous six
months; 6) current use of medications with central nervous system activity which interfere
with EEG activity or any other antidepressant treatment within 2 weeks prior to enrollment;
7) history of poor response to therapeutic treatment with desipramine or fluoxetine; 8) illicit
drug use and/or alcohol abuse in the previous three months; 9) current enrollment in
counseling or psychotherapy treatment (24).

Recruitment and Outcome Measures

All subjects were recruited by advertisements in bilingual newspapers, radio, and television.
Informed consent, questionnaires and assessment scales were given in their preferred
language (English or Spanish). In addition, clinical staff also participated in health fairs,
conferences, and cable network programs. Some subjects were also referred by regional
outpatient community clinics.

The presence of a current major depressive episode was determined by the Structured
Clinical Interview for Diagnosis (SCID) (25). The mean Kappa score for sensitivity and
specificity among raters was between 0.84-0.85. In addition, a research psychiatrist
confirmed their DSM-IV diagnoses. Symptom severity was rated by experienced, bilingual
clinical personnel using Spanish or English versions of the HAM-D (23), Hamilton Anxiety
Rating Scale (HAM-A) (26), Global Assessment Scale (GAS) (27), Beck Depression
Inventory (BDI) (28) and Center for Epidemiological Depression Rating Scale (CESD) (29).
Subjects also completed an acculturation questionnaire to determine their language
preference, education level, and generation status.

Interventions and Treatment

All participants received one week of single-blind placebo to minimize the effect of placebo
response, which was defined as 25% or greater decrease in HAM-D score compared to the
screening visit and/or HAM-D score less than 18. The remaining subjects were randomly
assigned to receive either fluoxetine or desipramine in a 1:1 ratio for an 8-week double-blind
phase. Subjects initially received 10 mg fluoxetine/50 mg desipramine per day, which
increased at week 2 to 20 mg fluoxetine/100 mg desipramine per day. At week 4, doses were
increased in subjects who showed less than a 25% decrease in their HAM-D scores to 30 mg
fluoxetine/150 mg desipramine per day. At week 6, doses were increased to 40mg
fluoxetine/200mg desipramine per day if HAM-D >12. The staff and participants were
aware of dose escalation, which happened only if the previous dose was well tolerated, but
they were blind to the drug. At the end of the study, subjects were referred to a psychiatric
clinic of their choice for follow-up treatment. Random antidepressant blood levels were
collected to ascertain medication adherence but not to obtain therapeutic levels.

Statistical Analysis

Our analyses included all randomized subjects who received at least one week of drug and
were performed using SAS version 9.1.3 (SAS Institute, Cary, N.C). The primary outcome
measure consisted of the 21-item HAM-D. At the end of the 8-week double-blind phase,
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each subject was assessed according to the HAM-D score reduction from week 0 to week 8.
The secondary outcomes of interest were changes in HAM-A, BDI, CESD, and GAS scores.
Categorical classification was defined as: remission if HAM-D<8, response if HAM-D
reduction = 50%, and non-response if HAM-D reduction <50%. Remission and response
were compared between treatment groups. Descriptive statistics for continuous variables
were presented as means with standard deviations and summary statistics for discrete
variables were presented as percentages. Student-t tests were used to compare the means of
age, acculturation score and baseline clinical measurements. Chi-square or Fisher exact tests
were used to compare the percentage of demographic characteristics and side effect events.

For repeated continuous outcome measures analyses, the likelihood-based mixed-effects
model as the primary analysis of efficacy was used to assess differences between treatment
groups in changes from baseline across 8 weeks. The model included the categorical effects
of treatment, week at treatment, treatment-by-week interaction and gender, as well as
continuous covariates of baseline score and age. Mixed-effects model for repeated measures
(MMRM) analyses of changes from baseline were conducted using PROC MIXED in SAS.
A SAS macro was written for covariance structure selection by comparing Akaike’s
Information Criterion (AIC) and Schwarz’s Bayesian Criterion (BIC) using Compound
Symmetry (CS), Unstructured (UN), first order Autoregressive [AR(1)] and Huynh-Feldt
(HF) covariance structures based on “the smaller is better” criterion. For each outcome
comparison, the covariance structure was used if the sum of AIC and BIC is smallest.

For repeated analyses of dichotomous outcomes (remission and response), the modified
Poisson regression model with robust error variance estimated by generalized estimating
equation (GEE) approach (30) was used to estimate the adjusted relative risk (aRR) and
performed with PROC GENMOD in SAS. To compare the time to response or remission
between the two treatment groups, Cox regression analysis was performed with PROC
TPHREG in SAS using “DISCRETE” option to handle ties in the event time. Gender, age
and baseline scores were included in all models as covariates. A two-side /£< 0.05 was
considered for statistical significance for all the analyses.

Pharmacogenetics Procedures

Whole Exome Genotyping—Genomic DNA of 65 completers, 36 remitters and 29 non-
responders at week 8, were subject to whole exome genotyping performed by the Australian
Genome Research Facility Ltd (AGRF, Melbourne, Australia), an lllumina® Certified
Service Provider (CSPro) for the Infinum Genotyping Service. We used the lllumina®
HumanExome BeadChip-12v1_A which covers putative functional exonic variants selected
from over 12,000 individuals. The exonic content consists of >250,000 markers representing
diverse populations—including European, African, Chinese, and Hispanic individuals—and
a range of common conditions, such as type 2 diabetes, cancer, metabolic, and psychiatric
disorders. Samples with calls below of the Illumina® expected 99% SNP call rate were
excluded. To test genotyping reliability and quality, an individual was duplicated. The
Identity by Descent (IBD) between all pairs of individuals was estimated and used for
quality control.

Am J Psychiatry. Author manuscript; available in PMC 2017 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wong et al.

Page 6

Quality Control and Filtering—GenomeStudio data was imported to SVS 7.6.7, Golden
Helix’s® (Golden Helix, Inc. Bozeman, MT, USA (http://www.goldenhelix.com), an
integrated collection of analytic tools for managing, analyzing, and visualizing multifaceted
genomic and phenotypic data.

Parameters for excluding markers from analyses included: (i) deviations from the Hardy-
Weinberg equilibrium with A<2x1077 (0.05/250.000 markers) in both cases and controls
(this avoids the exclusion of major effect causal variants), (ii) a genotype call rate >90%,
(iii) more than two alleles, and (iv) monoallelism. Genotype and allelic frequencies were
estimated by maximum likelihood.

Genetic Stratification Analysis—We estimated the Inbreeding Coefficient (# in order
to detect the presence of hidden biological relatives in the sample, which might reduce the
independence of the data. The Fixation Index (£, between pairs of subpopulations, cases
and controls, was estimated to evaluate the potential presence of genotype stratification
(micro differentiation); a common cause of spurious associations. Independently, an
additional correction of putative population stratification was applied with 10 principal
component analyses (PCA) to normalize genotypic data by its actual standard deviation.

Exome-Wide Association Analysis—The genotypic (additive model) and allelic tests
of association were applied. Multiple test correction to determine exome-wide significance
was performed using the false discovery rate approach (FDR). Mixed linear models where
applied as a tool to include in the analyses fixed factors (sex, age, treatment) and random
effects (family or population structure), and to contrast with other analytical tools, different
from PCA, the effects of potential inbreeding (by inclusion of the kinship matrix as defined
by IBD). We did apply the single-locus mixed model (SLMM) (assumes that all loci have a
small effect on the trait) and the multi-locus mixed model (MLMM) (assumes that several
loci have a large effect on the trait) as implemented in SVS 7.6.7, Golden Helix’s®.
Separation of variants in common and rare was based on Myers criterion of 1% and data
from the 1000 genomes was used for this filtering step. Linkage disequilibrium analysis was
also implemented using SVS 7.6.7.

Advance Recursive Partitioning (tree-based) Approach (ARPA—Rao has
suggested that recursive partitioning techniques should be highly recommended for genetic
dissection of complex traits (31). ARPA is widely used in predictive analyses as it accounts
for non-linear and interaction effects, and it offers fast solutions to reveal hidden complex
substructures and provides truly non-biased statistically significant analyses of high
dimension seemingly unrelated data (32).

ARPA accounts for the effect of hidden interactions better than alternative methods and is
independent of the type of data, i.e., categorical, continuous, ordinal, etc., and of data
distribution types, i.e., fitting or not fitting normality (31). Furthermore, results supplied by
tree-based analytics are easy to interpret visually and logically (32). Therefore, to generate
the most comprehensive and parsimonious classificatory model to predict MDD remission
after treatment, we applied ARPA using a set of different modules implemented in the
Salford Predictive Modeler® (SPM) software, namely, CART, Random Forest, and Tree-Net
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(http://www.salford-systems.com). SPM is a highly accurate, and ultra-fast analytics and
data-mining platform for creating predictive, descriptive, and analytical models from
databases of any size, complexity, or organization. One important advantage of SPM when
compared to other available software is that SPM is able to use raw data with sparse or
empty cells (a common problem when dealing with genetic data).

CART is a non-parametric approach whereby a series of recursive subdivisions separate the
data by dichotomization (33). The aim is to identify, at each partition step, the best
predictive variable, and its best corresponding splitting value, while optimizing a splitting
statistical criterion, so the data set is successfully divided into increasingly homogeneous
subgroups (33). We used a battery of different statistical criteria as splitting rules, e.g., Gini
Index, Entropy, and Twoing, to determine the splitting rule decreasing the relative cost of the
tree the most while increasing the prediction accuracy of target variable categories (33). The
best split at each dichotomous node was chosen by either a measure of between-node
dissimilarity or iterative hypothesis testing of all possible splits to find the most
homogeneous split (lowest impurity) (33). Similarly, we used a wide range of empirical
probabilities (priors) to model numerous scenarios recreating the distribution of the targeted
variable categories in the population (33). Following this iterative process, each terminal
node was assigned to a class outcome (remitter or non-responder).

To avoid finishing with an over fitted CART predictive model (a common problem in CART
analysis), and to ensure that the final splits were well substantiated, we applied tree pruning
(33). During the procedure, predictor variables that were close competitors (surrogate
predictors with comparable overall classification error to the optimal predictors) are pruned
to eliminate redundant commonalities among variables, so the most parsimonious tree would
have the lowest misclassification rate for an individual not included in the original data (33).

Furthermore, to exactly identify the most important set of variables predicting MDD
remission, we applied the Random Forest methodology using a bagging strategy (34). The
Random Forest strategy differs from CART in the use of a limited number of variables to
derive each node while creating hundred to thousand of trees (34). This strategy has proven
to be immune to the over fitting generated by CART (34). In the Random Forest strategy,
variables that appeared repeatedly as predictors in the trees were identified. The
misclassification rate was recorded for each approach.

The TreeNet strategy was used to complement the CART and Random Forest analyses
because it reaches a level of accuracy that is usually not attainable by single models (CART)
or by ensembles such as bagging (Random Forest) (35). The TreeNet algorithm generates
thousands of small decision trees built in a sequential error-correcting process converging on
an accurate model (35).

To obtain honest assessments of the derived models and have a better view of their
performance on future unseen data, we applied a cross—validation strategy where both
training with all the data and then indirectly testing with all the data was performed. To do
so, we randomly divided the data into 10 separate partitions (folds). This strategy allowed us
to have a cross-validation and review the stability of results across multiple replications (33).
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A cross-validation is a model validation technique for assessing how the results of a
statistical analysis will generalize to an independent data set and the n-fold cross-validation
technique is designed to get the most out of datasets that are too small to accommodate a
hold-out or test sample. For our specific problem, we use a maximization algorithm that
allows us the validation of our whole genome analysis original results by considering n-fold
subsamples of the original set. So we use cross-validation to be able to both train with all the
data and then indirectly test with all the data as well.

We also applied a categorical approach to link the set of genotypes of the associated marker
(rs1321744) by using Latent Class Analysis to identify unobservable subgroups within the
subset of completers who were genotyped (remitters and non-responders).

Disposition and Baseline Characteristics of Patients

We phone interviewed 4,323 people to schedule 1,223 structured clinical interviews. A total
of 338 participants were enrolled, of those 232 (112 on desipramine and 120 on fluoxetine)
received at least one dose of drug and were included in the intent-to-treat (ITT) analysis (Fig
1S); 166 subjects completed 8 weeks of treatment (Fig 1S) and 66 did not complete the
study either because they dropped out, were non-adherent, or were terminated (34% on
desipramine and 23% on fluoxetine; XZ =3.19, df=1, P=0.074). No significant differences
were found in mean retention time in non-completers (t=0.33, df=64, £=0.742), and in
demographic and baseline clinical characteristics between treatment groups (P= 0.156, Table
1S). Our participants were primarily (60%) first generation Spanish speaking only Mexican-
Americans with 6-12 years of education (Table 1S).

Primary Outcome —-HAM-D Score

Table 1 summarizes the mean HAM-D score changes (least-square means after adjustment
for age, gender, and baseline score). MMRM analysis revealed a between-subject effect of
treatment (F=4.45, df=1, 227, P=0.036; LS-means change difference=1.0, 95% confidence
interval [CI]=0.1-1.9), within-subject effect of treatment time (F =76.38, df=1,1312,
£<0.001), and no interaction between treatment and time (F =1.60, df=7,131, £=0.133). At
the endpoint (week 8) fluoxetine showed an advantage over desipramine of 2.6 (95%
Cl=1.1-4.2; F=10.71, df=1,131, P=0.001). No gender-specific effect was found (F < 0.54,
df=1, 227, P=0.463) on HAM-D score reductions but significant effects were found in
baseline HAM-D scores (F = 23.27, df=1, 227, £<0.001). MMRM revealed an age effect on
HAM-D reduction (coefficient=-0.1; F=5.89, df=1, 227, £=0.016).

Table 2 presents the clinical response and remission rates after adjusting for age, sex, and
baseline HAM-D score. At the endpoint, the fluoxetine group had 1.3-1.4-fold significantly
higher response or remission rate. Survival analysis revealed that fluoxetine produced a
faster response (HR=2.01, 95%CI=1.40-3.13; X2:13.08, df=1, £<0.001) or remission
(HR=1.57, 95%CI=0.98-2.51; 1 ?=3.54, df=1, P=0.060; Fig. 2S).

Am J Psychiatry. Author manuscript; available in PMC 2017 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wong et al.

Page 9

Secondary Outcomes — HAM-A, BDI, CES-D and GAS Scores

The results of MMRM revealed a significant between-subject effect of treatment on the
difference in mean changes in HAM-A, BDI and GAS scores (Table 1). The fluoxetine
group showed better improvement in HAM-A, BDI, CESD, and GAS scores than the
desipramine group. Significant interactive effects of treatment and time were found BDI
(F=2.09, df=7,199, P=0.005) and GAS scores (F=4.92, f=7,135, £=0.028). The fluoxetine
group had smaller BDI drop in the first 4 weeks and greater reduction in the last 3 weeks
(weeks 6-8). CESD scores showed treatment effect (F=5.30, df=1,211, P=0.022) at weeks
5-7, but not at week 8. Baseline scores showed significant effects on specific score changes
(P<0.05). No gender effect was found, and age showed a significant effect only on GAS
increase (MMRM: F=4.59, df=1,190, £=0.033 and LOCF: F=10.39, df=1, 198, P=0.002).

Adverse Drug Reactions (ADRS)

Overall, ADR data indicated that 78% (182/232) of subjects receiving treatment had one or
more side effects (Table 2S). There were no differences in the overall occurrence of ADRs
between treatment groups (90/112 in desipramine vs 92/120 in fluoxetine; XZ =0.47, df =1,
P=0.495). However, compared by category, desipramine treated patients showed significant
higher occurrence of anticholinogeric ADRs (XZ =4.96, df =1, P=0.026), cardiovascular
ADRs (X2 =7.22, df=1, P=0.007), perspiration, tingling/parasthesias, blurred vision,
orthostatic by pulse, and palpitations (XZ, £<0.05).

Exome-Wide Association Analysis

ARPA

After filtering out markers not meeting either quality control criteria or variability
requirements, 52,103 variants remained for further analyses (Fig. 1). The estimation of the
F¢ coefficient reported a value of 0.001 that according to Price et al. (36), may be corrected
by PCA using 50,000 SNPs. After PCA correction, we found that a single SNP marker
located in chromosome (Chr) 6 (exm-rs1321744) achieved exome-wide significance (P=1.98
X1076 and FDR=0.05, Fig. 2 & Table 3). This marker is located in a methylated DNA
immunoprecipitation sequencing site (MeDIP-seq raw data) obtained using postmortem
human frontal cortex gray matter (UCSC Genome Browser, http://genome.ucsc.edu), which
suggest its involvement in epigenetic regulation of neuronal gene expression. Interestingly,
other top markers, which did not attain exome-wide significance, are also located in
methylated DNA sites (Table 3). Linkage disequilibrium (LD) block harboring exm-
rs1321744 does not harbor any gene; however, there are three genes surrounding exm-
rs1321744; TBX18, NT5E, and SNX14.

The ARPA generated a classification tree where the five main splitters variants were: exm-
rs1321744, exm-rs350035, and exm-rs7679 (Fig. 3A). Both, left and right terminal nodes
have a conspicuous power to discriminate between remitters (category 1) and non-responder
(category 0). The ROC (Receiver Operating Characteristic) integral to evaluate the predictive
accuracy of this derived model is 0.9454, which described the high sensitivity and specificity
of the tree to discriminate between remitters and non-responders (Fig. 3B). As presented in
Supplementary Figure 3S, the TreeNet and Random Forest analyses shows that after 150

Am J Psychiatry. Author manuscript; available in PMC 2017 December 28.


http://genome.ucsc.edu

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wong et al.

Page 10

simulated trees, the classification error is lower than 10% for both the training and the
testing sample, and the ROC curve converge to values higher than 90% for both the training
and the testing samples. Furthermore, the Random Forest and the TreeNet analyses, which
disclosed the same set of variables as the main predictors of MDD remission and also
discard the possibility of model over fitting described for the CART analyses (Fig. 3S).

Finally we applied a categorical approach to link the set of genotypes of the associated
marker (exm-rs1321744) using Latent Class Analysis that shows how the patterns of
remission as depicted by the Hamilton scores, split the set of patients in two significantly
different clusters associated to the three genotypes CC, CT and TT (Figure 4). Cluster 1,
constituted by remitters and depicted by crosses is associated to the CC genotype, exm-
rs1321744. In red, cluster 2 constituted by non-responders is associated to the CT genotype,
exm-rs1321744. Treatment with either desipramine or fluoxetine did not produce any
significant additional splitting of these two clusters.

DISCUSSION

In this single site double-blind antidepressant trial of predominantly first generation
Mexican-American patients, we found that both fluoxetine and desipramine were effective;
however, fluoxetine-treated patients had significantly better HAM-D, HAM-A, BDI, and
GAS scores than desipramine-treated patients across all analytical approaches. The
advantage of fluoxetine over desipramine was also evidenced by a faster response time in the
survival analysis, lower occurrence of anticholinogeric and cardiovascular ADRs, and a
smaller drop out rate. These clinical outcomes contrast with previous studies showing
similarities in efficacy between SSRIs and TCAs (37) and no difference in the response rate
to treatment in intention-to-treat analysis between SSRIs and TCAs (38).

Our results are in concordance with data showing higher dropped out rates in TCA-treated
subjects due to either lack of efficacy or adverse reactions (30.0 vs. 24.7%)(38). TCAs have
historically been found to have moderate to severe ADRs (39); SSRIs are associated with
milder ADRs that may diminish as treatment continues and also exhibit lower toxicity and
lower lethality when taken in an overdose situation (40). Our overall comparable tolerability
between desipramine and fluoxetine could be related to the close monitoring of our patients,
which improve TCAs outcomes in depression (41). Our data supported a higher dropout rate
and occurrence of anticholinergic and cardiovascular side effects in desipramine-treated
patients. Previous studies have indicated that Africans are more sensitive to TCAs (42, 43),
and populations with higher African genetic admixture rates, such as Puerto Rican
Americans, have increased ADRs and dropout rates with TCAs (44). This could also have
contributed to an increased sensitivity to TCAs in our Hispanic subgroup with an African
genetic admixture.

To our knowledge, this is the first double blind, randomized, placebo lead-in trial conducted
in the U.S. comparing the clinical efficacy and tolerability of antidepressants in depressed
individuals of Mexican descent. The reasons for the lack of prospective randomized clinical
trials in ethnic minorities are multiple and include difficulties in recruitment and retention of
appropriate subjects, and significantly less adherent to antidepressant therapy during the
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initial one hundred day period (45). Considerable resources were needed for our study.
Recruitment was challenging despite the fact that over 8 million persons of Mexican descent
live in California (1), including 3 million in Los Angeles County. We conducted more then
4300 telephone interviews and scheduled 1223 screening visits in order to obtain 166 study
completers. A World Health Organization study showed that, treatment with TCAs was more
cost-effective than those with SSRIs in fourteen different populations (including Mexico and
the USA), particularly in lower-income sub regions (46). However, in our study fluoxetine
treatment produced a better and faster response than desipramine in first generation
Mexican-Americans with mild to moderate MDD, suggesting that fluoxetine may constitute
a better drug of first choice for patients of Mexican descent.

Our whole exome genotyping approach identified one functional intergenic SNP in Chr 6
with exome-wide association with remission (£=1.98 X10~6, FDR=0.05), which is
remarkable given the small number of remitters (n=36) and non-responders (n=29).
Mexicans are an admixture of Europeans, Native Americans, and Africans but a
considerable proportion of their ancestry is Caucasian (47). For European descendent
populations, A<7.2X1078 is regarded as compellingly significant for a genome-wide effect
(48) but this assumption is appropriate for hypotheses that are tested on a genome scale (49).
Our results strongly support the involvement of common functional variants in
antidepressant drug response, specifically of brain methylation sites. Not much is known
about the function of the intergenic exm-rs1321744, but growing clinical and pre-clinical
evidence has implicated brain epigenetic changes in stress, depression, and antidepressant
action (14-18); however, that body of work has focused mainly on the hypothalamic-
pituitary-adrenal axis (HPA) regulation.

Even though linkage disequilibrium (LD) block harboring exm-rs1321744 does not harbor
any gene, there are three genes surrounding the significant associated peak namely: 7BX18,
NT5E, and SNX14. TBX18encodes a member of an evolutionary conserved family of
transcription factors that plays a crucial role in embryonic development. N75E encodes a
plasma protein membrane that catalyzes the conversion of extracellular nucleotides to
membrane-permeable nucleosides. SN X274 encodes a member of the sorting nexin family
that is involved in intracellular trafficking. The encoded protein also contains a regulator of
G protein signaling domain that act as GTPase activating proteins for G alpha subunits of
heterotrimeric G proteins.

Our ARPA results suggest that the phenotype for antidepressant response is polygenic, as
tree analysis showed that 3 common functional SNPs could predict remitter/non-responder
status with 94% accuracy in our population. The top main splitter exm-rs1321744 was
discussed above but, intriguingly, the other main splitter variants (exm-rs7679 and exm-
rs350035) are located in regions relevant to lipoprotein function; rs7679 (in the PC/FI gene,
Chr20) has genome-wide association with blood lipoprotein concentrations (50), and
intergenic exm-rs350035 in Chr5 is 10 nucleotides away from rs351629, a genome-wide
SNP associated with triglycerides phenotype (51) (source DBGap).

Limitations of our study include:
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1. The genotyping was only done on 65 subjects - out of 166 who completed 8
weeks of treatment, out of 232 ITT subjects. We used Student-t test to evaluate
differences between completers who were genotyped and completers without
genotyping. We found no differences in their week 8 HAM-D scores Table 3S
(online supplementary material). These results support our findings against the
presence of any ascertainment bias given that they show that the sample is
representative of the whole set.

2. Blood levels were not included as co-variates, as they were randomly collected at
different times of the day. Due to logistics, some patients could only come for
follow-ups in the evening.

3. The absence of placebo is another important limitation. However, as the
efficacies of desipramine or fluoxetine were well known when we designed our
study, it would be ethically problematic to justify a placebo arm. To minimize
placebo response in our study, patients received placebo in the first week of their
treatment. Placebo was given single-blinded; patients knew that they were going
to receive one week of placebo at some point in their treatment course, but staff
knew that the placebo week was in first week of treatment. In our study, we
determined a priorithat placebo response was a reason to remove participants
from this study. Therefore, we believe that in our study SNPs are likely to predict
response to antidepressant treatment and not improvement.

Our study population has following distinctive characteristics: 1) The phenotype of drug
response was evaluated with great detail in a specific subgroup of Hispanics in a single site
by the same bilingual clinical research team and 2) A cohort of predominantly first
generation Mexican-Americans, which standardized the stress exposure level to a significant
and chronic one related to immigration factors (52, 53). Further studies are required to
confirm these findings and validate them in other ethnic populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. Process used to filter out SNP Exomic Variants Genotyped with the Illumina®
HumanExome BeadChip-12v1_A in a Mexican-American Cohort of Patients with Major
Depressive Disorder (MDD) under Antidepressive Treatment to Evaluate Pharmacogenetic
Response As Remitters (n=36) and Non-Responders (n=29)

From 247,876 SNPs 195,773 were discarded because they were either monoallelic, had
more than two alleles, had a call rate lower than 90%, or their genotype proportions deviated
from the expected ones as defined by the Hardy-Weinberg equilibrium theorem in both cases
(Remitters) and controls (Non-responders), A<2 x 10~7. The remaining 52,103 SNPs were
used for Exome-Wide Association Analysis.
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Fig 2. Manhattan Plot to Evaluate Pharmacogenetic Response As Remitters (n=36) and Non-

responders (n=29)

Genotype model (additive) after correcting stratification by principal component analysis
(PCA) was used. A unique significant peak at chromosome 6 was found significant after
correction for multiple comparisons by FDR. In the inset, the principal component analysis
shows absence of stratification between remitters and non-responders (right box), and a Q-Q

plot depicts the fitting of XZ against the XZ expected distribution (left box).
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Reconstructed classificatory tree showing those variants involved in the process of
branching. B. The ROC (Receiver Operating Characteristic) integral = 0.9454.
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Fig 4. Patterns of Hamilton Depression (HAM-D) scores split the set of patients in two
significantly different clusters associated to the exm-rs1321744 genotypes

Cluster 1 depicted by crosses is constituted by remitters and associated to the CC genotype.
Cluster 2 in red is constituted by non-responders and associated with CT genotype.
Treatment with either desipramine or fluoxetine did not produce any significant additional
splitting of these two clusters.
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