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Objective: Genetic variation within the hypothalamic-pituitary-
adrenal (HPA) axis has been linked to risk for depression and
antidepressant response. However, these associations have yet
to produce clinical gains that inform treatment decisions. The
authors investigated whether variation within HPA axis genes
predicts antidepressant outcomes within two large clinical trials.

Method: The test sample comprised 636 patients from the
International Study to Predict Optimized Treatmentin Depression
(iISPOT-D) who completed baseline and 8-week follow-up visits
and for whom complete genotyping data were available. The au-
thors tested the relationship between genotype at 16 candidate
HPA axis single-nucleotide polymorphisms (SNPs) and treat-
ment outcomes for three commonly used antidepressants
(escitalopram, sertraline, and extended-release venlafaxine),
using multivariable linear and logistic regression with Bonferroni
correction. Response and remission were defined using the
Hamilton Depression Rating Scale. Findings were then validated
using the Predictors of Remissionin Depression to Individual
and Combined Treatments (PReDICT) study of outcome pre-
dictors in treatment-naive patients with major depression.

Results: The authors found that the rs28365143 variant within
the corticotropin-releasing hormone binding protein (CRHBP)

Disturbances of the hypothalamic-pituitary-adrenal (HPA)
axis, amajor component of the mammalian response to stress,
have been consistently documented in major depressive
disorder. Both corticotropin-releasing hormone (CRH), a key
regulator of the axis, and cortisol, its end product, play critical
roles in coordinating the endocrine, behavioral, autonomic,
and immune responses to stress (1). Plasma concentrations
of cortisol have been linked not only to risk for depression
but also to illness course and treatment outcome in major de-
pression (2, 3). Although genetic variation within HPA axis
genes (including those for CRH and its receptors) has been
linked to depression risk and prognosis, it remains unknown
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gene predicted antidepressant outcomes for remission, re-
sponse, and symptom change. Patients homozygous for the
G allele of rs28365143 had greater remission rates, response
rates, and symptom reductions. These effects were specific
todrugclass. Patients homozygous for the Gallele responded
significantly better to the selective serotonin reuptake in-
hibitors escitalopram and sertraline than did A allele carriers.
In contrast, rs28365143 genotype was not associated with
treatment outcomes for the serotonin norepinephrine re-
uptake inhibitor venlafaxine. When patients were stratified by
race, the overall effect of genotype on treatment response
remained. In the validation sample, the GG genotype was
again associated with favorable antidepressant outcomes,
with comparable effect sizes.

Conclusions: These findings suggest that a specific CRHBP
SNP, rs28365143, may have a role in predicting which patients
will improve with antidepressants and which type of anti-
depressant may be most effective. The results add to the
foundational knowledge needed to advance a precision ap-
proach to personalized antidepressant choices.
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whether genetic variation within the HPA axis contributes
to a differential prediction of outcomes for specific types
of antidepressants. In this study, we sought to determine
whether individual variation within five HPA axis genes was
predictive of antidepressant response, and if so, whether this
prediction was related to antidepressant type.
Dysregulation of the HPA axis was one of the earliest
reported biological characteristics of major depression (4, 5),
and it appears to be a central feature of the pathophysiology of
depression. Depressed individuals have been shown to ex-
hibit higher salivary and plasma cortisol concentrations (2, 6)
as well as impaired cortisol suppression by dexamethasone
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and altered 24-hour cortisol amplitude (2, 7). In addition,
high levels of morning cortisol have been linked to an elevated
risk for depression in adolescents (8, 9). Unsurprisingly,
upstream regulators of cortisol, including CRH and its re-
ceptors and binding protein, have also been implicated in
depression. Elevated CRH concentrations have been re-
peatedly reported in the CSF of depressed individuals (10, 11)
and individuals who died by suicide (12). Disturbances in the
HPA axis have also been postulated to correspond with illness
course, as HPA axis dysfunction appears to worsen with the
number of successive depressive episodes a patient experi-
ences (13, 14). Yet other studies have reported either no
difference between cortisol levels in depressed and compar-
ison patients or reduced cortisol levelsin depressed individuals
(15, 16). Thus, the picture regarding HPA dysfunction, and cor-
tisol dysfunction in particular, appears to be a mixed one, varying
as a function of type of measurement, time of measurement, and
patient characteristics (for a review, see reference 17).

Given the potential role of CRH and cortisol in the path-
ophysiology of depression, variation in the genes regulat-
ing this pathway has been explored as a potential risk factor
for depression. CRH binds to two membrane-bound recep-
tors (CRHR1 and CRHR2) and forms a complex with
corticotropin-releasing hormone binding protein (CRHBP)
both in the periphery and in the CNS. The formation of this
complex regulates the amount of free CRH, which in turn
controls direct CNS response to CRH and indirectly affects
the amount of cortisol released by the adrenal glands. Cortisol
then binds to the glucocorticoid receptor NR3C1 throughout
the cortex and the rest of the body, regulating downstream
biological and behavioral responses to stress (18). Cortisol
system variation that has been found to be associated with
depression diagnosis includes two SNPs within CRHBP
(rs7728378 and rs1875999) (19), as well as one SNP in the
CRHRI gene (rs110402) that is thought to mediate the re-
lationship between childhood trauma and the development
of depression (20). Another variant in CRHRI, rs4076452,
was found to correlate significantly with depression severity
rating (as well as psychosis in depression) (21). In addition, one
CRHR2 SNP (CRHR2s183) has been associated with unipolar
depression, although this association was not replicated in a
separate cohort (22). A constellation of SNPs within the glu-
cocorticoid receptor NR3C1 was also found to be associated
with both cortisol levels and psychosis in major depression
(21), providing further evidence that the HPA axis plays a key
role in depressive symptomatology.

HPA axis dysregulation may also be associated with re-
covery from depression. Treatments for major depression,
including pharmacotherapy, may (at least partially) begin to
normalize these HPA axis abnormalities (3, 23, 24), sug-
gesting that the normalization process itself may be related
to treatment outcome. Moreover, it is possible that baseline
HPA axis function (potentially influenced by variation in
genotype) may interact with pharmacotherapy to affect
the probability of treatment response, independently of
treatment-dependent changes in HPA axis function. Recent
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research appears to support this hypothesis: two loci within
CRHRI (the SNP rs242941, as well as a three-SNP haplotype),
together with loci within CRHR2 (rs2270007) and CRHBP
(rs10473984), have all been associated with treatment re-
sponse to various antidepressants (25-28). However, it is
unknown whether additional variants within this system
contribute to general or class-specific antidepressant response
in depression. In sum, it appears that genetic variation is
related to both HPA axis function and depression treatment
response, but the precise interaction between genetics and
treatment response has yet to be fully explored.

Our primary goal in this study was to establish whether
variation in five CRH and cortisol-related genes (CRH,
CRHRI1, CRHR2, CRHBP, and NR3C1) contributes to symp-
tom outcomes following acute antidepressant treatment
in major depression. We first assessed whether variation in
these genes predicts symptom reductions across three
commonly prescribed antidepressants (escitalopram, ser-
traline, and extended-release venlafaxine), irrespective of
antidepressant type. Next, we assessed whether CRH and
cortisol-related genotype predicted outcomes based on an-
tidepressant type—selective serotonin reuptake inhibitors
(SSRIs) (escitalopram and sertraline) versus serotonin-
norepinephrine reuptake inhibitors (SNRIs) (venlafaxine).
The ultimate goal is to develop treatment-specific response
probabilities based on genetic variation in order to guide
treatment decisions in a personalized manner.

METHOD

Trial Design

The International Study to Predict Optimized Treatment in
Depression (iSPOT-D) is a multisite randomized practical
clinical trial designed to identify predictors of antidepressant
efficacy in major depressive disorder. A total of 1,008 adults
with major depression were assessed across 17 sites in the
United States, the Netherlands, Australia, New Zealand, and
South Africabetween December 2008 and January 2012 (29).

Participant Inclusion and Exclusion Criteria
Participants met primary inclusion criteria, including a
DSM-IV diagnosis of nonpsychotic major depressive disor-
der as assessed by the Mini International Neuropsychiatric
Interview, version 5.0, a score =16 on the Hamilton De-
pression Rating Scale (HAM-D), and age between 18 and
65 years. Participants were excluded if they had a positive
urine toxicology screen, a comorbid psychotic disorder,
posttraumatic stress disorder, an axis I1 personality disorder,
or any medical condition that might interfere with assess-
ments or medication safety. Additional details are provided in
the protocol report (29).

Treatment

Participants, who either were antidepressant naive or un-
derwent a washout period of at least 1 week, were randomly
assigned to receive escitalopram, sertraline, or extended-release
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venlafaxine, using a block design by PhaseForward’s validated
web-based interactive response technology (29). Research
personnel involved in subsequent study assessments were
blind to randomization. After randomization, medications
were adjusted by treating clinicians according to clinical
judgment and recommended dosage ranges. Treatment for
concomitant medical conditions was permitted and recorded
(for sample details, see reference 30).

Genotyping
Genotype extraction was performed using the Puregene DNA
method (Qiagen, Valencia, Calif.) on EDTA-treated blood.
Genotyping was done using the Illumina VeraCode Golden Gate
SNP genotyping platform (Illumina, Hayward, Calif,) by Covance,
Inc. (Seattle). Sixteen candidate SNPs from four HPA axis genes,
along with 663 other candidate loci in genes that have been
implicated previously in depression, were selected for geno-
typing. To specifically investigate the role of the HPA axis in
depression, the present study focuses only on the 16 HPA axis
SNPs within the genes CRH, CRHBP, CRHR1, CRHR2, and NR3CL
We also screened for deviation from Hardy-Weinberg
equilibrium at each of the 16 SNPs of interest (Table 1). Because
our sample included Caucasian and non-Caucasian groups,
recorded using standard World Health Organization formats,
we also calculated the p values for deviation from Hardy-
Weinberg equilibrium for the two largest racial subgroups in
our sample, white and black participants. Although three SNPs
deviated from Hardy-Weinberg equilibrium in the entire
sample, none deviated significantly in either ethnic subgroup.

Sample Characteristics

Of the 1,008 patients randomly assigned to antidepressant
treatment, complete genotype data were available for 900. Of
these, 636 also completed the 8-week posttreatment follow-
up visit. The 636 patients who were genotyped (i.e., had
genotype information at >50% of the candidate SNPs) and
completed 8 weeks of treatment constituted the sample for
the present analysis. (For details, see the CONSORT flow
diagram in Figure S1in the data supplement that accompanies
the online edition of this article.)

The 636 patients with complete genotype data did not
differ significantly in demographic, clinical, and medication
dosage characteristics from the initially randomized sample
0f 900 patients with complete genotype information (Table 2)
or from the full randomized sample 0f1,008. Allelic frequency
of all 16 SNPs also did not differ between those who com-
pleted the study and the full sample (see Table S1in the online
data supplement).

Treatment Outcome Measures

The primary outcome measures used in this study were
consistent with the protocol for the iSPOT-D study (29).
Acute outcomes were assessed after 8 weeks of clinician-
monitored antidepressant treatment using the clinician-rated
symptom change assessed by the 17-item HAM-D. In the
present study, we assessed percent reduction in HAM-D
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score, absolute score reduction, response (defined as a re-
duction of =50% in HAM-D score), and remission (defined as
a score =7 on the HAM-D).

Statistical Analysis: Treatment QOutcome Prediction

by Genotype

The first aim of the study was to determine whether the
genotype of any of the 16 candidate SNPs predicted the
magnitude of symptom improvement after 8 weeks of anti-
depressant treatment. Linear regression for each SNP was
performed with percent reduction in HAM-D score as the
primary outcome measure and the candidate SNP (see Table 1)
as a predictor. We followed an additive allelic model, with
genotype coded as 0, 1, or 2, representing number of alternate
alleles in each individual. However, to preserve power in SNPs
at which fewer than 20 participants had the homozygous al-
ternate genotype, genotype was coded as a binary variable
representing the presence of any alternate alleles. Age and
recruitment site were included as covariates in each regression
model, because they were significantly associated with our
outcomes of interest, as has been reported previously (32). As
in that previous study, recruitment sites were grouped by
geographic location into seven groups, each with a minimum of
50 participants. Each SNP was then individually regressed on
outcome in a regression model including covariates, and all
SNPs that significantly predicted outcome above and beyond
covariates are reported here. We used the eigenvalue-based
method described by Li and Ji (33) to determine the effective
number of hypotheses being tested given observed linkage
disequilibrium between candidate SNPs; this yielded 13 ef-
fective hypotheses and a corrected significance threshold (p)
of 0.003938. For the purposes of completeness, we report all
SNPs with uncorrected p values below 0.05.

Linear regression was used to assess prediction of con-
tinuous measures of symptom change. Because there are small
statistical differences between using percent and linear re-
duction as an outcome measure, all results obtained with
percent change as the outcome variable were validated using
absolute HAM-D score reduction and controlling for initial
score as well.

Following the same approach, we used logistic regression
to assess binary treatment outcomes of response and re-
mission, as defined above. In addition to the covariates of
age and recruitment site, baseline HAM-D score was also
included as a covariate when assessing remission status.
A corrected p value of 0.00398 was used as the threshold
for statistical significance, with all p values <0.05 reported
for completeness. This correction was based on adjustment for
the number of SNPs (each was a separate hypothesis) but not
for outcome measures, which are metrics derived from the
same measure.

Validation Sample

The SNPs that were significantly associated with treatment
response in the initial iSPOT-D cohort were then validated
using an independent sample of patients from the Predictors
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TABLE 1. Candidate SNP Information in a Study of Antidepressant Outcomes and Genetic Variation in Corticotropin-Releasing Hormone

Binding Protein?

Major/Minor Minor Allele H-W p: White H-W p: Black

Gene SNP Chr:pos Allele Frequency (%) H-W p Participants Participants
CRH rs3176921 8:66179144 A/G 17.2 2.2x1078 0.40 0.06
rs5030875 8:66181831 A/C 5.3° 0.95 0.69 0.76
CRHBP rs10055255 5:76968168 T/A 46.7 0.0013 0.26 0.26
rs28365143 5:76952261 G/A 7.4° 0.36 0.40 0.40
CRHR1 rs110402 17:45802681 C/T 46.3 0.19 0.61 0.61
rs1876828 17:45834159 C/T 18.5 0.13 0.96 0.96
rs242924 17:45808001 T/G 46.1 0.05 0.40 0.56
rs242939 17:45818213 T/C 9.7° 0.41 0.21 0.73
rs4076452 17:45778528 G/C 16.0° 0.96 0.93 0.71
rs6472257 8:66179945 C/T/IG 11.9 (G)P 0.50 0.60 0.91
CRHR2 rs2267712 7:30672618 C/A 17.2 0.46 0.95 0.57
rs2270007 7:30660356 C/G 17.9 0.031 0.52 0.81
rs2284216 7:30672345 G/T 11.0° 0.50 0.93 0.64
rs4723003 7:30686125 C/T 10.7° 0.58 0.81 0.39
NR3C1 rs6918 5:143278056 A/C 13.8° 0.40 0.17 0.59
rs2963156 5:143378931 C/T 19.2 0.52 0.94 0.92

2 Positional information was determined using genome build GRCh37.p7, and allele frequency according to the 1000 Genomes Project (Ensembl). When multiple
locations and/or nucleotides were listed for a given SNP, the forward strand location and genotype were selected. H-W=Hardy Weinberg.

® |n these instances, because there were fewer than 20 participants homozygous for the alternate allele in our sample, regression models were based on a binary
genotype classification: 0=homozygous reference, 1=presence of alternate allele.

of Remission in Depression to Individual and Combined
Treatments (PReDICT) trial (34). To achieve equivalence of
treatment arms in the original iSPOT-D and validation
PReDICT samples, only PReDICT patients assigned to either
of the two pharmacotherapy arms, consisting of treatment
with either escitalopram or duloxetine, were included for
validation. Although duloxetine was not used in the original
iSPOT-D cohort, it belongs to the same medication class
(SNRI) as venlafaxine. The full description of this sample has
been published previously (34); further details can be found
in the Supplementary Methods section in the online data
supplement. In this sample, rs28365143 genotype was im-
puted based on genome-wide markers from the Illumina
Omni-Express array data using the 1000 Genomes Project
phase 3 reference haplotypes with IMPUTE2 (35) and pre-
phased with SHAPEIT2 (36). Among participants with
complete imputed genotypes for rs28365143 (N=141), the
best-guess genotype call rate in the full sample was 0.9338.

Validation was evaluated using the primary outcome of
percent reduction in HAM-D score and the secondary out-
comes of absolute HAM-D reduction, response, and remission.
Because of the smaller sample size of the validation cohort,
particularly the limited number of participants with the A
allele at rs28365143, and the focus on two rather than three
medication arms, we focused the validation on the overall
effect of SNP on treatment response and not on additional
interactions testing differential outcomes based on antide-
pressant class.

Statistical Analysis: Treatment Outcome Prediction by
Genotype and Drug Class

To determine whether the relationship between genotype
and treatment outcome was moderated by antidepressant
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type, treatment arm was introduced as an interaction term to
the logistic and linear models mentioned above that met
the uncorrected significance threshold of p<<0.05 in the
original sample. The significance of the interaction between
drug type (SSRI versus SNRI) and genotype was reported,
along with the main effect for genotype within each med-
ication class. To verify that any significant differences in
the SSRI class were not due to a larger sample size for that
class, we also conducted regressions to determine the in-
teraction between individual drug (escitalopram, sertraline,
venlafaxine) and genotype. The interaction term between
genotype and each drug type was then assessed for signif-
icance (p<<0.05).

As in the previous analysis, the above multivariable linear
regressions were conducted with percent change in HAM-D
score as the primary outcome variable, followed by multi-
variable logistic regressions with response and remission as
the binary dependent outcome variables. The same set of
covariates (age, site, and initial HAM-D score for computa-
tion of score reduction and meeting the remission criterion)
were used as in the preceding main effect analysis. This in-
teraction was explored only in the original iSPOT-D cohort
because of power considerations and the smaller size of the
validation (PReDICT) sample.

Statistical Analysis: Stratification by Ethnicity

Given the potential for population stratification to cause false
positive associations in genetic association studies, we strati-
fied our original GSPOT-D) sample by Caucasian versus non-
Caucasian participants and examined the association between
genotype and outcome for each SNP that was significantly
associated with treatment outcome in the entire sample.
More specific stratification by ethnicity was not possible
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TABLE 2. Characteristics of Participants Who Completed the Study Compared With the Full Genotyped Sample in a Study of
Antidepressant Outcomes and Genetic Variation in Corticotropin-Releasing Hormone Binding Protein

Participants Who Completed the

Variable Study (N=636) All Genotyped Participants (N=900)
N % N % p?

Female 359 56.4 508 56.4 1.00
Race 0.97

White 382 60.1 423 47.0

Black 97 152 105 11.7

Asian 43 6.7 51 57

Other 89 14.0 104 11.6

Missing 25 39 217 24.1
Antidepressant 1.00

Escitalopram 206 324 299 33.2

Sertraline 225 35.4 304 33.8

Venlafaxine (extended release) 205 32.2 297 33.0

Mean SD Mean SD p?

Antidepressant dosage (mg/day)

Escitalopram 12.0 6.0 12.1 7.0 0.83

Sertraline 61.0 33.2 59.8 331 0.69

Venlafaxine (extended release) 80.7 415 78.9 42.0 0.66
Equivalent dosageb (mg/day)

Escitalopram 89.6 449 90.6 52.4 0.83

Sertraline 91.6 49.7 89.7 49.6 0.69

Venlafaxine (extended release) 80.7 41.5 78.9 42.0 0.66
Age at baseline visit (years) 38.9 12.8 38.1 127 0.22
Age at illness onset (years) 23.3 122 231 121 0.80
Duration of illness (years) 151 12.6 14.4 122 0.30
Hamilton Depression Rating Scale®

Baseline score 218 4.07 21.84 41 0.71

Posttreatment score 9.7 6.36

@ All p values are based on chi-square tests or t tests of nonmissing data only in each sample.
b Equivalent dosages were calculated by converting daily doses of escitalopram and sertraline into equivalent doses of venlafaxine using the equation

7.5 X escitalopram dose = 1.5 X sertraline dose = 1 X venlafaxine dose (31).
€ Hamilton Depression Rating Scale has a maximum possible score of 42.

because of the small numbers of non-Caucasian participants
in our sample belonging to each ethnic subgroup (a total of
254 participants; 97 black, 43 Asian, 114 other). Because of
power considerations and the small number of patients with
many of the alternate genotypes receiving SNRI treatment,
stratification by ethnicity, genotype, and treatment type was
not performed. In addition, because of the smaller size of
the validation sample (67 Caucasian, 74 other), stratifica-
tion by ethnicity was only performed in the larger iSPOT-D
cohort.

RESULTS

Treatment Outcome Prediction by Genotype

Of the 16 SNPs, only one (rs28365143, within the gene CRHBP)
significantly predicted the primary outcome measure (percent
HAM-D score reduction) before (p<<0.05) and after Bonferroni
correction (p<<0.003938). Overall, the GG genotype (homozy-
gous reference) was associated with a larger percent reduction
in HAM-D score compared with genotypes containing A
alleles (AG/AA) (B=—0.12, p=9.9x10~°) (Figure 1). (For re-
sults of candidate SNPs that did not meet statistical signifi-
cance, see Table S2 in the online data supplement.) Similarly,
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only rs28365143 emerged as a significant predictor of
absolute HAM-D score reduction, with the GG genotype
again associated with greater score reductions (B=—2.51,
p=2.5X10"%).

The same associations were observed for the two clinical
outcome measures, response and remission, with significant
associations between rs28365143 genotype and response
(odds ratio=0.46, uncorrected p=0.0017) and remission (odds
ratio=0.36, uncorrected p:1.6><1074). Again, rs28365143 was
the only SNP that was significantly associated with out-
comes, and these associations withstood Bonferroni cor-
rection (Figure 1).

Validation Sample

In the validation sample, participants who were homo-
zygous for the reference allele (GG genotype) also showed
greater percent reductions in HAM-D score after 8 weeks
of pharmacotherapy with either escitalopram or duloxetine
(B=—0.178, p=0.034). When it came to the secondary out-
comes of interest—absolute reduction in HAM-D score,
response, and remission—the homozygous reference
genotype was associated with a favorable effect on antide-
pressant outcomes, although these results did not reach the
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FIGURE1. CRHBPrs28365143 Genotype and Predicted Reductions
in Depressive Symptoms Based on Regression Models in Both the
Original and Validation Cohorts?
Original Sample (iSPOT-D)
100 1.00

Predicted % change or probability

% Change Response Remission
W AA/AG genotype (N=88)
B GG genotype (N=545)
------ Sample mean
Validation Sample (PReDICT)

100 1.00
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B AA/AG genotype (N=12)
B GG genotype (N=129)
------ Sample mean

2@ Predicted percent reduction in Hamilton Depression Rating Scale (HAM-D)
score and probability of response and remission were calculated for
each CRHBP rs28365143 genotype using the regression models de-
scribed in the text. To calculate the expected output for an "average”
participant, all other covariates (age, sex, initial HAM-D score, site) were
set to the mean value for that variable in the cohort. The p values are
those of the beta coefficient in the linear or logistic regression model.
iSPOT-D=International Study to Predict Optimized Treatment in Depres-
sion; PReDICT=Predictors of Remission in Depression to Individual and
Combined Treatments.

b p<0.003938, Bonferroni-corrected threshold for 13 hypotheses.

©p<0.05, uncorrected.
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threshold for statistical significance, likely because of the
smaller size of the validation sample. Notably, however, the
size of the effect of the rs28365143 genotype on treatment
outcome was equivalent between the original iSPOT-D
sample and the validation PReDICT sample (Table 3). Ar-
guably, given the differences in sample sizes, the effect size is
a more comparable metric for establishing reproducibility
than p value.

Treatment Outcome Prediction by Genotype and

Drug Class

There was additionally a significant interaction between
rs28365143 genotype and type of antidepressant (p=0.014) in
the original iSPOT-D cohort when predicting percent re-
duction in HAM-D score. Patients homozygous for the ref-
erence allele (GG) had better outcomes (greater percent
reductions in HAM-D score) than carriers of the alternate A
allele when treated with an SSRI (escitalopram and sertraline
arms combined, Bgnp=—0.17, p=5.02X10 ). This result held
when the escitalopram and sertraline arms were analyzed
individually (see Table S3 in the data supplement). While
rs28365143 genotype was not a significant predictor of
treatment outcome in patients taking the SNRI venlafaxine
(Bsnp=—0.01, p=0.89), the homozygous reference geno-
type was linked to a 16%—18% greater reduction in HAM-D
score for patients taking SSRIs (escitalopram: Bgnp=—0.18,
p=5.81X10"%; sertraline: Bgnp=—0.16, p=0.0020). The inter-
action of rs28365143 and type of antidepressant was repro-
duced when we analyzed absolute reduction in HAM-D
score (B=—3.21, p=0.031) and response (B=—1.48, p=0.0066).
When it came to remission, while the effect of A allele
was significant for both SSRIs combined (Bgnp=—1.33,
p=4.47X10"°) and each individually (escitalopram: Bgnp=
—1.30, p=0.0032; sertraline: Bgyp=—1.38, p=0.0036), the
overall interaction was not significant (3=—1.03, p=0.071). As
illustrated in Figure 2, patients homozygous for the reference
allele (GG) had consistently better outcomes than carriers
of the alternate A allele, irrespective of how outcome was
quantified, and specifically when treated with SSRTs. Again,
these interactions were not assessed in the validation cohort
because of its limited sample size.

Stratification by Ethnicity

In both the Caucasian and the non-Caucasian subgroups
of the original iSPOT-D cohort, the alternate allele of
rs28365143 was again associated with smaller percent re-
ductions in HAM-D score (Caucasian: B=—0.11, p=0.009;
non-Caucasian: B=—0.12, p=0.011), and the magnitude of
this association was comparable to that of the entire sample
(see Table S4 in the data supplement). Because of the re-
duction in power due to stratification, however, the sig-
nificance of this association did not withstand correction for
multiple hypothesis testing in either subgroup. However,
the magnitude and direction of the association between
genotype and treatment outcome was comparable to thatin
the entire sample when the secondary outcomes of linear
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reduction in HAM-D score,
response, and remission were

O'CONNELL ET AL.

TABLE 3. Regression Coefficients for the Association of SNP With Antidepressant Treatment
Response in the Original iISPOT-D Test Sample and in the PReDICT Validation Sample®

examined. Original Sample (iISPOT-D) Validation Sample (PReDICT)
(N=636) (N=141)
DISCUSSION Measure Estimate p - Estimate p
Percent reduction B=-0.12 9.9X10 B=-0.178 0.034
We report on new evidence for  Linear reduction B=-251 25%x1074 B=-3.578 0.031
the role of the SNP rs28365143, Response Odds ratio=0.46 0.0017 Odds ratio=0.31 0.069
> Remission Odds ratio=0.36 1.6x107% Odds ratio=0.32 0.11

within an intron ofthe CRHBP

gene, in predicting antide-
pressant treatment outcomes.
This predictive relationship
was specific to SSRIs and not
the SNRI venlafaxine, particularly when looking at Caucasian
patients. Patients homozygous for the reference G allele
showed greater symptom improvement than patients who
were carriers of the alternate A allele, particularly in re-
sponse to escitalopram and sertraline. These SNP-outcome
relationships were reproducible across multiple measures
of symptom improvement within the original sample, and
the association with the primary outcome measure of
percent reduction was replicated in a separate validation
cohort.

To our knowledge, these findings are the first to suggest
that rs28365143 has a specific and robust role in predicting
antidepressant outcomes for multiple SSRIs. The effects for
rs28365143 survived stringent correction for multiple hy-
pothesis testing in the full sample but not in the Caucasian
subgroup, although the magnitude of the association was the
same. Given the strength of this association and the lack of
association between treatment outcomes, medication type,
and the 15 other HPA-axis SNPs evaluated in this study,
these data indicate that rs28365143 may have a specific
role in SSRI outcomes. This suggestion is consistent with
a previous report of an association between rs28365143
and self-reported symptom improvement (28), although
that observation did not withstand correction for multiple
testing and did not extend to response and remission
rates.

Itisnotable that the present findings show thatrs28365143
is a predictor of remission, given that remission is the
pathway to recovery from major depression (37). While the
allele frequency of the minor A allele was relatively low in
both the original and the validation sample (7.4% and 7.9%,
respectively), it is important to consider that the major allele,
comprising respectively 92.6% and 92.1% of the samples, was
associated with a greater probability of remission. The ability
to identify patients who are more likely to remit on an an-
tidepressant, in addition to identifying those not likely
to remit, would be an important improvement over cur-
rent heuristic practices. The observed odds ratio for pre-
diction of remission (0.36) is large enough to illustrate that
the findings have potential utility for clinical translation.
To test explicitly for clinical translational utility, it would
be important to conduct a randomized controlled trial that
tests the additional benefit of prospectively guided treatment
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2 iSPOT-D=International Study to Predict Optimized Treatment in Depression; PReDICT=Predictors of Remission in
Depression to Individual and Combined Treatments.

based on this candidate SNP compared with traditional
heuristic prescribing. Investigating the clinical impact of
using genetic information to guide antidepressant treatment
choices, as well as the sensitivity and specificity of genetic
markers and other biomarkers in identifying responders
and nonresponders, is a line of inquiry that has been ad-
vocated by many others in the field (38-41).

Given the fact that epistatic interactions may interact with
different background allele frequencies in different ethnic-
ities, it may be important to consider these results in the
context of stratification by ethnicity. Unfortunately, the small
number of non-Caucasian participants in the present study
made stratification by non-Caucasian ethnicity impractical.
While the impact of SNP on outcomes observed in Caucasian
and non-Caucasian subgroups was of the same magnitude
and direction as the effect that was seen in the overall sample,
the majority of these associations did not survive correction
for multiple hypothesis testing (excluding remission in the
Caucasian sample). Furthermore, well-powered studies are
necessary to verify this association between rs28365143 and
depression outcomes as well as the interactions with drug
class in a variety of different ethnic backgrounds.

Because CRH has been implicated broadly in depression
and its treatment, we had anticipated predictive relationships
among the 15 other HPA axis SNPs and treatment outcomes.
It is possible that treatment-predictive relationships for the
other HPA axis SNPs depend also on moderation by other
demographic or patient characteristics or by different anti-
depressant mechanisms of action. In the STAR*D trial,
rs10473984 (also within CRHBP) was associated with de-
creased responsiveness to escitalopram (28). However, we
note that this association was specific to African American
and Hispanic subgroups of the STAR*D sample, while the
present sample was primarily Caucasian. In both Mexican
Americans and Han Chinese, three haplotype-defining SNPs
(rs1876828, rs242939, and rs242941) have been related to
response to desipramine and fluoxetine (25, 26). We did not
find such relationships for these three SNPs and response to
escitalopram and sertraline. It is of note, however, that both
previous studies observed this relationship only in the high-
anxiety subgroup of their samples, consisting of 54 partici-
pants in the Licinio et al. study (25) and 85 participants in
the Liu et al. study (26). The small samples in which this

ajp.psychiatryonline.org 257


http://ajp.psychiatryonline.org

ANTIDEPRESSANT OUTCOMES AND GENETIC VARIATION IN CRH BINDING PROTEIN

FIGURE 2. Drug Class—Specific Effects of CRHBP rs28365143 Genotype on Response to
Pharmacotherapy in the Original iISPOT-D Cohort?
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allele, it is possible that the
true causative SNP may be in
linkage disequilibrium with
rs28365143. A SNP annotation
and proxy search (SNAP) (46)
reveals 21 nearby SNPs whose
correlations with rs28365143
have r? values >0.7. Although
none of these are expression
quantitative trait loci, two of
the proxy SNPs (rs41272246
and rs75439203) are classi-
fied as “likely to affect tran-
scription factor binding” by
RegulomeDB (47). It is pos-
sible that variants of CRHBP
may be affected differentially
by changes in serotonergic
and noradrenergic neuro-
transmission caused by phar-
macotherapy for depression.
A shift in the balance be-
tween the actions of these
neurotransmitters and the
CNS effects of CRH (in ad-
dition to downstream pro-
duction of cortisol in response
to stress caused by differ-

b p<0.05.

association was observed and the different ethnic back-
ground of each of these samples (compared with our pre-
dominantly Caucasian sample) makes the lack of replication
less surprising. Fluoxetine also belongs to the SSRI class of
antidepressants, yet it has a distinct profile of pharmacologic
specificity and tolerability. Given this distinct profile, it is
possible (although speculative) that distinct CRH SNPs have
a specific impact on response to fluoxetine that is separate
from the effect of rs28365143 on response to escitalopram
and sertraline. This possibility may apply more obviously
to desipramine, which belongs to the tricyclic class of
antidepressant.

The precise biological role of rs28365143 also warrants
further investigation. Itis located within an intron of CRHBP,
and its function, if any, remains largely unexplored. CRHBP is
thought to regulate levels of free CRH available for receptor
binding, which in turn affects downstream cortisol release
(42). (For further discussion of CRHBP and its roles, see the
Extended Discussion section in the online data supplement.)
In addition, CRH also has direct effects within the CNS
governing response to stress, particularly in the amygdala and
the locus ceruleus (43-45). Thus, it is possible that different
alleles at this locus or nearby may alter the expression,
structure, or function of CRHBP, thus having an impact on
downstream effects of CRH and cortisol, direct response to
stress, or both. When it comes to identifying the causative
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ential levels of CRH) may
account for the differential
treatment response associated with rs28365143 genotype.
Further work is required to clarify the causal SNP re-
sponsible for this association with treatment response and to
clarify the potential biological mechanism for this association,
perhaps starting with the effect of rs28365143 on cortisol levels
and reactivity.
1t is also worth considering the clinical relevance of our
finding that the genotype of CRHBP SNP rs28365143 may
predict differential response to the SSRIs escitalopram and
sertraline, but not necessarily venlafaxine, in the iSPOT-D
cohort. While duloxetine belongs to the same class of med-
ication as venlafaxine (both are SNRIs), the PReDICT vali-
dation sample was not large enough to test this differential
response according to treatment class. Mechanistically, the
precise effects of antidepressants at the neurotransmitter
level, and the role of cortisol and genetic variation in mod-
erating these effects, remain speculative. While cortisol-
moderating genes within the HPA axis may exert their
treatment-modifying effects via serotonin and norepineph-
rine, itis also possible that this effect involves the HPA axis as
well (48, 49). For example, Binder et al. (28) found that an
allele of another SNP within CRHBP was shown to associate
not only with lack of response to escitalopram in major de-
pression but also with exaggerated dexamethasone sup-
pression of cortisol and higher plasma corticotropin levels.
Overall, more research is necessary to determine whether
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CRHBP rs28365143 influences CRH or cortisol levels and to
clarify the exact ways in which cortisol, norepinephrine, and
serotonin levels interact and are influenced by pharmacologic
therapy for major depression. It may be possible in the future
to combine genetic information with information about
neurotransmitter levels, brain function, and environmental
factors to further refine treatment decisions (50).

There are several important limitations to this study. First,
the sample was predominantly Caucasian. We addressed this
issue to the greatest extent possible by implementing analyses
with a stratification of Caucasian versus non-Caucasian par-
ticipants, which did not affect the magnitude or direction of
the association. The findings also replicated in the PReDICT
sample, which was more heterogeneous. Seeking to repli-
cate the present results in distinct and homogeneous ethnic
and racial subgroups would be an important next step. In
addition, future studies could directly examine the prediction
of remission in patients stratified by both rs28365143 genotype
and treatment type, to examine the drug class-specific nature
of this effect and determine whether it is altered by differ-
ences in genetic background. The focus on a sample of study
completers rather than on an intent-to-treat sample may be
an additional limitation, as this could have introduced bias
by excluding participants who did not complete the 8-week
follow-up visit. This choice was made in order to relate can-
didate genetic variants to treatment outcomes, consistent with
abiomarker trial approach. Notably, HPA axis genotype had no
effect on study completion in any of 15 candidate SNPs. In
addition, other baseline characteristics, such as age, sex, race,
initial depression severity, and age at onset, did not differ
between the two groups.

CONCLUSIONS

This work supports a potential role for the SNP rs28365143
within CRHBP in predicting response to pharmacotherapy
for depression. To our knowledge, this is the first report on a
significant role of this SNP in prediction of treatment out-
comes in major depression, and also the first study to compare
the effects of HPA axis variation across treatment types.
Further work is necessary to understand whether the effect of
this SNP pertains to other therapies for major depression,
such as ECT and cognitive-behavioral therapy.

Overall, pharmacogenomics appears to be a promising
avenue for the personalization of psychiatric pharmacother-
apy, specifically through targeted genotyping. We are opti-
mistic that this precision approach to antidepressant choices
will eventually help improve physicians’ treatment decisions,
decrease the number of failed treatment trials and time to
remission, and limit disability due to major depression.
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