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Supplementary Methods 
Predictive models 
The predictive models used in this study were developed in a previous paper (Fabbri et al., 2020) and 

the corresponding receiver operating characteristic (ROC) curves are shown in Supplementary Figure 

1. Each predictive model was developed in a training set of patients treated with serotonergic 

antidepressants (n=269) and the ROC curves were obtained by testing the models in an independent 

testing sample treated with serotonergic antidepressants (n=118).  
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The genetic predictors were the burden of rare (from exome sequencing) and common variants (from 

genome-wide genotyping) in 83 genes selected as predictors of treatment-resistant depression (TRD) 

in the training sample. These genes are involved in the regulation of immune response, second 

messenger cascades, gene expression, cell growth, differentiation and survival; 39 (47%) of them 

were previously associated with psychiatric traits (Supplementary Table 2). These 83 genes were 

selected in the training sample based on their Correlation-Adjusted T (CAT) score and Local False 

Discovery Rate (LFDR) using a five-fold cross-validation repeated 20 times (100 rounds in total). 

The CAT score is a multivariate generalization of the standard univariate T-test statistic that takes the 

correlation among variables explicitly into account and the LFDR estimates the probability of a 

predictor to be non-informative with regard to phenotype prediction given its CAT score (Zuber and 

Strimmer, 2009) (Zuber and Strimmer, 2011). We selected predictors that had a LFDR smaller than 

0.8 in > 50% of the rounds (Iniesta et al., 2018). This process reduces dimensionality and select 

variables with higher probability of being informative, reducing the risk of overfitting. 

For each gene, a weighted score reflecting the burden of variants was calculated as follows: 
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where n is the number of genetic variants within the gene, vall is the number of alternative alleles, ws 

is the corresponding Eigen score (reflecting the functionality of the variant (Ionita-Laza et al., 2016)) 

and wf  is the frequency weight for that variant (the rarest a variant is, the highest the risk of having 

functional consequences) (Ionita-Laza et al., 2013). Thus, the score is not dependent from the 

presence of specific variants which could not be observed in some of the tested samples, but from the 

general burden of variants in a certain gene and their risk of having functional effects on protein 

function/levels. This approach was used in order to estimate the effect of rare variants for which the 

effect size cannot be reliably estimated even in large samples. Further details can be found in a 

previous publication (Fabbri et al., 2020).  

The clinical predictors consisted in a weighted sum of five clinical variables, independently 

associated with TRD in the training set and weighted for their z score:  
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Where n is the number of predictors available in each subject (to avoid exclusion of subjects with one 

or two missing variables). The predictors were: chronic depression, number of depressive episodes > 

3, suicidal ideation, MADRS interest-activity score (items 6, 7 and 8) ³ 13 and MADRS pessimism 

score (items 9 and 10) ³ 7. For continuous variables, cut-offs were set at the 75th percentile of the 

distribution in the training sample.   



 3 

Weights were 6.76 for chronic depression, 2.71 for number of depressive episodes > 3, 2.80 for 

suicidal ideation, 2.81 for MADRS interest-activity score, and 2.01 for MADRS pessimism score. 

MADRS interest-activity and pessimism scores were calculated as previously described (Uher et al., 

2012). In GENDEP and TRD2, there were no subjects with chronic depression according to the DSM-

IV definition (duration of the episode of at least two years), thus we used one year as threshold since 

there is some evidence that outcome is poorer after one year (Khan et al., 1991). The maximum 

number of depressive episodes in GENDEP was 3, thus we used >2 (75th percentile) as threshold 

instead of >3. 

We decided to no select the combination of sensitivity and specificity which maximizes the area under 

the curve (AUC) of the ROC, because it would imply values of specificity which are not compatible 

with clinical application (for example, for the curve in A it would mean a specificity of 0.67, thus 

33% of non-TRD patients would be wrongly classified as TRD, significantly increasing the number 

of patients in the combined treatment arm, with increased costs and no additional clinical benefit). It 

is desiderable to reduce the risk of false positives also in order to avoid a possible nocebo effect in 

this group of patients. Under this view, we selected combinations of sensitivity-specificity which 

maximized specificity and had still reasonably good sensitivity (sensitivity=0.62 and specificity=0.77 

for clinical and genetic predictors, sensitivity=0.62 and specificity=0.70 for clinical predictors, red 

arrows in Supplementary Figure 1). We performed a sensitivity analysis by selecting a further reduced 

sensitivity and an optimized specificity in both A (sensitivity=0.38 and specificity=0.92) and B 

(sensitivity=0.42 and specificity=0.82), as indicated by the purple arrows in Supplementary Figure 1.  

 

Estimation of transition probabilities  

The probabilities of transition from depression to remission and response in the standard care (ST) 

group were based on a previous meta-analysis at T1 (first cycle, 12 weeks) (Jakobsen et al., 2017), 

while they were based on the percentage reduction in response and remission probabilities reported 

in STAR*D levels 2-4 from T2 (second cycle) forward (Sinyor et al., 2010). Response probabilities 

are lower than remission probabilities because the overlap between the two groups was eliminated 

(i.e., at T1 we assumed that all remitters were also responders; from T2, the overlap between response 

and remission was based on STAR*D levels 2-4). For example, at T1 remission to pharmacotherapy 

was reported to occur in 38% of patients and response in 49% of patients (Jakobsen et al., 2017), thus 

response was set to 11%. At T2, there was a decrease of 0.16 in response probability according to 

STAR*D, and 78.8% of responders were also remitters, thus response was set to (0.49 – 0.16) - (0.49 

– 0.16) *0.788 = 0.07 (Warden et al., 2007).  This process is detailed in Supplementary Table 4 for 

all time points. Remission and response probabilities stabilized between levels 3 and 4 according to 
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the Quick Inventory of Depressive Symptomatology–Self report (QIDS-SR) scale, thus we assumed 

that they would remain stable from T4 forward.  

Two meta-analyses were used to estimate the probabilities of response and remission to combined 

pharmacotherapy and psychotherapy (de Maat et al., 2007) (Cuijpers et al., 2014). Remission at T1 

was reported to be 0.46 (de Maat et al., 2007), while response was calculated based the number needed 

to treat (NNT) in community samples (Cuijpers et al., 2014), which is 6.41 (001 =
(

0+#)!"#$%&'(	20+#))*+,#+!"-*',+).
; 6.41 = (

0+#)!"#$%&'(	23.56
; &'7%-/78&%+, = 0.64). A total response 

of 0.64 corresponds to 0.18 after exclusion of remitters (0.46). Response and remission from T2 

forward are hypothesized to follow the same reduction pattern described above for pharmacotherapy.  

The procedure applied is exemplified in Supplementary Table 4 and the resulting response and 

remission probabilities are shown in Figure 1. According to the response and remission probabilities 

estimated in the pharmacotherapy group, the prevalence of TRD to pharmacotherapy is 31%, which 

is in line with the literature (Souery et al., 1999) (Conway et al., 2017) and confirms the validity of 

our approach.  

For calculating response and remission probabilities in the PGx-CL-R and CL-R groups, we assumed 

that patients treated with combined treatment (true positives and false positives) would have the 

response and remission probabilities reported for this treatment in the literature, as the meta-analyses 

used for calculating the response and remission rates to combined treatment were not focused on 

TRD. However, it is interesting to note that effect size of combined treatment vs. pharmacotherapy 

does not seem to change between general MDD samples and TRD samples (Ijaz et al., 2018), 

supporting the hypothesis that combined treatment works in a similar way in patients who are 

predisposed to pharmacotherapy resistance and those who are not. For patients identified as non-TRD 

by the test (true negatives), we hypothesized that response and remission probabilities would be the 

ones observed in the pharmacotherapy group considering that TRD patients have virtually zero 

response-remission probability to pharmacotherapy. For example, remission at T1 in non-TRD would 

be  

x ´ 0.69 + ~0 ´ 0.31 = 0.38; x = 0.38/0.69 = 0.55 

In this way, non-TRD have response and remission probabilities to pharmacotherapy which are 

similar or better to the ones reported for combined therapy, which supports the hypothesis that the 

increased benefit of combined therapy is selectively observed in patients who are predisposed to 

pharmacotherapy resistance. In summary, remission probability at T1 in the PGx-CL-R group would 

be (assuming sensitivity of 0.62 and specificity of 0.77):  

(true positives + false positives) ´ 0.46 + true negatives ´ 0.551 + false negatives ´ 0 = (0.192 + 

0.166) ´ 0.46 + 0.524 ´ 0.551 + 118 ´ 0 = 0.454 
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Probabilities for the other time points and response were calculated according to the same approach 

and are reported in Supplementary Table 5.  

The probability of transition from depression to suicide was considered the same for all treatment 

strategies and it was based on the rate of suicide in 2016 in the United Kingdom (UK) (World Health 

Organization (WHO), 2016) and the data that 50% of death by suicide are related to depressive 

disorders (Bachmann, 2018).   

The probability of transition from response to remission was considered the same for all treatment 

strategies and it was based on STAR*D level 1 and 2 data (0.51).  

The probabilities of relapse in the ST group (response -> depression or remission -> depression) were 

based on a previous meta-analysis (Hansen et al., 2008) and the observation that the risk is higher 

(OR=3.68 [2.64-5.21]) in patients who did not reach remission (Judd et al., 1998). There is evidence 

that the risk of relapse is reduced using pharmacotherapy combined with psychotherapy by 50% 

(0.35-0.72) in 12 months compared to pharmacotherapy (Zhang et al., 2018). This result was obtained 

by a meta-analysis of studies comparing pharmacotherapy combined with brief psychotherapy after 

the patient reached remission vs. prophylactic pharmacotherapy only. We assumed that the 

prophylactic effect of psychotherapy would be similar independently from the fact that it is delivered 

before or after remission. For example, the cumulative probability of transition from remission to 

depression in 12 months in ST was: 

 

0.028 (probability at T1) + 0.004 (probability from T2 forward) ´ 3 = 0.04 (Hansen et al., 2008), 

 

while in the PGx-CL-R group (assuming sensitivity=0.62 and specificity=0.77) it was: 

 

(0.014 + 0.002 ´ 3) ´ 0.351+ (0.028 + 0.004 ´ 3) ´ 0.649 = 0.0329 

 

Given the lack of literature data on the risk of transition for remission to response, we assumed that 

it was the same as the probability of transition from response to depression, because it can be 

considered as a milder form of relapse and it may the first step leading to a new depressive episode. 

Relapse transition probabilities are reported in Supplementary Table 5. 
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Supplementary Table 1: clinical-demographic characteristics of the samples. MADRS= Montgomery-Asberg Depression Rating Scale. 
TRD=treatment-resistant depression.  
Variable Original training 

sample (n=269) 
Original testing 
sample (n=118) 

TRD2 (n=407) GENDEP (n=336) 

Age 49.56±14.16 50.18±14.50 47.14±12.58 41.16±11.56 
Gender F (%) 178 (66.2%) 80 (67.8%) 268 (65.8%) 211 (62.8%) 
Total MADRS at 
baseline 

33.67±6.79  32.65±6.41 31.54±6.25 29.00±6.14 

MADRS interest-
activity score (base) 

10.88±2.30 10.29±2.63 10.28±2.40 9.27±2.38 

MADRS pessimism 
score (base) 

5.21±2.38 4.98±2.17 4.73±1.97 4.43±1.92 

TRD (%) 159 (59.1%) 71 (60.2%) 185 (45.5%) 109 (32.4%) 
Responders (%) 110 (40.1%) 47 (39.8%) 222 (54.5%) 227 (67.6%) 
Chronic depression (%) 34 (12.6%) 10 (8.5%) 48 (11.8%) 26 (7.7%) 
N previous depressive 
episodes 

3.43±2.69 3.25±2.83 3.65±2.98 1.73±0.71 

Suicidal ideation (%) 114 (42.4%) 51 (43%) 225 (55.3%) 64 (19%) 



 7 

Supplementary Table 2: genes included in the clinical-genetic predictive model of treatment-
resistant depression. Information on gene function was taken from https://www.genecards.org and 
the cited papers.  

Gene symbol Function 
Implicated in psychiatric 
traits by independent studies 
in humans 

LYRM1 Mitochondrial protein involved in cell proliferation and 
survival 

Psychosis (Glatt et al., 2009) 

CACNA1I Calcium voltage-gated channel subunit 
Schizophrenia and autism 
spectrum disorders (Andrade et 
al., 2016) (Heyes et al., 2015) 

SCMH1 

Regulation of gene transcription, including synaptic 
plasticity-related genes, and putatively involved in 
regulation of depressive-like behaviors in mice (Wang 
et al., 2019)  

General risk tolerance (Karlsson 
Linnér et al., 2019) 
 

ACSM5 Fatty acid beta-oxidation and amino acid conjugation Response to d-amphetamine 
(Yarosh et al., 2015) 

PTPRU 

Protein tyrosine phosphatase regulating cell growth and 
differentiation, involved in the development of meso-
diencephalic dopamine neurons (Jacobs et al., 2009) 
and in stress response in the hippocampus (S. Li et al., 
2016) 

Schizophrenia (Huang et al., 
2014) 

REM1 GTPase regulating reorganization of the actin 
cytoskeleton 

No 

ZNF418 Regulation of gene transcription 
Major depressive disorder (PGC 
meta-analysis)  (Subaran et al., 
2016) 

MTF2 
Regulation of gene transcription, associated with 
emotionality in mice in interaction with brain derived 
neurotrophic factor (Marrocco et al., 2018) 

Bipolar disorder (Goes et al., 
2019) 

RORC 
Regulation of gene transcription, modulates 
inflammation through regulation of Th17-cells and 
depression-like behavior in mice (Beurel et al., 2013) 

Schizophrenia (Subbanna et al., 
2018) (Debnath and Berk, 
2014), depressive symptoms 
(Noordam et al., 2015) 

SP7 Regulation of gene transcription No 

PRG4 

Proteoglycan involved in extracellular matrix structure, 
plays a role in the regulation of inflammation (Das et 
al., 2019) and depressive-like behavior in mice (Yang 
et al., 2018) 

Antidepressant response (Turck 
et al., 2017), response to 
paliperidone in schizophrenia 
(Li et al., 2017) 

BIK Regulation of cell survival, including survival of human 
cells exposed to sertraline in vitro (Chen et al., 2014) 

No 

ZNF19 Regulation of gene transcription No 

SNRNP25 Regulation of mRNA processing (splicing), dysfunction 
causes neuron degeneration in mice (Jia et al., 2012) 

No 

CPSF6 

Regulation of mRNA processing, key role in regulating 
the expression of GluA1, a subunit of AMPA receptor, 
in mice (Udagawa et al., 2015); target of miR-132, a 
regulator of neuroplasticity and sleep/wake cycles with 
a hypothesized role in depression (Hansen and 
Obrietan, 2013) 

Schizophrenia (Koga et al., 
2009), smoking behavior 
(Karlsson Linnér et al., 2019) 
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LPCAT1 Phospholipid metabolism, it regulates transcription 
through histone H4 palmitoylation (Zou et al., 2011) 

Depressive symptoms (Story 
Jovanova et al., 2018) 

CEACAM20 Cell adhesion molecule  No 

HPSE Proteoglycan involved in membrane and extracellular 
matrix structure 

No 

LRRN4 Leucine rich neural protein involved in neurite growth 
(Chen et al., 2006) 

Schizophrenia (Vitale et al., 
2017) 

PDE6G Phosphodiesterase involved in regulation of second 
messenger cascades 

No 

CTNND1 Cell adhesion and signal transduction 

Schizophrenia (PGC meta-
analysis) (Ripke et al., 2014), 
major depression (Carboni et 
al., 2018), major depressive 
disorder (PGC meta-analysis) 
(Wray et al., 2018), autism 
spectrum disorders(Autism 
Spectrum Disorders Working 
Group of The Psychiatric 
Genomics Consortium, 2017), 
possible cross-disorder role 
(Hawi et al., 2018) 

HAMP 

Iron homeostasis (including the brain), involved in 
inflammation in microglial cells (W.-Y. Li et al., 2016), 
may play a role in stress-induced depressive disorders 
in mice (Farajdokht et al., 2015) 

No 

GATS 
Regulation of signal transduction and TORC1 
signaling, which is involved in long-term synaptic 
potentiation (Zhou et al., 2006) 

No 

LCE1B Peptide cross-linking Schizophrenia (Bergen et al., 
2014) 

FGFBP3 

Fibroblast growth factor binding protein involved in 
brain development and neuroplasticity (Turner et al., 
2012) (Taetzsch et al., 2018); inactivation of FGFBP3 
increased anxiety behavior in rodents (Yamanaka et al., 
2011) 

Autism spectrum disorders 
(Salyakina et al., 2011) 

PI15 Peptidase inhibitor No 

RNASEK-
C17orf49 

Regulation of mRNA translation (nonsense-mediated 
mRNA decay) 

Cognitive deficits in 
schizophrenia (Nakahara et al., 
2018) 

ADH1A Oxidative metabolism of ethanol, retinol and 
neurotransmitters  

Alcohol use disorders (Walters 
et al., 2018) and personality 
traits (Zuo et al., 2010) 

HIST1H2BK Chromatin structure and regulation of gene expression 

Schizophrenia (Shi et al., 2009), 
Major depressive disorder (PGC 
meta-analysis) (Wray et al., 
2018) 

NFKB1 Gene transcription regulation involved in regulation of 
immune response and neuroinflammation 

Schizophrenia, suicide, alcohol 
dependence (Altinoz et al., 
2018) 

AMPD2 Purine metabolism, linked to adenosine-mediated 
neurotoxicity (Kortüm et al., 2018), expression affected 

No 
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following chronic restrained stress and reversed by 
antidepressants in mice (Jungke et al., 2011) 

ARHGAP35 Regulation of glucocorticoid receptor gene expression, 
involved in neurodevelopment (Héraud et al., 2019) 

No 

MTG2 
Signal transduction, associated with the inner 
mitochondrial membrane and involved in mitoribosome 
assembly (Mai et al., 2017) 

No 

TOM1L1 Signal transduction Depressive symptoms (Yi et al., 
2012) 

C14orf93 Promotes cell survival under stress and enhances cell 
migration (Liu et al., 2017, p. 93) PMID 27864143 

No 

PRMT5 

Methyltransferase (regulation of gene expression), 
associated with early life stress (Nieratschker et al., 
2014), involved in glial cells differentiation (Huang et 
al., 2011) and D2-like dopamine receptor signaling 
(Likhite et al., 2015) 

No 

RHBDF1 
Regulates ADAM17 protease and TNF, thereby plays a 
role in cell survival, proliferation, migration and 
inflammation 

No 

PLEKHA2 
Involved in phosphatidylinositol metabolism and IL-2 
pathway, modulated by lithium and fluoxetine (Kittel-
Schneider et al., 2019) (Huang et al., 2012)  

Neuroticism (Genetics of 
Personality Consortium et al., 
2015) 

ZNF154 Transcription factor No 

SIGLEC15 Involved in innate immune system Response to paliperidone in 
schizophrenia (Li et al., 2017) 

FAAP20 DNA damage repair No 

CCL16 Cytokine with chemotactic activity for lymphocytes 
and monocytes and myelosuppressive activity 

Schizophrenia (Chan et al., 
2017) 

TMEM68 
Integral endoplasmic reticulum membrane protein and 
putatively involved in brain glycerolipid metabolism 
(Chang et al., 2017) 

Methadone dose in opioid 
dependence (Smith et al., 2017, 
p. 1) 

SPAM1 Proteoglycan involved in membrane and extracellular 
matrix structure 

Schizophrenia (Bitanihirwe et 
al., 2016) 

CNOT8 Transcription and translation regulator No 
PMS2 DNA mismatches repair during DNA duplication No 

UMPS 
Nucleic acid (pyrimidine) biosynthesis, putatively 
involved in lithium effects (Breen et al., 2016) and 
antidepressant effects (Park et al., 2016) 

No 

KIAA1024 Regulates mTOR signaling pathway and cell growth No 

ZNF366 

Transcription factor, acts as negative regulator of 
glucocorticoid receptor function and may act through 
histone deacetylases to modulate immune response 
(Arnau-Soler et al., 2018) 

Childhood chronic physical 
aggression (Guillemin et al., 
2014), alcohol dependence, 
stress-sensitivity (Arnau-Soler 
et al., 2018), schizophrenia 
(Need et al., 2009) 

HMGN4 Chromatin structure and regulation of gene expression 

Major depressive disorder (PGC 
meta-analysis) (Wray et al., 
2018), schizophrenia (Shi et al., 
2009), autism spectrum disorder 
(Autism Spectrum Disorders 
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Working Group of The 
Psychiatric Genomics 
Consortium, 2017) 

LCA5L Cytoskeleton structure (den Hollander et al., 2007)  No 

KRTAP24-1 
Regulation of extracellular matrix structure, brain 
expression affected by ischemia (Surles-Zeigler et al., 
2018) 

No 

EFCAB2 
Key regulator of cell motility which maintains the 
alignment and integrity of the distal axoneme and 
regulates microtubule sliding in motile axonemes 

Anhedonia (Ren et al., 2018), 
schizophrenia (Need et al., 
2009) 

MRPS36 
Mitochondrial protein synthesis, altered by exposure to 
methamphetamine in rat prefrontal cortex (Wearne et 
al., 2015) 

No 

DGCR6 Involved in neurodevelopment by regulation of neural 
crest cell migration 

Psychosis (Liu et al., 2002) 
(Kumarasinghe et al., 2013), 
anxiety, impaired attention (Das 
Chakraborty et al., 2012) 

DUSP23 Protein phosphatase for MAPK3, JNK and p38 Generalized anxiety disorder 
(Davies et al., 2015) 

MBIP 
Chromatin structure and regulation of gene expression, 
regulation of the JNK/SAPK pathway, involved in 
neurodevelopment (Thorwarth et al., 2014) 

No 

ZBTB32 Transcription factor Major depressive disorder 
(Song et al., 2013) 

C1R 
Mediator of innate immune response, it may contribute 
to inflammatory and degenerative diseases of the CNS 
including Alzheimer’s disease (Hawrylycz et al., 2015) 

Schizophrenia (Kim et al., 
2016), psychotic experiences 
(Föcking et al., 2019), major 
recurrent depression (Hamilton 
et al., 2012) 

R3HDM4 Nucleic acid binding protein Antidepressant response (Cook 
et al., 2019) 

IQCF5 Putatively involved in calmodulin binding No 
RSBN1L Demethylates methylated lysine residues of proteins No 

BTBD6 Involved in immune system, neuronal development and 
neurogenesis (Bury et al., 2008)  (He et al., 2014) 

No 

GZMM Serine protease expressed in natural killer cells and 
activated lymphocytes 

No 

MMP27 Regulation of extracellular matrix structure Psychosis (Glatt et al., 2009) 

VDR Vitamin D, modulates neurodevelopment, 
neuroprotection, and immunomodulation  

Schizophrenia (Chiang et al., 
2016) (Amato et al., 2010), 
depressive symptoms (Jo et al., 
2015) 

NODAL 

Ligand of the TGF-beta, involved in embryonic 
development and neurogenesis, altered in iPSC derived 
neurons from bipolar disorder patients  (O’Shea and 
McInnis, 2016) 

No 

SLC17A4 Membrane potential-dependent organic anion 
transporter 

No 

EMC4 Endoplasmic reticulum membrane protein, altered 
expression after brain ischemia  (Surles-Zeigler et al., 

Attention deficit hyperactivity 
disorder (Martin et al., 2014) 
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2018) ,  it has a possible role in neurodegeneration (Zhu 
et al., 2017) 

TCAF1 

Regulates the plasma membrane cation channel 
TRPM8 and in turn the influx of calcium and sodium, 
resulting in membrane depolarization as well as the 
activation of second messenger signaling cascades; 
regulation of pain (Dussor and Cao, 2016) 

No 

OGFR 
Receptor for opioid growth factor, involved in the 
regulation of cell growth and hippocampal 
neurogenesis (Sargeant et al., 2008) 

No 

ZNF599 Transcription factor No 

SMC5 DNA repair and telomere maintenance Response to paliperidone in 
schizophrenia (Li et al., 2017) 

COL8A1 

Short chain collagen and component of the basement 
membrane, it may affect prefrontal cortex neural 
plasticity (Smagin et al., 2019), upregulated by 
ketamine (Qiao et al., 2019) 

Depression in maltreated 
children (Kaufman et al., 2018) 

OR5AS1 Signal transduction No 

RORB-AS1 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

Alcohol consumption (Karlsson 
Linnér et al., 2019) 

LOC102723824 ncRNA with possible regulatory function on gene 
expression/mRNA processing 

No 

IQCF5-AS1 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

No 

PTOV1-AS2 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

No 

PART1 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

No 

GUSBP5 Non-coding gene, associated with autism-spectrum 
disorders (Vardarajan et al., 2013) 

No 

IDH1-AS1 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

No 

WWC2-AS2 Long non-coding (lncRNA) with possible regulatory 
function on gene expression/mRNA processing 

No 
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Supplementary Table 3: Estimation of costs. 
Cost Description Value Variability Source 
Antidepressant 
medication 

Mean costs of 23 
antidepressant drugs 
(NHS prices) 

£31.4 per 12 
weeks 

SD=34.65 RDCT, April 
2019 
(REGIONAL 
DRUG AND 
THERAPEUTICS 
CENTRE, 2019) 

Antidepressant 
combination or 
augmentation 

Mean cost of first line 
pharmacological 
treatments for TRD 
(Maudsley guidelines 
(Taylor et al., 2018)) 

£40.78 per 12 
weeks 

SD=47.4 RDCT, April 
2019 
(REGIONAL 
DRUG AND 
THERAPEUTICS 
CENTRE, 2019) 

Psychotherapy Mean cost £118 per hour SD=16.26 PSSRU (Personal 
Social Services 
Research Unit 
(PSSRU), 2018a) 
 

Cost PGx Mean cost exome 
sequencing 
Mean cost genome-
wide genotyping  

£388.5 
 
£67.4 

SD=156.51 
 
SD=40.8 

(Suwinski et al., 
2019) (Science 
exchange, 2019) 
 
(Genetic 
Resources Core 
Facility of John 
Hopkins 
University, 
School of 
Medicine, 2019) 
(Iowa Institute of 
Human Genetics, 
2019) (Center for 
Genome 
Technology, 
University of 
Miami, 2019) 

GP visits 1st visit 30 min, 
following 10 min; dep: 
8 visits per cycle; resp: 
4 visits per cycle; rem: 
1 visit per cycle  

£204 per hour 
of patient 
contact 

dep: 6-12 visits 
per cycle; resp: 3-
6 visits per cycle 

PSSRU (Personal 
Social Services 
Research Unit 
(PSSRU), 2018a) 
NICE guidelines 
(NICE, 2018) 

Hospitalization Mean cost multiplied 
by risk of 
hospitalization during a 
depressive episode in 
12 weeks (0.012) and 
mean n of days (26) 

£414 per day SD=46.49 PSSRU (Personal 
Social Services 
Research Unit 
(PSSRU), 2018b), 
NHS digital (NHS 
digital, 2018), and 
literature 
(Citrome et al., 
2019) (Ten Have 
et al., 2017) 
 

Hospital liaison 
consultation  

Mean cost per 
consultation multiplied 

£196  SD=47.49 PSSRU (Personal 
Social Services 
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by risk of emergency 
room access in 12 
weeks (0.016) 

Research Unit 
(PSSRU), 2018b) 
and NHS digital 
(NHS digital, 
2018) 

Dep=depressive state; resp=response state; rem=remission state. NHS=UK national health system. 
GP=general practitioner. The duration of one cycle was 12 weeks. 
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Supplementary Table 4: procedure used to calculate response and remission probabilities in the 
pharmacotherapy and combined groups from T1 to T4. In STAR*D the QIDS-SR scale was used as 
reference. T1-T4: cycles 1-4, each cycle was of 12 weeks.  
Outcome Treatment Value Estimation Reference 
Remission at T1 Pharmacotherapy 0.38 Reported in meta-analysis (Jakobsen 

et al., 2017) 
Combined 0.46 Reported in meta-analysis (de Maat et 

al., 2007) 
Remission at T2 Pharmacotherapy 0.32 Remission probability reduces 

of 0.06 between level 1 and 2 
of STAR*D 

(Sinyor et 
al., 2010) 
(Warden et 
al., 2007) 

Combined 0.40 

Remission at T3 Pharmacotherapy 0.15 Remission probability reduces 
of 0.17 between level 2 and 3 
of STAR*D  

(Warden et 
al., 2007)  Combined 0.23 

Remission at T4 Pharmacotherapy 0.14 Remission probability reduces 
of 0.01 between level 3 and 4 
of STAR*D 

(Warden et 
al., 2007) Combined 0.22 

Response at T1 Pharmacotherapy 0.11 0.49 (reported in meta-
analysis) – 0.38 (proportion of 
remitters, assuming that all 
remitters are also responders) = 
0.11 

(Jakobsen 
et al., 2017) 

Combined 0.18 0.64 (proportion of responders 
+ remitters based on meta-
analysis) – 0.46 (proportion of 
remitters, assuming that all 
remitters are also responders) = 
0.18 

(Cuijpers et 
al., 2014)  
(Sinyor et 
al., 2010) 

Response at T2 Pharmacotherapy 0.07 Response probability reduces 
of 0.16 between level 1 and 2 
of STAR*D, responders who 
are also remitters are excluded 
(78.8% in STAR*D level 2) -> 
(0.49 – 0.16) - (0.49 – 0.16) 
*0.788 = 0.07 

(Sinyor et 
al., 2010) 

Combined 0.10 Response probability reduces 
of 0.16 between level 1 and 2 
of STAR*D, responders who 
are also remitters are excluded 
(78.8% in STAR*D level 2) -> 
(0.64 – 0.16) – (0.64 – 
0.16)*0.788 = 0.10 
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Response at T3 Pharmacotherapy 0.054 Response probability reduces 
of 0.13 between level 2 and 3 
of STAR*D, responders who 
are also remitters are excluded 
(73% in STAR*D level 3) -> 
(0.33 – 0.13) – (0.33 – 0.13) 
*0.73 = 0.054  

(Sinyor et 
al., 2010) 
(Gaynes et 
al., 2009)  

Combined 0.095 Response probability reduces 
of 0.13 between level 2 and 3 
of STAR*D, responders who 
are also remitters are excluded 
(73% in STAR*D level 3) -> 
(0.48 – 0.13) – (0.48 – 
0.13)*0.73 = 0.15 

Response at T4 Pharmacotherapy 0.054 Response probability remains 
stable between level 3 and 4 of 
STAR*D  

(Sinyor et 
al., 2010) 
(Gaynes et 
al., 2009) 

Combined 0.095 
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Supplementary Table 5: transition probabilities calculated according to the procedure explained in 
the paragraph “Estimation of transition probabilities”. A. Main analysis: sensitivity=0.62 and 
specificity=0.77 and sensitivity=0.62 and specificity=0.70 in the in the PGx-CL-R group and CL-R 
group, respectively. B. Sensitivity analysis: sensitivity=0.38 and specificity=0.92 and 
sensitivity=0.42 and specificity=0.82 in the PGx-CL-R group and CL-R group, respectively. 
Dep.=major depressive episode. The probabilities of transition dep. -> suicide and response -> 
remission were the same between A. and B., thus they were not repeated in B. 
A.  

Initial state Following 
state 

cycle Probability PGx-
CL-R 

Probability CL-R Probability ST 

Dep. Remission 1st 0.454 0.450 0.380 

  
2nd 0.387 0.383 0.320 

  
3rd 0.196 0.197 0.150 

  
4th and 
following 

0.185 0.186 0.140 

Dep. Response 1st 0.148 0.149 0.110 

  
2nd 0.089 0.089 0.070 

  
3rd 0.081 0.082 0.060 

  
4th and 
following 

0.081 0.082 0.060 

Remission Response 1st 0.084 0.082 0.102 

  
following 0.013 0.013 0.016 

Remission Dep. 1st 0.023 0.022 0.028 

  
following 0.003 0.003 0.004  

Response Dep. 1st 0.084 0.082 0.102 

  following 0.013 0.013 0.016 

Response Remission all 0.51 0.51 0.51 

Dep. Suicide all 0.00001 (0.001%) 0.00001 0.00001 
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B. 

Initial state Following 
state 

cycle Probability PGx-
CL-R 

Probability CL-R Probability ST 

Dep. Remission 1st 0.429 0.429 0.380 

  
2nd 0.364 0.364 0.320 

  
3rd 0.178 0.181 0.150 

  
4th and 
following 

0.167 0.171 0.140 

Dep. Response 1st 0.132 0.136 0.11 

  
2nd 0.082 0.083 0.07 

  
3rd 0.073 0.075 0.06 

  
4th and 
following 

0.073 0.075 0.06 

Remission Response 1st 0.093 0.089 0.102 

  
following 0.015 0.014 0.016 

Remission Dep. 1st 0.026 0.024 0.028 

  
following 0.0037 0.0035 0.004  

Response Dep. 1st 0.093 0.090 0.102 

  following 0.015 0.014 0.016 
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Supplementary Table 6: input data used for the sensitivity analyses using a probabilistic analysis 

for the scenario described in Supplementary Table 4A.  

Parameter Distribution type Description Calculation and 
source 

Depression -> remission 
(PGx-CL-R) 

binomial, size = 
500 

Mean=0.3055 Mean T1-T4, see 
Table S2A 

Depression -> response 
(PGx-CL-R) 

Mean=0.09975 Mean T1-T4, see 
Table S2A 

Depression -> suicide 
(all strategies) 

Mean=0.000010235 Table S2A 

Response -> remission 
(all strategies)  

Mean=0.51 Table S2A 

Remission -> depression 
(PGx-CL-R) 

Mean=0.013 Mean T1-T2, see 
Table S2A 

Response -> depression 
(PGx-CL-R) 

Mean=0.0485 Mean T1-T2, see 
Table S2A 

Remission -> response 
(PGx-CL-R)  

Mean=0.0485 Mean T1-T2, see 
Table S2A 

Depression -> remission 
(ST) 

Mean=0.248 Mean T1-T4, see 
Table S2A 

Depression -> response 
(ST) 

Mean=0.075 Mean T1-T4, see 
Table S2A 

Remission -> depression 
(ST) 

Mean=0.016 Mean T1-T2, see 
Table S2A 

Response -> depression 
(ST) 

Mean=0.059 Mean T1-T2, see 
Table S2A 

Remission -> response 
(ST)  

Mean=0.059 Mean T1-T2, see 
Table S2A 

Depression -> remission 
(CL-R) 

Mean=0.304 Mean T1-T4, see 
Table S2A 

Depression -> response 
(CL-R) 

Mean=0.1005 Mean T1-T4, see 
Table S2A 

Remission -> depression 
(CL-R) 

Mean=0.0125 Mean T1-T2, see 
Table S2A 

Response -> depression 
(CL-R) 

Mean=0.0475 Mean T1-T2, see 
Table S2A 

Remission -> response 
(CL-R)  

Mean=0.0475 Mean T1-T2, see 
Table S2A 

Cost psychotherapy (per 
cycle, 16 sessions) 

gamma Mean=1928, SD= 
265.72 

Cost based on Table 1 
taking into account 
inflation 

Cost visits during 
depression (per cycle) 

Mean=347, SD= 
147.30 

Cost based on Table 1 
taking into account 
inflation 
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Cost visits during 
response (per cycle) 

Mean=139, SD= 
73.65 

Cost based on Table 1 
taking into account 
inflation 

Cost hospitalization (per 
cycle) 

Mean=10,992, SD= 
12,34.30 

Cost based on Table 1 
taking into account 
inflation 

Cost hospital liaison 
consultation (per cycle) 

Mean=200, SD= 
47.49 

Cost based on Table 1 
taking into account 
inflation 

Cost PGx-CL-R test  Mean=455.9, SD= 
176.18 

See Table 1 

Cost antidepressant drug 
(per cycle) 

Mean=31.4, 
SD=34.65 

See Table 1 

Cost antidepressant 
combination or 
augmentation (per cycle) 

 Mean=40.78, 
SD=47.4 

See Table 1 

QALYs during remission 
state 

normal Mean=0.88, SD=0.1 See paragraph Cost 
and utility estimation 
in the main 
manuscript 

QALYs during response 
state  

Mean=0.67, SD=0.1 

QALYs during 
depressive state 

Mean=0.40, SD=0.1 
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Supplementary Table 7: transition probabilities in GENDEP and TRD2. 
Initial state Following 

state 
cycle Probability CL-

R GENDEP 
Probability CL-R 
TRD2 

Probability ST 

Dep. Remission 1st 0.413 0.408 0.380 

  
2nd 0.351 0.347 0.320 

  
3rd 0.176 0.173 0.150 

  
4th and 
following 

0.166 0.163 0.140 

Dep. Response 1st 0.132 0.130 0.110 

  
2nd 0.080 0.079 0.070 

  
3rd 0.073 0.071 0.060 

  
4th and 
following 

0.073 0.071 0.060 

Remission Response 1st 0.088 0.089 0.102 

  
following 0.014 0.014 0.016 

Remission Dep. 1st 0.024 0.024 0.028 

  
following 0.0035 0.0035 0.004  

Response Dep. 1st 0.088 0.089 0.102 

  following 0.014 0.014 0.016 

Response Remission all 0.51 0.51 0.51 

Dep. Suicide all 0.00001 (0.001%) 0.00001 0.00001 
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Supplementary Figure 1: ROC curves showing the sensitivity and specificity of the used predictive 
models in the testing sample. The red arrows indicate the combinations of sensitivity and specificity 
tested in the study and the purple arrows indicate the combinations of sensitivity and specificity which 
were tested as part of the sensitivity analyses. A: ROC curve using both genetic and clinical risk 
factors. B: ROC using only clinical risk factors. 
 

A. Clinical and genetic predictors B. Clinical predictors only 
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Supplementary Figure 2: number of patients in each health state in the three treatment groups within 
the 3 years horizon (from cycle 1 to 12, each cycle lasts 12 weeks). CL-R=clinical-risk predictive 
model; PGx-CL-R=clinical-genetic risk predictive model; ST=standard care.  
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Supplementary Figure 3: cost-effectiveness acceptability curve (CEAC) in GENDEP (A) TRD2 (B) 
ST=standard care. CL-R=clinical risk guided group. WTP=willingness to pay measured in British 
pound sterling (£). 
 
A B 
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