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. Introduction 

he concept of treatment-resistant depression (TRD) came 
rom the clinical observation of patients who do not respond 
o treatment, and it is unquestionably clinically relevant, 
lthough difficult to define ( Brown et al., 2019 ; Rybak et al., 
021 ; Wilkowska and Cubała, 2022 ). The definition adopted 
y the multinational European research consortium ‘Group 
or the Study of Resistant Depression’ (GSRD) requires at 
east two failed trials, either consecutive or as combination 
r augmentation therapy, resulting in a comparably high de- 
ree of severely ill and resistant patients ( Kautzky et al., 
019 ). Symptom severity, psychotic and melancholic fea- 
ures, suicidality, comorbid anxiety and personality disor- 
ers, higher number of antidepressants administered pre- 
iously, and lifetime depressive episodes as well as longer 
uration of the current episode, previous hospitalisations, 
ositive family history of depression, and early age of on- 
et are considered the most prominent risk factors for TRD 

 Kautzky et al., 2019 ; Bartova et al., 2019 ). 
Depression and other mental disorders may precede the 

resentation of a substance use disorder (SUD), irrespective 
f the substance used ( Brenner et al., 2019 ). Conversely, 
lcohol and drug dependence can often lead to various neg- 
tive mental, physical, and economic outcomes, being the 
2-month prevalence of alcohol or drug dependence in ma- 
or depressive disorder (MDD) patients estimated at about 
2–30% ( Brenner et al., 2019 ). In a population-based cohort 
tudy on 121 669 MDD patients, TRD patients had an ele- 
ated risk of subsequent SUD diagnosis compared to other 
16 
f ketamine, has recently emerged as a therapy for treatment-
ing both rapid antidepressant action and good efficacy and high 
e acute short-term treatment of psychiatric emergency due to
) and for depressive symptoms in adults with MDD with acute
here provide preliminary insights on esketamine nasal spray 
ty among patients with a substance use disorder (SUD) within 
D collected for the observational, retrospective, multicentre 
ects were retrospectively selected according to the presence 
cts enrolled completed the three different follow-up phases 
th, and T2/after three months) and there were no dropouts. 
rg depression rating scale (MADRS) scores was recorded, thus 
efficacy of ESK-NS (MADRS decreased from T0 to T1, t = 6.533,
 T2, t = 2.029, df = 20, p = 0.056). Considering tolerability and
ffects were reported by 19/26 subjects (73%) after treatment
e effects were time-dependent and did not cause significant 
ative symptoms (38%) and sedation (26%) were the most fre- 
ses of abuse or misuse of ESK-NS were reported. Despite study
ent nature of the study, a limited number of patients, and a
howed to be effective and safe in patients diagnosed with TRD

Author(s). Published by Elsevier B.V. 
access article under the CC BY license 
censes/by/4.0/ ) 

DD patients both ≤ 1 and > 1 year after antidepres- 
ant initiation, respectively 51% during the first year af- 
er starting antidepressants and 39% thereafter, with risks 
ore elevated for the subcategories involving opioid and 
edative use disorders ( Brenner et al., 2019 ). In a subse- 
uent study by the same authors, the results were repli- 
ated, finding that SUD before or during treatment increases 
he risk for subsequent TRD in antidepressant-treated pa- 
ients with depression ( Brenner et al., 2020 ) leading to 
orse treatment outcomes due to a generally lower effect 
f antidepressants in the presence of comorbidity with SUD 

 Brenner et al., 2019 ; Brenner et al., 2020 ; Nunes and Levin,
004 ). 
Intranasal esketamine (ESK-NS), the S-enantiomer of ke- 

amine, has recently emerged as a treatment for TRD, show- 
ng both rapid antidepressant action and good efficacy and 
igh safety not only in experimental but also in naturalis- 
ic settings ( McIntyre et al., 2021 ; Martinotti et al., 2022 ;
artinotti et al., 2023 ; Lengvenyte et al., 2022 ) It is also
ndicated for the acute short-term treatment of psychiatric 
mergency due to (MDD-PE) and for depressive symptoms 
n adults with MDD with acute suicidal thoughts or behavior 
MDSI) ( Lengvenyte et al., 2022 ). Considering that ketamine 
nfused in a sub-anesthetic dose, integrated with behavioral 
reatment, has been shown to reduce alcohol and cocaine 
se ( Lengvenyte et al., 2022 ), and in view of the presence
f patients with a SUD within the sample of TRD patients 
ollected for the observational, retrospective, multicentre 
EAL-ESK study ( Martinotti et al., 2022 ; Martinotti et al., 
023 ) and treated with ESK-NS, we provide here a prelimi- 
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Table 1 Dose schedule of Esketamine-Nasal Spray (ESK-NS) according to the Summary of Product Characteristics (SPC). 

INDUCTION PHASE MAINTENANCE PHASE 

WEEKS 1–4 WEEKS 5–8 FROM WEEK 9 

Starting day 1 dose: 
56 mg 

56 mg or 84 mg once weekly 56 mg or 84 mg every 2 weeks 
or once weekly 

Subsequent doses: 
56 mg or 84 mg twice 
a week 

During the maintenance phase, ESK-NS dosing should be individualized to the lowest 
frequency to maintain remission/response 
The need for continued treatment should be re-examined periodically 
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ary overview of its effectiveness and safety in this category 
f patients. 

. Materials and methods 

his analysis represents a post-hoc analysis of the REAL-ESK study 
 Martinotti et al., 2022 ; Martinotti et al., 2023 ), focusing primarily 
n the effectiveness and safety of ESK-NS in subjects with TRD and 
UD. Consequently, twenty-six subjects were retrospectively se- 
ected according to the presence of a SUD in comorbidity. The cen- 
res involved in the REAL-ESK study, as well as the inclusion and ex-
lusion criteria were extensively described in our previous work by 
he REAL-ESK study group ( Martinotti et al., 2022 ; Martinotti et al., 
023 ). Dose schedule followed the Summary of Product Character- 
stics (SPC) ( Spravato 2023 ) according to Table 1 . 
Retrospective anamnestic data were collected to include infor- 
ation on sociodemographic factors, history of the disease, treat- 
ent history of the current episode of depression, antidepressant 
rials experienced during the current episode, augmentation strate- 
ies (e.g., the combined use of mood stabilizers or antipsychotic 
edications), and other therapeutic tools used to treat TRD. Data 
ollection also covered premature study withdrawal or the occur- 
ence of clinically relevant events, such as hospitalizations or dis- 
harge from hospital care, relapse of symptoms, or remission of 
ajor depressive episodes. Anamnestic data were obtained from 

he patients’ medical records at baseline (T0), while psychomet- 
ic assessments were collected at T0, one month (T1) and three 
onths (T2) after the start of treatment. Thus, at least, treat- 
ent duration was of three months, periodically re-examining the 
eed for continued treatment from week 9, as reported in the SPC. 
uring the maintenance phase, ESK-NS dosing was individualized 
o the lowest frequency to maintain remission/response. Where 
iscontinued, esketamine did not cause withdrawal symptoms or 
equire supportive pharmacological treatment. Clinicians used the 
ontgomery–Asberg depression rating scale (MADRS) to character- 
ze depressive symptoms. Patients were defined as responders with 
n overall 50% reduction in the MADRS score from baseline assess- 
ent ( Popova et al., 1 ), while remission was defined as a MADRS
core < 10 ( Frank et al., 1991 ). Statistical analyses were performed 
sing SPSS 20.0 software (SPSS Inc.) and JASP for Mac (JASP ver- 
ion: 0.16.4; JASP Team, 2022). All tests were two-tailed, with a 
evel of statistical significance set at p < 0.05. Continuous variables 
re expressed as mean ± standard deviation (SD), while categori- 
al variables are reported as mean numbers and percentages. Stu- 
ent’s t -test was conducted to assess changes in continuous vari- 
bles, whereas the Pearson χ2 test was performed for categori- 
al variables. Furthermore, a general linear model approach using 
epeated-measure ANOVA (rm-ANOVA) was used to analyze the “be- 
ween factor” × “within factor” interaction effect (between fac- 
or: alcohol vs benzodiazepine vs cannabis vs cocaine use; within 
actor, treatment time: base- line/T0 vs. at the end of the 1st 
onth of treatment/ T1 vs. at the end of the 3rd month of treat-
ent/T2) on MADRS total scores. 
17 
. Results 

f the 26 subjects with TRD and comorbid SUD included, 
3 had an alcohol use disorder, 5 a benzodiazepine use dis- 
rder, 4 a cannabis use disorder and 4 a cocaine use dis- 
rder. The subjects enrolled completed the three different 
ollow-up phases (T0, T1, T2) and there were no dropouts. 
he sample consisted mainly of subjects presenting with a 
evere form of depression (MADRS score: 33.72 ±8.32), re- 
urrent (number of previous MDEs: 4.34 ±3) and with several 
ailed antidepressant attempts (3.57 ±0.98), with some sub- 
ects experiencing physical antidepressant therapies (i.e., 
epetitive transcranial magnetic stimulation/rTMS and elec- 
roconvulsive therapy/ECT) as part of their treatment al- 
orithms. All socio-demographic and clinical characteristics 
re detailed in Table 2 . 
The Paired Student T-test showed a significant effect of 

ime in determining the decrease in MADRS scores, thus 
ighlighting the antidepressant efficacy of ESK-NS. Specif- 
cally, MADRS values decreased significantly from T0 to T1 
 t = 6.533, df = 23, p < 0.001), but not significantly from T1
o T2, although a trend towards significance was evident 
 t = 2.029, df = 20, p = 0.056) ( Fig. 1 ). 
Response and remitters levels exhibited a significant in- 

rease when moving from T1 to T2 evaluations after treat- 
ent with ESK-NS. Indeed, responders were 7/26 (27%) 
ubjects at one-month and 13/26 (50%) at three-months, 
ith a statistically significant increase (T1 responders vs. 
2 responders: χ2 = 3.962 df = 1 p = 0.047). With re-
ard to remitters from the current depressive episode, 4/26 
ubjects were early remitters after one month of ESK-NS 
15.4%), while 8/26 were remitters at three month (30.8%), 
ith a significant increase from T1 to T2 (T1 remitters 
s. T2 remitters: χ2 = 9.600 df = 1 p = 0.002). Strat-
fying the sample according to the different comorbidi- 
ies, a higher severity of depressive symptoms at base- 
ine is observed in the group with benzodiazepine abuse 
41 ± 6.93) compared to cannabis users (36.25 ± 7.89), 
UD (33.17 ± 8.06) and patients with cocaine use disorder 
24.75 ± 3.86), with the latter showing the lowest severity 
f depressive symptoms ( F = 3.564, df = 3, p = 0.032). In
he rm-ANOVA model, the multivariate test showed a non- 
ignificant effect of the interaction factor "alcohol vs. ben- 
odiazepine vs. cannabis vs. cocaine use" X "T0vsT1vsT2 ′′ 

 F = 1.137, df = 4.83, p = 0.364), thus indicating the ab-
ence of a statistically significant between-group variation 
 Fig. 1 ). Considering tolerability and safety issues, one or 
ore side effects were reported by 19/26 subjects (73%) 
fter treatment administration. Among them, dissociative 
ymptoms (10/26 subjects, 38%), sedation (7/26 subjects, 
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Table 2 Sociodemographic and clinical characteristics of the sample. 

TRD subjects with comorbid SUD ( n = 26) 

Sex ratio (M/F) 15/11 
Age (years) 48.88 ± 11.82 
Depression episodes duration (months) 13.16 ± 9.71 
Age at onset of depression (years) 29.15 ± 4.35 
Number of previous depressive episodes (n) 4.34 ± 3.06 
Number of adequate antidepressant trials (n) 3.57 ± 0.98 
Status 
Single 11 (42%) 
Married 10 (38%) 
Divorced /widowed 5 (19%) 
Occupation 
Unemployed/Employed 13/13 (50%) 
Comorbid SUD 

Alcohol Use Disorder 13 (50%) 
Benzodiazepine misuse 5 (19%) 
Cannabis Use Disorder 4 (15%) 
Cocaine Use Disorder 4 (16%) 
Treatments 
Serotonin-norepinephrine reuptake inhibitors 13 (50%) 
Duloxetine 60–120 mg 6 
Venlafaxine 150–300 mg 7 
Selective serotonin reuptake inhibitors 12 (46%) 
Citalopram 20–40 mg 3 
Escitalopram 20 mg 1 
Fluoxetine 20 mg 2 
Fluvoxamine 200 mg 1 
Paroxetine 40–60 mg 3 
Sertraline 100–150 mg 2 
Other Antidepressants 20 (77%) 
Bupropion 150–300 mg 7 
Mirtazapine 30–45 mg 2 
Minocycline 200 mg 1 
Trazodone 50–100 mg 3 
Trazodone 150–300 mg 3 
Vortioxetine 10–20 mg 4 
Mood Stabilizers 15 (57%) 
Lamotrigine 200 mg 3 
Lithium Carbonate 300–900 mg 6 
Lithium Sulfate 83–166 mg 5 
Valproic Acid 1300 mg 1 
Antipsychotics 12 (46%) 
Aripiprazole 10–20 mg 2 
Asenapine 10 mg 1 
Brexpiprazole 2 mg 2 
Levosulpride 75 mg 1 
Quetiapine IR 25–100 mg 3 
Quetiapine XR 150–300 mg 3 
Previous failed rTMS approved therapy 3 (11%) 
Previous failed ECT 3 (11%) 
Esketamine dosage: 28 mg 2 (8%) 
Esketamine dosage: 56 mg 6 (23%) 
Esketamine dosage: 84 mg 18 (69%) 

Abbreviations: ECT: Electroconvulsive therapy; F: female; IR: immediate release; M: male; SUD: substance use disorder; rTMS: repeti- 
tive Transcranial Magnetic Stimulation; TRD: treatment-resistant depression; XR: extended release. 

18 
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Fig. 1 MADRS score reduction between baseline (T0), one-month (T1) and three-month (T2) observations after ESK-NS introduction 
in the overall sample and considering the addiction-type (alcohol vs benzodiazepine vs cannabis vs cocaine use) interaction facto r 
Abbreviations: AUD: alcohol use disorder; ESK-NS: esketamine nasal spray; MADRS: Montgomery–Asberg depression rating scale; 
TRD: treatment-resistant depression. 
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6%), increased blood pressure (3/26 subjects, 11%), hypo- 
anic symptoms (3/26 subjects, 11%), psychomotor agita- 
ion (1/26 subjects, 4%), and anxiety (1/26 subjects, 4%) 
ere the most frequently reported. All reported side ef- 
ects were time-dependent and did not cause significant se- 
uelae. Finally, no cases of abuse or misuse of ESK-NS were 
eported. 

. Discussion 

o the very best of our understanding, findings presented 
rovide preliminary insights on the antidepressant action 
nd safety of ESK-NS for the treatment of TRD patients co- 
orbid with a SUD, which, differently from common exper- 

mental trials, were included in our naturalistic sample. As 
reviously recorded in the REAL-ESK study ( Martinotti et al., 
022 ; Martinotti et al., 2023 ), although the limitations re- 
ated to the number of patients involved, MADRS score re- 
uction was here recorded from the baseline. Notably, the 
aseline score was higher in subjects with a SUD involving 
 central nervous system (CNS) depressant, such as alcohol 
r benzodiazepines, while it was lower in subjects with a 
ocaine use disorder, hypothetically distinguishing between 
 depressive condition synergistically conditioned by a de- 
ressive agent and a depressive condition sustained by a 
timulating agent. Moreover, in being no statistically sig- 
ificant between-group variation in the antidepressant ac- 
ion of ESK-NS ( Fig. 1 ), the efficacy of ESK-NS is here con-
rmed in all groups of SUD, speculating on promising effects 
19 
f esketamine on glutamatergic dysregulation and altered 
unctioning of the prefrontal cortex and mesolimbic regions 
ommonly occurring in SUD, independently from the type of 
ubstance used ( Martinotti et al., 2021 ). This is consistent 
ith previous studies demonstrating ESK-NS potential ben- 
fits in the management of post-traumatic stress disorder, 
uicidal ideation, pain relief, obsessive-compulsive disorder, 
ating disorders, and SUD ( Gutiérrez and Vázquez, 2022 ). 
n important finding of the study concerns the safety of 
SK-NS for the treatment of patients with SUD, who have 
hown neither moderate nor severe adverse events related 
o pharmacological interactions of ESK-NS with any other 
ubstance. Typical side effects were dissociation and seda- 
ion, as previously recorded in both clinical and pharma- 
ovigilance studies ( McIntyre et al., 2021 ; Guo et al., 2022 ;
ajs et al., 2020 ); specifically, side effects monitoring was 

imited to two hours as requested by the SPC, and they 
id not require any major medical intervention. Moreover, 
onsistently with previous data, in the time of observation 
here were no reports of new-onset drug or alcohol misuse 
 Wajs et al., 2020 ). Similarly, craving occurrence was not re- 
orted. Finally, no misuse nor diversion of ESK-NS were here 
ecorded. 

. Conclusion 

espite study limitations related to the inherent nature of 
he study, a limited number of patients, and a short follow- 
p period (3 months), ESK-NS showed to be effective and 
afe in patients diagnosed with TRD comorbid with a SUD. 
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M

lthough research efforts are needed to clarify the many un- 
nowns associated with the long-term use of ESK-NS, includ- 
ng a specific assessment of substance abuse related issues, 
.g. relapse of substance use, craving, etc., which were out 
f the aims of the REAL-ESK study, the results presented, 
lbeit preliminary, allow the option of ESK-NS to be safely 
ffered in rather complex clinical conditions to be treated, 
.g. in relation to comorbidity with SUD. 
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