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ABSTRACT

Esketamine is a non-selective, competitive antagonist of the N-methyl-D-aspartate (NMDA) receptor in the brain. Through
NMDA receptor antagonism, esketamine causes a transient increase in glutamate release, leading to increases in neurotrophic
signaling and restoration of synaptic function in brain regions involved in mood regulation and emotional behavior. Several
randomized clinical trials have shown its effectiveness in reducing the symptoms of depression in some people, despite
its short-term side effects that include mainly disorientation, dizziness, nausea, and increased blood pressure. In 2019, the
United States Food and Drug Administration (FDA) as well as the European Medicines Agency approved the use of esket-
amine nasal spray in combination with an oral antidepressant for treatment-resistant depression in adults. Our study aimed
to evaluate the effectiveness of this new therapeutic proposal in a case series of five Greek patients with treatment-resistant
depression. Intranasal esketamine was administered under medical supervision in combination with an oral antidepressant.
Depressive symptoms were evaluated at three-time points (baseline, end of treatment, and one-year post-treatment) using
the Montgomery-Asberg Depression Rating Scale (MADRS), the Patient Health Questionnaire (PHQ-9), the CGI Clinical Global
Impression Scale, and the Perceived Deficits Questionnaire for Depression (PDQ-D). Possible side effects were assessed using
the Richmond Suppression Agitation Scale (RASS), the Sheehan Disability Scale (SDS), the CADSS Disruptive States Scale, and
a predefined list of adverse events (AEs) and serious adverse events (SAEs). Patients followed an individualized treatment
plan for seven to twelve months depending on the achievement of an adequate response. Statistical analysis of the results
revealed a significant improvement (p<0.05) on all scales used. All participants maintained their level of improvement at
follow-up after twelve months. Adverse effects were found to be mild and tolerable. It is worth noting that significant side
effects were reported only by the two patients with comorbid personality disorder. The results, despite being limited to a
small sample, indicate the positive effect of esketamine on the stable reduction of depressive symptoms among patients with
resistant depression, even after the completion of treatment.

KEYWORDS: Esketamine, treatment-resistant depression, mood disorders, therapeutic intervention, fast-acting antide-
pressant.

Introduction failure to achieve remission with two or more adequate

. . ,
Depression remains the leading cause of disability trials of antidepressants.? In 2019, both the European

worldwide." It is estimated that 10-20% of people with Medicines Agency and the United States Food and Drug
major depressive disorder are resistant to treatment.!  Administration (FDA) approved the use of esketamine
Treatment-resistant depression (TRD) is defined as the  in combination with an oral antidepressant for treat-
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ment-resistant depression in adults.> Escetamine is
administered as a nasal spray under medical supervi-
sion and works by targeting N- methyl -D-aspartic acid
(NMDA) receptors in the brain.>¢ Escetamine is effective
in reducing depressive symptoms, despite potential
side effects.” Among the most common side effects
are nausea, dizziness, drowsiness, sedation, and dys-
geusia (taste distortion).'o!

The present study provides the first results of esketa-
mine administration in a case series of five Greek patients
diagnosed with TRD. Study participants received esketa-
mine along with an oral antidepressant for 7 to 12 months
and were followed up to one year after treatment.

Materials and Method
Participants

Purposive sampling was applied to collect eligible
participants. Participants had to meet the following
criteria: (1) meet the diagnostic criteria for the ma-
jor depressive disorder of moderate to severe intensi-
ty at clinical judgment, as defined by the ICD-10-GrM
(Greek Modification), version 2017, version 2 (code
F32.2, F32.3 or F33) confirmed by Mini International
Neuropsychiatric Interview (MINI version 7.0.0, Greek),
medical history, and/or prescription records, (2) meet
the criteria for TRD, i.e., as a non-responder to two “ad-
equate” cycles of treatment 3 (3) have a total score of
28 or higher on the Montgomery — Asberg Depression
Scale (MADRS), (4) be at least 18 years old, (5) feel com-
fortable with self-administration of intranasal medica-
tion, (6) be willing and able to adhere to prohibitions
and restrictions established for esketamine, (7) be medi-
cally stable based on physical examination, medical his-
tory, and vital signs. Key exclusion criteria were a history
of bipolar or psychotic features, suicidal behavior in the
last year, and the presence of a serious health condition
overshadowing the depressive clinical picture.

All patients underwent a basic psychiatric evaluation
to confirm the diagnosis of TRD and certain medical
tests (blood, urine, and electrocardiogram) to deter-
mine medical stability and rule out substance abuse.
Written informed consent was obtained from all partici-
pants after the risks and benefits associated with esket-
amine treatment were discussed with them.

Tools

The Montgomery — Asberg Depression Rating Scale
(MADRS)," the Patient Health Questionnaire (PHQ -9),'
the Clinical Global Impression Scale (CGI)™ and the
Perceived Deficit Depression Questionnaire (PDQ)'> were
used to assess symptom severity and treatment efficacy.'

The MADRS is a widely used depression severity scale
completed by clinicians. It is often used in the investi-
gation of treatment responses to antidepressant drugs.
The PHQ is a self-administered questionnaire that as-
sesses the severity of depression. The CGl includes two
scores that assess (a) severity of psychopathology from
1 to 7 (CGI-S) and (b) change since treatment initia-
tion on a similar seven-point scale (CGI-I). After a clini-
cal assessment, the CGI form can be completed in less
than a minute by an experienced rater. The Perceived
Deficits—-Depression Questionnaire (PDQ-D) is a short
rating scale completed by depressed patients to assess
subjective cognitive dysfunction.

Adverse symptoms were recorded within the first hour
after dosing using the Richmond Agitation Suppression
Scale (RASS),"” the Sheehan Disability Scale (SDS),' the
CADSS Disruptive States Scale' and a list of predefined
adverse events (AEs) and serious adverse events (SAE).%°
The Richmond Suppression Agitation Scale (RASS) is an
instrument designed to assess the level of alertness and
agitated behavior in critically ill patients. The Sheehan
Disability Scale (SDS) measures impairment in function-
ality. The scale has four scores: a work disability score,
a social life disability score, a family life disability score,
and a total score. The “toxicity data” or “side effects” of a
drug can generally be divided into two types of events:
adverse events (AEs) and serious adverse events (SAEs).

Adverse events (AEs) are defined as “any untoward
medical event in a patient administered a medicinal
product that does not necessarily have to be causally re-
lated to that treatment”. Serious AEs (SAEs) are defined
by the Food and Drug Administration as AEs that result
in death, are life-threatening, require hospitalization, or
prolong an existing hospitalization, result in persistent
or significant disability, cause a congenital abnormality/
birth defect, or require special intervention to prevent
permanent harm or damage.

The intervention

The study was carried out in an outpatient psychiatric
setting at a tertiary military hospital in Northern Greece.
All participants received esketamine along with an oral
antidepressant. Participants self-administered esket-
amine under the direct supervision of a responsible
healthcare professional. The initial dose of esketamine
was 56 mg. Dose and frequency were later adjusted on
an individual basis according to treatment guidelines
and patient response (table 1).

Tool scores were collected at three different time
points (baseline, end of intervention, and one year lat-
er). At the end of treatment, patients who achieved a



Table 1. Analysis of sample and treatment intervention.
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Variables Case 1 Case 2 Case 3 Case 4 Case 5
Gender Male Female Female Female Female
Age 28 32 45 51 35
Years since the diagnosis of Major 2 7 15 21 2
Depressive Disorder
Oral antidepressant Vortioxetine Paroxetine Velafaxine Duloxetine Escitalopram
Dosage of oral antidepressant 20 mg 20 mg 150 mg 60 mg 30 mg
Total treatment duration 44 EBS 52 EBS 52 EBS 29 EBS 32 EBS

Start day 56 mg 56 mg 56 mg 56 mg 56 mg

Induction Phase

2x84 mg/week

2x84 mg/week

2x84 mg/week

2x84 mg/week

2x84 mg/week

(1rst- 4th week)

Maintenance Phase
(5th- 8th week)

Escetamine Dosage

Next Step Phase
(from 9th week)

84 mg/week

84 mg/2 weeks

Termination Phase (one month
before end of treatment)

56 mg/2 weeks

84 mg/week

84 mg/2 weeks

84 mg/week 84 mg/week 84 mg/week
84 mg/week 84 mg/week 84 mg/week
84 mg/2 weeks 84 mg/week 84 mg/week

50% or greater reduction in MADRS scores were consid-
ered “responders.”

Statistical data analysis

The statistical analysis of the data was completed us-
ing SPSS software version 15. The Wilcoxon signed rank
test and the Student’s t-test were applied depending on
the normality of the distribution. The level of statistical
significance was set at p<0.05.

Results
Case 1

The first patient was a 28-year-old man, single, with
no medical comorbidities. Two years ago, he was diag-
nosed with major depressive disorder. At the time of
evaluation, the patient was depressed, with a loss of
sexual interest, anhedonia, pessimistic thoughts, con-
centration deficits, and social isolation. During the third
esketamine infusion, the patient complained of mild
dissociative symptoms, photosensitivity, and dizziness.
These side effects disappeared completely within the
next hour. Four weeks later, the patient had mild de-
pressive symptoms (MARDS=15 points), improved libi-
do, and organized a vacation. At the end of the treat-
ment (after six months), the improvement was evident.
The patient reported an 85 % remission of depressive
symptoms. One year later, the patient had returned to
his previous functioning in his social, work, and love life.
From the 4th month to the 18th, the patient showed
no symptoms of depression. A picture of continuous

improvement was observed. There was a complete re-
cession.

Case 2

The second patient was a 32-year-old woman. Since
2017, she has been experiencing depressed mood,
loss of interest, blunted emotion, and anxiety. Despite
several antidepressant treatments, the patient had fre-
quent relapses. She received esketamine 84 mg weekly
for six months. The patient had no side effects during
treatment. Her MADRS score dropped from 41 to 16 af-
ter 12 infusions of esketamine. At follow-up after one
year, her MADRS score was 12 (mild depression score)
and her PHQ-9 was 2.

Case 3

The third patient was a 45-year-old woman who was
diagnosed with resistant depression about 15 years
ago. During this time, she was severely depressed,
with previous suicidal thoughts, anxiety, insomnia, and
cognitive deficits. Over the past 10 years, she has tried
various drug combinations, but her symptoms have
not improved. After 12 administrations of esketamine,
the patient reported a significant reduction in depres-
sive symptoms. Throughout the induction phase, the
patient continued to report benefits from esketamine
treatment, as evidenced by the PHQ-9 self-report scale.
By the end of the induction phase (week 4), the patient’s
PHQ-9 score had decreased to 5, indicating no depres-
sive symptoms. The MARDS score also decreased from
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49 to 16. The MARDS score at the follow-up was 9 (mild
depression). The patient reported functional recovery
after a long time.

Case 4

The fourth patient, age 51, in her mid-thirties, devel-
oped major depressive symptoms with persistent low
mood, anhedonia, poor concentration, and excessive
guilt. Previous adequate drug trials were not effective.
The psychiatric evaluation added borderline personal-
ity features to the diagnosis (F60.3). The dose of esket-
amine reached 84 mg twice weekly. During the third
week of esketamine administration, the patient report-
ed dizziness and suicidal thoughts. Twenty-four hours
later, the patient had no suicidal ideation. In the main-
tenance phase, the frequency was reduced to once per
week. The treatment lasted 7 months. The improve-
ment was slow but steady. At follow-up, the MADRS
had decreased to 20 (moderate depression) from 40
(severe depression).

Case 5

The fifth patient was 35 years old and for the last 2
years, she has suffered from anhedonia, social with-
drawal, feelings of worthlessness, fear of abandonment,
and a significant decline in her functionality. She had
been treated with different antidepressants in com-
bination with anxiolytics, showing a partial response
only to the phobic symptoms. A diagnosis of resist-
ant depression with dependent and paranoid features
was given (F.32, F.61). During the induction phase, the

patient experienced nausea, dizziness, and moder-
ate dissociative symptoms, which resolved within the
next hour. The patient developed a cardiac arrhythmia
within the second month of treatment and esketamine
treatment was discontinued for six months. After the six
months and having a negative organic control, the pa-
tient started taking esketamine again from the begin-
ning. She completed treatment within six months with
no further adverse effects. As hypothesized, the cardiac
arrhythmia was not attributable to esketamine itself. At
the follow-up, depressive symptoms and cognitive defi-
cits had improved significantly as shown by the MADRS,
PHQ-9 and PDQ-D scores.

Overall result

Five patients with a mean age of 39.5+11.5 years, four
women and one man participated in our study (table 1).
Comparisons of pre-and post-treatment scores re-
vealed significant improvement (p<0.05) on all scales
used. Improvement ranged from 10 to 30 points on
each scale. The results indicate a significant reduction
in the MADRS score in all our patients. At follow-up,
MADRS scores reached minimal levels, with a variation
between 20 and 6 points among our patients (figure
1). After the intervention ended, depressive symptoms
continued to decrease. Patient 1 achieved full recovery
(MADRS score: 6), while patients 2,3,4,5 achieved mild
depression scores. Similarly, PHQ-9 and PDQ-D scores
decreased as treatment continued (table 2).

Adverse events were found to be mild and toler-
able (table 3). The reported side effects did not occur

Change in MADRS since baseline

60

50

40 ~

30 ~

20

Case 1

Case 2

Case 3

Case 4

Case 5

baseline end of treatment

Figure 1. MADRS score change

one year after
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after each dose but appeared to occur infrequently
within the first four weeks of treatment and lasted for
a maximum of two hours. Side effects did not deter
any of the participants from discontinuing treatment.
Compearisons of scale scores between the time points of
the study are shown in table 4.

Discussion

This case series provides the first evidence for the
safety and long-term efficacy of esketamine in a Greek
population sample of patients with resistant depres-
sion. Our study found that nasal esketamine together
with an oral antidepressant, was an effective combina-
tion for reducing the depressive symptoms of patients
with resistant depression. Our results are consistent
with those of previous studies regarding the efficacy of
esketamine in reducing depressive symptoms and pre-
venting relapse.#921:22

Several studies have examined the side effects asso-
ciated with the intake of esketamine.?’?2* Qur patients
experienced mild and transient side effects, mainly in
the first hour after the infusion and during the induc-
tion phase. Side effects became less frequent as the
treatment continued. In contrast to previous studies,
the participants in our study did not feel “overwhelmed”
by the “side effects” of esketamine.?> Only one partici-

Table 4. Scales’ total scores.

pant experienced a major complication (heart problem)
that was treated by temporarily stopping the treatment
and restarting the treatment protocol six months later.
Zhang and Hassimoto commented on the addictive po-
tential of (S)-norketamine.?® No addiction was found in
our patients.

This study has limitations. Firstly, our small sample
does not allow generalizations. Secondly, participants
were followed up one year after treatment. Longer-term
clinical trials and “real-world” efficacy data are needed
to conclude long-term efficacy and the best treatment
regimen. Thirdly, the tests used can be applied to a small
sample. More practical tools could be selected in studies
of more patients. Despite these limitations, the present
study presents the first results from the administration
of esketamine to a Greek population. Undoubtedly, the
sample is too small to conclude efficacy and tolerabil-
ity. Nevertheless, we can conclude that the patients in
our sample showed good cooperation and compliance
and achieved an improvement in their overall clinical
picture and functionality. We believe that esketamine,
despite the conditions and limitations it poses (financial
access, abuse potential, time commitment, and REMS
requirements), is a clinically applicable and promising
option in the treatment of patients with treatment-re-
sistant depression.

Scales TO Tm T1 T2 Statistic Comparison ~ Comparison base-
baseline - a line — a
month after year after

(p) (p)

MADRS 40,00 (6,75) 22,60 19,20 (9,86) 10,00 (3,54) 3.25 0,011° 0.008?

(9,40) (start-month)
4.83
(start-year)

PHQ-9 22,80 (1,79) - 11,40 (8,82) 6,00 (5,61) 2.92 - 0.043°

PDQ-D 38,60 (21,62) - 16,40 (12,70) 8,60 (5,46) 3.21 - 0.033¢°

CGI-S 6,20 (0,45) - 2,60 (1,34) 1,00 (1,00) 7.06 - 0.002°

CGI-l 4,00 (0,00) - 1,80 (1,10) 0,40 (0,89) 0.00 - 0.053°

SDS a 8,80 (1,10) - 4,60 (3,13) 3,40 (2,97) 3.16 - 0.034°

SDS b 8,80 (0,84) - 3,60 (3,05) 3,00 (2,74) 3.95 - 0.0172

SDS ¢ 7,60 (2,51) - 3,20 (3,11) 2,60 (2,88) 3.92 - 0.0172

Abbreviations. MADRS: Montgomery-Asberg Depression Rating Scale; PHQ-9: Patient Health Questionnaire-9; PDQ-D: Perceived Deficits
Questionnaire- Depression; CGl: Clinical Global Impression Scale; SDS: Sheehan Disability Scale; a Student’s test b Wilcoxon signed-
rank test, TO: start of treatment; Tm: one month after; T1: end of treatment; T2: one year after treatment.

Values in columns TO, Tm, T1 and T2 are means (standard deviations). A p-value of less than 0.05 is considered statistically

significant
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AnoteAécpata Xoprynong eCKeTapivng o€ EAAnviko
nmAnOuouo: Mapovciaon CeIPAC MEPIOTATIKWY

Métpog OwTiddng,' EAévn Toahkitlh,' ARpog AnpéAng,' Paving Kwvotavtivog,
ABavaoiog Tolumpng,? Newpylog MaykaAod'
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MEPINAHWH

H eokeTapivn gival évag un eKAEKTIKOG, GUVAYWVIOTIKOG avTaywvioTHG Tou N-pebul-D-acmaptikol (NMDA) umoSoxéa otov
eYKé@alo. Méow tou avtaywviopou yia tov utodoxéa NMDA, n eokeTapivn mpokaAei mapodikn avénon otnv €éKAucn YAou-
TAUIVIKOU, 08nywvTag o€ au€AOEIC TNG VEUPOTPOPIKAG ONUATOSOTNONG KAl ATTOKATACTACN TNG CUVATITIKIG AEITOUPYIAC OTIC
TIEPIOXEG TOU EYKEPANOU TTOU gUMAEKOVTAL 0T PUOUION TNG S1ABEONG Kat TN CLVALCONUATIKY CUUTTEPLPOPA. APKETEG TUXALO-
TTOINUEVECG KAIVIKEG SOKIPEG €XOUV OEIEEL TNV ATTOTEAECUATIKOTNTA TNG OTN PEIWON TWV CUUMTWHATWY TNG KATABAIYNG o€ 0plL-
opéva atopa, mapd T BpaxumpoBeopeg TapeVEPYELEC TNG TTOL TTEPIAAMBAvVOLV Kupiwg Staoxion, (dAn, vauTia Kat avénon tng
apTnNpPlakig meong. To 2019, o Opyaviopog Tpogipwv kat Pappdkwy Twv Hvwpévwy MoAiteiwy (FDA) kaBwg kat o Eupwmaikdg
Opyaviopog Gapudkwy eVEKPIVAV TN XPoN PIVIKOU EKVEQWHATOG EOKETAUIVNG 08 CLUVOUACHO UE £va amd Tou GTOUATOG AVTI-
KOTAOMTTTIKO @APHAKO Yia TNV avOeKTIKN 0T Bepameia KAaTtaOAMYn og eVAAIKEG. H HeENETN Hag gixe wg oTdXo va aélohoynoel
TNV AMOTEAECHATIKOTNTA AUTHG TNG VEAG BEPATIEVTIKNG TTPOTACN( O€ UIA OEIPA TIEPIMTWOEWV TEVTE EANARVWV acBevwv pe avOe-
KTIKN KATAOAYN. To pIVIKO EKVEQWHA ECKETAMIVNG XOPNYHRONKE LTTO L1ATPIKNA EMIBAEYN o€ CUVOUACUO LE €éva Ao TOU GTOUATOC
AVTIKATAONTTTIKO. Ta CUUMTWHATA TN KATABAIYNG alohoyriBnkav o€ Tpia XpoVvikd onueia (Evapén BepameuTiKAC Mapéupaong,
M€n Bepaneiac, éva £To¢ UeTA TN Bepaneia) xpnotpomoIVTAC ThN KAipaka aflodéynong katddAipnc Montgomery-Asberg
(MADRS), To epwTtnuaTtoAdylo vyeiag acBevwv PHQ-9, Tnv KAipaka KAIVIKAG Taykooulag evtumwong CGl, kal To pwtnuaTold-
Yo avTIANTITWV EANEIMUATWY Yia TNV KATAOAWN (PDQ-D). MBavég mapevEéPyELleg EKTIMABNKAV XPNOILOTIOIWVTAG TNV KAIpAKa
kataoTtoAn¢g Siéyeponc Richmond (RASS), tnv kAipaka avamnpiag Sheehan (SDS), tnv KAipaka S100TTACTIKWY KATAOTACEWY
CADSS Kkat évav mpokaBoplopévo katdloyo avemBuunTtwy (AE) kal cofapwv avemBupntwy evepyelwv (SAE). Ot aoBeveig ako-
AovBnoav éva eATOULIKEVIEVO BEPATTEVTIKO TIPOYPAUUA Y 7 €wG 12 UAVEC, AVAAOYWGE TNG EMITEVENG EMTAPKOUE AVTATTIOKPLIONG.
H otaTioTikn avdAuon Twv amoTEAECUATWY AmOKAAUYE onpavTikn BeAtiwon (p<0,05) o€ OAEC TIC KAIUOKEG TTOU XPNOLUOTION-
Onkav. ONol ol cupPETEXOVTEG Slatrpnoav To emimedo BeAtiwong oto follow-up petd amod 12 prveg. Ot avemBUUNTEG EVEPYELEC
Bpébnkav va ival Amieg kat avekTéG. A&iCel va onUEIwOEl OTL ONUAVTIKEG TTAPEVEPYELEG avapépOnkav pévo amé Toug Vo aobe-
VEIC e ouvvoonpd oTolxeia MPoowmKOTNTAC. Ta amoteAéopata, mapdlo mou mpoékupav amd pikpd deiypa acbevwy, umodel-
KVUOUV TN BeTIKr emidpaon TN EOKETAUIVNG 0TN 0TABEPN HEIWON TWV KATAOAITITIKWV CUUMTWHATWY A00EVWY e AVOEKTIKN
KOATABALYN, aKOUN Kal META TNV OAOKApwon Tn¢ Bepameiac.
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