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Abstract

Purpose of Review Patients with bipolar disorder are frequently treated with polypharmacy. This article should provide clinicians
with an understanding of how polypharmacy can contribute to pharmacokinetic and pharmacodynamic drug-drug interactions
(DDIs).

Recent Findings The pharmacokinetics and pharmacodynamics of lithium and other mood stabilizers (valproate, lamotrigine,
carbamazepine, oxcarbazepine, and eslicarbazepine), antipsychotics, and selective serotonin reuptake inhibitors (SSRIs) were
reviewed and summarized in the first four tables describing their pharmacokinetic and pharmacodynamic mechanisms.
Summary Four tables summarized the DDIs which are likely to be clinically relevant in adults with bipolar disorder: two for
mania treatments (with and without carbamazepine), one for maintenance treatments, and one for depression treatments. The
purpose is to be practical, helping clinicians pay attention to and manage polypharmacy, avoiding adverse drug reactions (ADRs)
in patients with bipolar disorder, including both the frequent ADRs and those rare but potentially lethal ADRs. Future articles
should improve these tables.
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Introduction

Polypharmacy (or polytherapy) appears to be the norm
around the world in patients with bipolar disorder [1ee].
In a large pragmatic US multicenter randomized clinical
trial (RCT), complex polypharmacy involving at least
four medications was utilized in one in five individuals
59 Jose de Leon with bipolar disorder [2]. During the 2010s, the phar-
jdeleon@uky.edu macological guidelines for bipolar disorder provided dif-
ferent pharmacological recommendations for manic, de-
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State Hospital, 1350 Bull Lea Road, Lexington, KY 40511, USA recommended monotherapy as a first step but then

Psychiatry and Neurosciences Research Group (CTS-549), Institute moved to colmb.lnatlons of drugs in subsequent steps.
of Neurosciences, University of Granada, Granada, Spain As psychiatric textbooks do not usually pay atten-

tion to drug-drug interactions (DDIs) [11], bipolar dis-
order guidelines also pay little attention to them. A
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Two results [7] were found in one guideline, and three
in another [8], but no examples were included. The
British guideline for pharmacologists used the term
several times with some specific examples in their ap-
pendix [3].

Literature Search for DDIs in Order to Provide
Recommendations for Clinicians

Since 2006, the two authors have collaborated in searching the
literature, looking for DDIs of psychiatric drugs so seven DDI
review articles [12—14, 15+, 16, 17+, 18] could be written. An
October 2017 PubMed search (with no time limit, focused on
adults and including animal studies) provided new articles
beyond those hundreds of articles previously reviewed. The
reference list of any new article was reviewed for any previ-
ously unidentified article.

Clinical Classification of DDIs

As in prior articles [15¢, 16, 17¢], we used a clinical
classification of DDIs based on changes in safety, which
pharmacologists call adverse drug reactions (ADRs), or
in efficacy. This classification categorizes DDIs as hav-
ing (1) beneficial (positive) effects (increased efficacy
and/or safety) or (2) harmful (negative) effects (de-
creased efficacy and/or safety).

Pharmacological Classification of DDIs

Pharmacological mechanisms divide DDIs into phar-
macokinetic and pharmacodynamic DDIs. A pharma-
cokinetic DDI is associated with a modification in
the serum concentration of either the drug or its me-
tabolite(s) and can be studied in vivo by therapeutic
drug monitoring (TDM) [19]. Although psychiatric
textbooks tend to ignore pharmacokinetic DDIs [11],
they are extensively addressed by pharmacological
journals. Pharmacodynamic DDIs are not easy to study
since they do not cause TDM changes and for in vivo
study, future advances in brain imaging will be re-
quired. In our experience, clinically relevant pharma-
codynamic DDIs are frequent in the clinical environ-
ment, although very few articles describing them are
published [11].

@ Springer

Pharmacokinetic DDIs They reflect changes in absorp-
tion, distribution, metabolism, or excretion of a drug
and/or its metabolite(s). Although on rare occasions
protein binding can be associated with clinically rele-
vant DDIs for valproate [20], most of the pharmaco-
kinetic DDIs with potential for clinical relevancy in
bipolar disorder occur during drug metabolism with
inducers or inhibitors. Inducers are drugs that, acting
at the nuclear receptors, increase the synthesis of the
metabolic enzyme [21, 22]. They usually require sev-
eral weeks to produce maximum effects and disappear
after withdrawal [21]. Adding an inducer is associated
with a decrease in the serum concentration of the
induced drug, while discontinuation is associated with
increases. Inhibitors bind to the metabolic enzyme and
make it inactive. Adding an inhibitor is associated
with an increase in the serum concentration of the
inhibited drug, while discontinuation is associated
with decreases. The half-life of the inhibitor is what
determines the amount of time needed for maximum
inhibition. Some of the selective serotonin reuptake
inhibitors (SSRIs), such as paroxetine or fluoxetine,
are called non-competitive inhibitors by pharmacolo-
gists since they bind irreversibly to the enzyme and
cannot be displaced by the inhibited drug. Besides the
typical inhibitors, any drug in a situation of compro-
mise, frequently when multiple drugs saturate a met-
abolic pathway, can behave as an inhibitor and inhibit
its own metabolism; this is called competitive inhibi-
tion and is easily reversible by decreasing the sub-
strate dosage.

Pharmacodynamic DDIs They take place directly at the
site of action of a drug or indirectly by interfering with
another physiological mechanism. Pharmacologists
classify them as (1) additive (i.e., equal to the sum of
the effects of the individual drugs), (2) synergistic (i.e.,
the combined effects are greater than expected from the
sum of individual effects), or (3) antagonistic (i.e., the
combined effects are less than additive). There is no
data for determining whether the pharmacodynamic
DDIs seen in bipolar patients are additive or
synergistic.

Problems with this Pharmacological Classification This phar-
macological classification has two simplifications [18e°]:
(1) inducers can induce endogenous compounds and
these can lead to DDIs that are probably better classi-
fied as pharmacodynamic and (2) DDIs can be used by
clinicians to counteract ADRs.



Curr Psychiatry Rep (2018) 20: 17

Page30of24 17

In the pharmacological sense, the induction of en-
dogenous compounds is a pharmacokinetic effect [21],
but to a clinician, these DDIs may resemble other
physiological actions of AEDs. An increased risk of
osteoporosis in bipolar patients may be an example of
this type of unusual DDI. The literature supports the
possibility that long-term use of those antipsychotics
with high potential for causing hyperprolactinemia
may increase the risk of osteoporosis. This is a phar-
macodynamic effect, and another pharmacodynamic ef-
fect, probably at the bone serotonergic mechanism, ex-
plains why SSRIs may also increase the risk of osteo-
porosis. Although no study has explored the long-term
risk of combining hyperprolactinemia-inducing antipsy-
chotics and SSRIs, it is reasonable to expect pharma-
codynamic, additive, or synergistic effects contributing
to the risk of osteoporosis. Carbamazepine is a potent
inducer and, as with other inducers, has been firmly
associated with osteoporosis which is explained by a
potent induction of vitamin D metabolism [21]. Thus,
when long-term carbamazepine treatment is associated
with long-term SSRI use, pharmacological mechanisms
suggest that a DDI is possible; this is a combination of
the pharmacokinetic effect of carbamazepine on the
endogenous metabolism of vitamin D and a pharmaco-
dynamic effect of the SSRI. To simplify, we tend to
call this a pharmacodynamic DDI [15¢]. Simplification
is important when talking about osteoporosis risk in
bipolar patients, since some clinical studies [23] and
some animal studies [24] indicate that lithium may
protect from osteoporosis; thus, combining lithium with
SSRIs has the potential of causing an antagonistic DDI
and may reduce the risk of osteoporosis from SSRIs.

Using an ADR to counteract the ADR of another
drug may be better described as a management strategy
or clinical strategy for reducing ADRs rather than a
pharmacodynamic DDI per se, but it is simpler to clas-
sify it as a beneficial pharmacodynamic DDI [18¢¢]. An
example of such a clinical strategy is to use topiramate
for decreasing weight gain secondary to other drugs,
including antipsychotics.

Summary of the Pharmacokinetics
and Pharmacodynamics of the Main Drugs
Used in Bipolar Disorder

Table 1 provides a brief summary of the pharmacokinet-
ics and pharmacodynamics of lithium, the mood stabi-
lizer par excellence. Lithium is not metabolized but

Table 1 Pharmacokinetics and pharmacodynamics of lithium for adult
patients with bipolar disorder

LITHIUM

PHARMACODYNAMICS

Efficacy

Mania: unclear (one theory: | protein kinase C activity)

Mood stabilizer: unclear (one theory: by suppressing inositol signaling)
Antidepressant augmentation: unknown

Antisuicidal effects: unknown

Possible neuroprotective effects: unknown

Leukocytosis: complex

Safety

Tremor: (dose-related) unknown

Cognitive impairment: (possibly dose-related) unknown

Extrapyramidal symptoms by itself or 1 AP-induced: | dopaminergic
activity in basal ganglia

Rare but concerning neurological ADRs: pseudotumor cerebri,
residual after intoxication, confusional states

Weight gain: (possibly dose-related) unknown

Hyperlipidemia according to case reports: unknown

Serotonin syndrome during polypharmacy: 1 serotonin activity at brain
and periphery

Nausea, vomiting or diarrhea: unknown (can happen at onset but later on
are dose-related)

Polyuria: blocking ADH at kidney

Kidney damage: unclear (one theory: by antiapoptotic effect)

Rare but concerning renal ADRs: acute nephrotic syndrome and
possible 1 renal cancer

Edema: unknown

Hypothyroidism: interferes with release and synthesis of thyroid
hormones

1 Serum calcium levels: interfere with parathyroid hormone mechanisms

Possible 1 osteogenesis: not well understood

Cardiac arrhythmias (sinus node dysfunction/atrioventricular blockade):
antagonism of sodium channels

Potential to exacerbate acne: not well understood

Potential to exacerbate psoriasis: not well understood (one theory: by
suppressing inositol signaling)

Alopecia: not well understood

PHARMACOKINETICS
Renal elimination (depends on glomerular filtration rate, sodium
retaining and eliminating mechanisms)

Pharmacokinetic and pharmacodynamic mechanisms are described with
italic letters in the table

ADR adverse drug reaction, AP antipsychotic, C concentration

renally excreted [25] and has complex pharmacodynam-
ic actions [26¢]. Table 2 focuses on antiepileptic drugs
(AEDs) with mood stabilizer properties. Valproate is a
drug with complex metabolism that appears to vary with
the dose [27]. Traditionally, it has been considered an
inhibitor, but it may also be a mild inducer [21]. It is
probably both a mild inducer and a competitive inhibi-
tor for olanzapine and clozapine [21]. Valproate is
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No relevant DDI

CBM

CYP1A2/CYP2D6 (Inhibitor of: CYP1A2/CYP2C19: potent

CYP2C9/CYP3A4: moderate

FLUV®
CYP2D6: weak)

Table 4 (continued)

@ Springer

Do not combine: 1 VPA levels described

OLA dose: 0.3-0.5% or use TDM

VPA

OLA

Monitor for AP ADRs. Use AP TDM if you

combine

ARI, RIS®

Pharmacokinetic and pharmacodynamic mechanisms are described with italic letters in the table

ADH antidiuretic hormone, ADR adverse drug reaction, AP antipsychotic, ARI aripiprazole, ASE asenapine, CBM carbamazepine, CIT citalopram, CYP cytochrome, ESCIT escitalopram, DDI drug-drug

interaction, EPS extra-pyramidal symptoms, FLUO fluoxetine, FLUV fluvoxamine, K potassium, M muscarinic, PAR paroxetine, OLA olanzapine, QTc QT corrected interval, RIS risperidone, SER

sertraline, STADH syndrome of inappropriate antidiuretic hormone secretion, SSR/ selective serotonin reuptake inhibitor, 7DM therapeutic drug monitoring, VPA valproate

This is not a definitively proven theory due to a mismatch in chronology: reuptake inhibition starts within hours but antidepressant response takes a few weeks

® Brexpiprazole and iloperidone have similar DDIs due to their mixed metabolic profile: CYP2D6/CYP3A4

°FLUV is not approved for depression in the USA. Table 8 does not include FLUV

susceptible to clinically relevant DDIs at the protein-
binding level [20].

Lamotrigine is a mild inducer. Carbamazepine is a
potent inducer [21] and induces the metabolism of
most of the psychiatric drugs. Table 2 includes at
the bottom two carbamazepine analogs,
oxcarbazepine, and the acetate of eslicarbazepine.
They are not approved for bipolar disorder but are
used by clinicians due to their similarity to carba-
mazepine, although with less potential for ADRs;
they are mild inducers [21].

Table 3 provides a brief summary of the pharma-
cokinetics and pharmacodynamics of antipsychotics,
including the second-generation antipsychotics, for
any approved indication in bipolar disorder, along
with haloperidol, which is frequently mentioned by
bipolar disorder guidelines. The table focuses on
oral compounds, but DDIs of long-acting com-
pounds are similar. A recent review compares the
pharmacokinetics of oral and long-acting risperidone
formulations [28]. Antipsychotics are not inducers. Some
compounds can be mild to moderate CYP2DG6 inhibitors:
asenapine (from the second-generation compounds) and
haloperidol (first generation).

Table 4 provides a brief summary of the pharmaco-
kinetics and pharmacodynamics of the SSRIs.
According to the guidelines, SSRIs are usually con-
sidered to be the antidepressants with less potential
for causing switches to manic phases and the most
recommended. Prior review articles described the
pharmacokinetic and pharmacodynamic DDIs of oth-
er antidepressants with antipsychotics [14¢] or AEDs
[15¢]. Some of the SSRIs are clinically relevant in-
hibitors of the metabolism of antipsychotics and
some mood stabilizers.

Published Systematic Reviews of Combined
Treatment in Bipolar Patients

Few systematic reviews focus on combined treat-
ments during the manic, maintenance, or depressive
phases.

Mania Three systematic reviews explore differences
between monotherapy and combination therapy in
mania in bipolar disorder [29¢, 30°] or mania and
bipolar depression [31¢]. Ogawa et al. [29¢] described
mood stabilizers plus antipsychotic combination/
augmentation therapy as (1) more effective than
mood stabilizer monotherapy in terms of change in
scores on mania rating scales at 3 weeks and at
1 week; (2) more effective than antipsychotic
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2 monotherapy at 3 weeks, but not at 1 week; (3) no
B 3 2 different from either monotherapy group in study with-
> = .
g E: @9 drawal for any reason or due to ADRs; and (4) associ-
g §§n§ ated with more ADRs, especially with somnolence,
3 : i = while it did not increase treatment-emergent depression.
O =l S o< g p
=] o . . .
5;3 '§”~*-§- Glue and Herbison [30¢] described combined
8 g g E antipsychotic/mood stabilizer therapy as (1) significant-
£ ‘w3 g ly more effective than mood stabilizers or antipsychotic
; —gg g monotherapy for responder rate and (2) having the
) o . oqe .
= _téog s highest probability of being the best treatment based
i g 3 <§§ on change in mania rating scales and for response.
~ 23 % s Galling et al. [31¢] described combined antipsychotic/
%’ 3 E" é E“‘E mood stabilizers as associated with (1) significantly
— .= Q . . o
2 ‘E E § @z higher ADR burden when compared with mood stabiliz-
g 85 g __Té § er monotherapy, particularly weight-gain-related, extra-
= 55 g2 g pyramidal and metabolic ADRs and (2) significantly
£ % 2 8 ;2 ‘Qé; higher ADRs when compared with antipsychotic mono-
gﬁ £ g § 3 §D therapy with more risk for tremor, sedation, or vomiting.
2 8 s Em'g As there are almost no RCTs [32, 33], carbamaze-
0 5 9 . . .
g = 2 E 23 pine has not been approved by the FDA for adjunctive
= = ISNG . . .
% £ & §% treatment of mania. In 2003, the first RCT in which
] Sc"i % g2 an antipsychotic, risperidone, was tested as an adjunc-
7129 Q2 @g%’ tive treatment for mania was published [34].
e gg gﬁ = Risperidone demonstrated adjunctive properties in the
g o o
§ z 2 " E z valproate and lithium arms but failed in the carbamaz-
o % § § ‘%tg epine arm due to the induction of risperidone metab-
g % ~ . . . .
g fé 2 S B < olism. It was unfortunate that the inductive properties
2 4 g 2 g g '% > of carbamazepine were not considered by the marketer
~ % ° s 39% & and the risperidone dose was not doubled in the car-
3 2 B0 3 = . . . .
g ; = gém @) bamazepine arm, which would probably make risperi-
E 2 & = % 8) E done effective [35]. In a context of denial in the Iit-
2 = ) . . .
< < “‘§ 5 2 £¢ 8 erature concerning the effects of inducers [35, 36], the
g . - £ . . .
é; g £ §§ 2 2 EE E pharmaceutical companies planning to market other
= & S S = 5} . . . .
= -8 § S5 = % E £ L; antipsychotics for mania appeared to decide to exclude
2 o = 2 < . . . .
£ g2 ¥ § _§ R o:g = patients taking carbamazepine from RCTs and restrict
-~ 9] . . .
é s%“g’ S 838 g 2% 8 them to patients on valproate or lithium. Only three
= S =R s O . . . . .
= 5 2 E 3 S 3 o 2 R R other published RCTs included patients with combina-
£ 8§ S3I - $ 85583 . ¢ . insvehotics: .
PR 2s:§ o £3 8 i tions of carbamazepine and antipsychotics: (1) an in-
355 a § §~§ s §é%’ g ternational olanzapine RCT studying 60 patients
& =235 ¢ allowed a high dose of olanzapine, up to 30 mg/day,
=i . . .
£ ié 2 33‘ to compensate for carbamazepine inductive effects
2 E §_§ e [37], (2) a Japanese olanzapine RCT which recruited
5% g %%g a2 only one patient on carbamazepine and was
§§ N £ g mi i discontinued [38], and (3) a carbamazepine RCT with
£ § o S g % 3 E ‘g 53 patients taking antipsychotics [39]. Thus, it is not
SEg a g 55 8 g surprising that two reviews of combined treatment in
e . 0O . . . . . .
%’ €8¢ ) “T; mania focused on combinations of antipsychotics with
Q . . . .
2 g '% %’0{5 Qé 3 valproate or lithium but had to ignore those with car-
= = .
é TQ 2 £ ég £ bamazepine [32, 33].
== @2
S E‘ 2 E g s =1 -
w | E %‘ 5 2 .§ 2 E Maintenance In a 2011 meta-analysis, Vieta et al. indi-
= < = . . . .
= |8 2 g x § SN cated the data on combination therapies for the main-
g |- Z S = tenance phase was very limited [40]. The complexity

@ Springer



Curr Psychiatry Rep (2018) 20: 17

17 Page 14 of 24

‘W2ISAS 213.4ounundop
v suoyov dnunudpoovutivyd poojsiopun-jjam-jou g Msu | Aewr wnrgry

“wnII-INGD Aq st

‘wasAs o13.2unundop
D SUOYID POOISLIPUN-]]aM-10U g JOWRI} PadNpuI-onoydAsdnue | Aewr winiypry
“WNII-NGD Pue Wwnigi-ydA Aq Jowox |

NGO Aq awn ypm paonpui 2q uvd pup Apidp. sdojpaap 2oup.12j0y ;nq pasn
Apuanbayy are (s.0ydadas Yy gyo Jo siownpow o1i21so]p aayisod) sauidozeipozuog
‘uonepas | pinoys (saurdozerpozuaq ypim Jurpnjour) SUORUIGUIO))

(s192fJ2 o1unudpoovuLivyd d1s1342uAs 10 2a11pPD
01 anp)Keo1gs | 01 JySnoy) Are SUOHBUIQUIOD DATI0JJA jou ST Adeioyjouowr uaypy

‘NGO SuIppe jo syyuow ¢—g 10y WAL dV 1opIsuo)
“payoear
SI 0Je)S APEA)S [IUN | 9q [IM UONONPUI PUE Syoom G—¢ saxmnbar ajers Apeais gD
SINAL 9aAISNOD NED HLIMTNITIVD a9
SUOT)BUIqUIO))

SIY 10§ 3d2oxd SJyDS Ul 218y
SdVDd

uoyvINIS2 pavja4-asop pid.d yjm
widISAS [DIDLYSOLSIU JD 2PVYI0]q ST

SUOTOBAI OIUOISAP ANOY
Juapuadop-asop

SjouuDY>d
v\ Juapuadap-23vijoa Juapuadap-asop Ajqissod
Jo dnaoo 1 umouyun)

(UOTSNJUOJ 10 JE[[0qRIdD ‘SHOLAP SANIUS00) SYY [edIS0[0INU Y0

N0 Iomog

dIZ V10 dSV Pyl

ANT “IVd “SIA :puodss

dVD ‘WnwIXey

SSOUJJTIS [)IM pajeIoosse Ajpuonbouy
paivjai-asop pup uvtuosuryind
wWaISAS [DIDLYSOLSIU 1D 2pDYI0]q E(T

paivja.-asop uonoe 1o Jermsod
uMouyUy)

JOWI]

ALFAVS

S “TVH “dSV V10 ‘N0 dIZ om0 Juapuadap-asop
ZdD [ewrxey sjauuDYd
20UD.12]0] puv 22UPUIAIP-2S0P DN JUapuUadap-230Ij0A Juapuadap-asop Ajqissod
apvy20jq '[ Jo duanop 1 umouyuy)
dojaaap Aewr 9ouRID[0) SWOS puk sire)s A9edIJe druewUe 210Joq djoy Aew :NOILVAAS

(aggop
D aspury udjoid
apvy20)1q ¢ Aq Aqissog 1 L1021y auo) umouyin

(dpnanon ) asoury
wiago.d T 102y} 210) umouyuy)

ADVIId4d DINVINLLNY

93ueypd asop ou :J[7-
umowyun 74 ‘4SV-

STY VIO “TVH TV :980p xZ- wnuxnw

TVd 9SOP x¢-  YoDad 0] Syaom ¢—¢
400 WAT YV Puquiod jou og- 01 dn w12omput-omy
JNED Suipre3ay A20npul
(19qe[-J0 218 JNFD YIM SuoneuIquio))) IDN/dAD Mf1emog Mopuin dynadp.aay) MoLDN
sdV NGD wnIyy|

(syuessardaprjue JO UOHENUNIUOISIP PUSUILLIONAI SAUI[APING) VA 10ou Inq INgD Surpnjour ‘syusned jjnpe ur zopiosip Jejodiq jo sseyd owew uunp siqq 9 djqel

pringer

Qs



Page 150f 24 17

Curr Psychiatry Rep (2018) 20: 17

's3nip 190 Aq eruadojfoo[nueld srenuope Aew wNIyI|

erwoneuodAy paonpur-Ng)) Jo ysur T wnigry

wisipro4dygoddy Jo ysii | fi avajoun wunn-gND

uoyounfsdp apou snuis fo ysie | wniyi-INgD

NAL Wil 19pIsuon
parpms
u22q 10U 24vY INq 2]q1ssod a.v $322[Ja druPUlPoIDULIDY D1SISLPULS/PAIPPY

parpms
u22q 10U 24vY Inq 2]q1ssod v $322[Ja druPulpodIvuLIDYd J1SIZLOULS/PAIPPY

sIsojAoo[nueIge Jo ysry
eruadoyfoonuerd Ajorey eruadojkoornueis Ajorey
POOISL2PUN []2MA JON POOISI2PUN [[oM JONT

Hav
Jo asvaja.a puv uonyov |

uoyonpui
uonouny 150 4q qissod
proIAy) yim a1yl Aew g Q) 15938ns vlep owos (£ dja.av.) 1 2a.4f T un)

Juapuadap-asop
SjpuunYd DN JUIPUIAP

SISOJAd0[NuEID)
POOJSIDPUN []2M JON
eruadojfoonueln)

doupry u uouow [V $y201g
HAaV

sApm [p.1o42s

u1 sauouLioy p1o4dyy fo asvaja.
pup SISOYJUAS YIIN S2A2[A27U]
wisiproIAyjodAH

Juapuadap-asop
SjauuDYyd

-23vjj04 0 Aj1anon T v juapuadap-a3vijoa fo Ajianon 1

Juapuadap-asop
BOSNBU 9SNBD URD J[7Z “UNT ‘TIAV A[[eu]  sppuunyd vy juapuadop
S192ffo jruoanuY 24vY S.42¥20]q < -23vjj04 0 Aj1a13on 1

SI9Y0 105 :9[qIssod

4N0 V10 ZdD A1
uis1joquIaUL 2502N)3 UO S22 19241(]
13 1Y 31M 0] aNp JI241pUf

SOPLIOIAISLY) pue [0SO |
100 10J :9[qrssod

SOPLIJAISIN
pue [019)S3[0Y9 |

SeruAYLY

paivja-asop Ajqissod :a1v]
uonenuLoy oFueyd 4.
uUMOouyU))
FunIwoA 10/pue easneN

JuvpLodudr 0u 32241
w13 1Y 31oM 0] NP JI241PUJ
eIodA[310dAH

SOPLIJAIFLY

400 ‘VI0 ‘ZdD A1 dAD fo uoyonpur o241 | ued 31 3s933ns syrodar ase)

‘parpnis wistyjogoaut pidiy uo $122ffo 12217 umw3 P2IPNIS []oM JON 19241
u22q 10U 2ADY NG 2]qissod a.4v $122[J2 drunulpoIvuULIDYd d1S1ZIULS/PALIPPY urn3 JY312M 0] 2np J22.41puUJ  1YS12M 0] NP :JO24IPUJ urn3 Jy31om 0] anp :122.41puf
erwoprdiprodAy
dIZ 4NT “IVH “dSV T4V PIyL
SIY ‘ANO “TVd ‘Ol “ZdD :puooog
V10 ‘wnuirxep
asop Jv 1 4o wapainba s1 g Sutppy pawjas-asop Ajqissod paivjai-asop Ajqissod
Aoy a4 $192/J2 d1uwulpoovutiyd d1S134UlS/PAIPPY ammaddp | asnno appy20)q P [ H-¢ puv 'fy umouyuy) umouyuy)
ured 1y31oa

(ponunuoo) 9 d[qe],

pringer

Qs



17 Page 16 of 24 Curr Psychiatry Rep (2018) 20: 17

of analyzing combined treatments can be understood if
one realizes that some drugs appear to prevent mania
(lithium and several antipsychotics) while others (lithi-
um, lamotrigine, and quetiapine) may prevent depres-
sion [41]. In a 2014 review of RCTs and other studies,
Bouli et al. proposed that combined treatments are as-
sociated with better efficacy but worse safety [42].
More recently, in 2016, Yathan et al. completed an
RCT on the maintenance phase focused on adjunctive
treatment with olanzapine or risperidone in patients
taking lithium or valproate [43]. They found that ris-
peridone or olanzapine adjunctive therapy for 24 weeks
is beneficial, but continuation beyond this period may
not be helpful since (1) risperidone does not reduce the
risk of relapse, while (2) olanzapine’s potential benefit
needs to be weighed against an increased risk of
weight gain.

Depression In 2013, Zhang et al. [44] completed a
meta-analysis on the effects of antidepressants on re-
sponse and switching to mania. Antidepressants were
not associated with higher response or remission rates.
In 2016, McGir et al. [45¢], in their meta-analysis fo-
cused on bipolar depression, included six RCT trials
adding second-generation antidepressants to mood sta-
bilizers or antipsychotics. The combined treatment was
associated with a small but significant improvement in
clinician-rated depressive symptom score but no chang-
es in remission rates versus placebo. There was no
increased short-term risk of treatment-emergent mania
or hypomania, but there was in the long-term at
52 weeks. McGir et al. [45¢] proposed that antidepres-
sants should be used only in the short term in bipolar
patients. In conclusion, the treatment of bipolar depres-
sion is rather controversial [46] but, as efficacy of the
various treatments is low, it clearly seems important to
focus on avoiding ADRs [47].

suggest in many of the cases associated with SGAPs, lithium may be a contributing

Was described with FGAPs but has become very rare with SGAPs. Review articles
factor.

not-well-understood vulnerability factors may be

D, blockade at nigrostriatal system but some other
important.

Practical Guidelines for Clinicians
Regarding DDIs in Adults with Bipolar
Disorder

As combined therapy appears to be almost the norm
for bipolar patients during the main three phases, ma-
nia, maintenance, and depression, one would think that
the literature would provide easy sources for clinicians
to find descriptions of the pharmacodynamic and phar-
macokinetic DDIs in bipolar patients. Unfortunately,
this is not the case. We are only aware of three prior
articles aimed at summarizing pharmacokinetic and
pharmacodynamic DDIs of pairs of drugs [13, 14e,
15¢], and a recent review focused on the

Neuroleptic malignant syndrome

haloperidol, /LO iloperidone, LUR lurasidone, Na sodium, OLA olanzapine, PAL paliperidone, QUE quetiapine, RIS risperidone, SGAP second-generation antipsychotic, 7DM therapeutic drug monitoring,

ADH antidiuretic hormone, ADR adverse drug reaction, AP antipsychotic, AR/ aripiprazole, ASE asenapine, CAR cariprazine, CBM carbamazepine, CPZ chlorpromazine, CYP cytochrome, D, dopamine 2,
UGT uridine 5'-diphospho-glucuronosyltransferase, VPA valproate, ZIP ziprasidone

DDI drug-drug interaction, FGAP first-generation antipsychotic, /; histamine-1 receptor, 5-H7, serotonic 2c receptor, GABA, gamma-aminobutyric acid A receptor, /; histamine-1 receptor, HAL

#CPZ has US approval for mania. It is probably mainly metabolized by CYP2D6 and CYP1A2. CBM is probably a clinically relevant inducer of CPZ

Pharmacokinetic and pharmacodynamic mechanisms are described with italic letters in the table

Table 6 (continued)

@ Springer
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pharmacodynamics of combinations of AEDs with an-
tipsychotics, antidepressants and lithium [18e]. We
have summarized for clinicians the limited published
data, our research and clinical experience, and phar-
macological knowledge of pharmacokinetic and phar-
macodynamic mechanisms on DDIs in Tables 5, 6, 7,
and 8. No attempt was made to grade the evidence
since, unfortunately, the RCTs ignore the personalized
approach required to study unusual subjects [48];
those patients having DDIs due to polypharmacy with
three to four drugs are never going to be studied in
RCTs. Tables 5 and 6 provide a summary of the po-
tential for DDIs in the manic phase, without and with
carbamazepine. Table 7 provides a summary of the
potential for DDIs during the maintenance phase.
Carbamazepine is not a first-line treatment according
to the pharmacological guidelines and is excluded
from Table 7 due to the high potential for the phar-
macokinetic DDIs that are emphasized in Table 2.
Table 8 provides a summary of the potential for
DDIs during the depressive phase by adding the
SSRIs.

Follow dosing patterns from prescribing information. Combination with
VPA requires halving: 1) titration and 2) maximum LTG dose.
Review articles suggest in many of the cases associated with SGAPs,

Was described with FGAPs but has become very rare with SGAPs.
lithium may be a contributing factor.

No studies on combined treatment.

Be vigilant; it can be lethal.

Conclusions

These DDI tables (Tables 5, 6, 7, and 8) are attempts to
be mainly practical and help clinicians remember and
pay attention to frequent ADRs which should be expect-
ed in combined treatments of patients with bipolar dis-
order. They also include the most severe and potentially
lethal ADRs that are so rare they will not be encoun-
tered in relatively small, short-term RCTs. As no article
that we know has tried to develop such DDI tables in
the context of polypharmacy, they are a first “baby
step.” These DDI tables will have to be improved in
future articles, as more data can help us expand our
personal insights and observations. Due to the extremely
high frequency of polypharmacy, there is great need for
studies of DDIs in bipolar disorder, but the lack of
funding for clinical research is a major limitation. For
increasing knowledge of DDIs, a collaborative effort is

Associated with rapid titrations

(more rarely after
discontinuation of inducers).

D, blockade at nigrostriatal system but some
other not-well-understood vulnerability

OLA and other APs only cause 1 enzymes
factors may be important.

receptor, 5-HT ¢ serotonic 2¢ receptor, HAL haloperidol, HDL high-density lipoprotein, LAI RIS long-acting injectable risperidone, LTG lamotrigine, LUR lurasidone, OLA olanzapine, PAL paliperidone,

ADR adverse drug reaction, AP antipsychotic, AR aripiprazole, ASE asenapine, CBM carbamazepine, D, dopamine 2 receptor, DD/ drug-drug interaction, GABA gamma-aminobutyric acid, H; histamine-1
QUE quetiapine, RIS risperidone, SGAP second-generation antipsychotic, VPA valproate, Z/P ziprasidone

Pharmacokinetic and pharmacodynamic mechanisms are described with italic letters in the table

5 ‘°§0 © o needed from all interested parties including (i) drug
3 < S E agencies and pharmaceutical companies, (ii) grant agen-
=< 9 . . . .

§ § e o3 E g cies, and (iii) researchers with expertise in (a) meta-

= Y ..

SIS SE s = analyses, (b) pharmacovigilance programs to detect
= E § DDIs, (¢) DDI pharmacology, and (iv) clinicians treating
E g %" patients with bipolar disorder.
£ e - s .
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