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Abstract
Context. Most patients with advanced malignant disease need to take several drugs to control symptoms. This treatment
raises risks of serious adverse effects and drug-drug interactions (DDIs).
Objectives. To identify studies reporting clinically significant DDIs involving medications used for symptom control, other
than opioids used for pain management, in adult patients with advanced malignant disease.
Methods. Systematic review with searches in Embase, MEDLINE, and the Cochrane Central Register of Controlled Trials,
from the start of the databases (Embase from 1980) through June 21, 2018. In addition, reference lists of relevant full-text
articles were hand-searched.
Results. Of 9699 retrieved citations, 462 were considered potentially eligible. After full-text reading, 29 were included in
the final analysis, together with 13 articles from reference lists. The 42 included publications were case reports, letters to
the Editor, and one retrospective study. Drugs most often involved were antiepileptics, antidepressants, corticosteroids, and
nonopioid analgesics. Clinical manifestations of identified DDIs included sedation, respiratory depression, serotonin
syndrome, neuroleptic malignant syndrome, delirium, seizures, ataxia, liver and kidney failure, bleeding, cardiac
arrhythmias, rhabdomyolysis, and others. The most common mechanisms eliciting DDIs were alteration of CYP450dependent metabolism and overstimulation of serotonin receptors in the central nervous system.
Conclusion. Drugs used for symptom control in patients with advanced cancer may cause serious DDIs. Although there is
limited evidence for the risk of clinically significant DDIs, physicians treating patients with cancer should try to limit
polypharmacy, avoid drug combinations with a high risk of DDIs, and closely monitor patients for adverse drug
reactions. J Pain Symptom Manage 2019;57:989e998. Ó 2019 American Academy of Hospice and Palliative Medicine. Published by
Elsevier Inc. All rights reserved.
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Introduction
Most patients with advanced malignant disease take
drugs to control symptoms. The number and role of
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drugs used for symptom control usually increase
when the patients approach the last days of life.1,2
In addition, many patients use drugs to treat
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concomitant diseases, and some continue anticancer
medications.3,4 The total number of drugs taken
regularly equals or exceeds five, the criterion of polypharmacy, in more than 80% of patients with
advanced cancer, and one in four patients take 10
or more drugs daily (criterion of hyperpolypharmacy).3,5,6 This use of multiple medications raises
the risk of serious adverse effects caused by drugdrug interactions (DDIs), which may be difficult to
adequately diagnose and manage.
Multiple studies have demonstrated that patients
with advanced cancer and other palliative care patients, including those in the last days of life, are
exposed to a high number of potential DDIs.3,7e12
Published reports on clinically significant DDIs of opioids used for the treatment of pain in patients with
cancer have been summarized in a systematic review13;
however, clinical reports of significant DDIs of other
classes of drugs used for symptom control in patients
with cancer, as well as of opioids used for the treatment of symptoms other than pain, have not been systematically reviewed.
The aim of the present review is to identify studies
reporting clinically significant DDIs involving medications used for symptom control, other than opioids
used for pain management, in adult patients with
advanced malignant disease.
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Methods
Search Strategy
Systematic searches were performed in Embase and
MEDLINE through OvidSP, from set up of the databases (Embase from 1980) until June 2018. The last
day searched was June 21, 2018. The full search strategy
for Embase is presented in Supplementary Table 1
(available online). Titles and abstracts of the retrieved
citations were reviewed independently by two of the
researchers (D. F. H. and A. K.-L.), and potentially relevant articles were read in full text (D. F. H. and A. K.-L.).
In cases of doubt or disagreement, articles were reassessed by all three investigators (D. F. H., A. K.-L., and
P.K.). In addition, reference lists of all the articles read
in full text were hand-searched for relevant articles.
A flow chart showing the selection of included articles is presented in Figure 1.

Inclusion Criteria
1. Publications reporting clinically significant
DDIs involving drugs used for symptom control,
excluding opioids used for pain management,
in adult patients with advanced malignant disease, as assessed by the authors of the article (irrespective of whether symptoms were related to
cancer or comorbidities)

Fig. 1. PRISMA flow chart showing the selection of articles.
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2. Any type of publication: randomized controlled
trial, other controlled study, observational study,
case report, case series, or letter to the Editor,
except for publications available only in abstract
form
3. Publications in English language

Exclusion Criteria
1. Only pharmacokinetic investigations (no clinical outcome)

Content Analysis
The identified publications were grouped according
to pharmacological class of drugs involved in the reported DDI, clinical manifestation, and proposed
mechanism underlying the DDI. The DDIs and underlying mechanisms were presented according to the interpretations made by the authors of the individual
articles. All the DDIs were assessed using information
in Lexicomp Drug Interaction Checker with respect to
their severity, risk rating, and level of evidence.14

Results
Of 9699 retrieved citations, 462 were considered
potentially eligible. After full-text reading, 29 were
included in the final analysis, together with 13 articles
identified through hand-searching of reference lists
(Fig. 1; Table 1).15e52,54e57 Fifteen of the articles
were published in the period 1978e2000 and 27 in
the period 2001eJune 2018. One of the case reports
was supplemented by an erratum (Table 1).53
Of the 42 included publications, 30 were case reports presenting one or two relevant patients, 11
were letters to the Editor, and one was a retrospective
study reporting four cases. No randomized controlled
trials or other controlled studies were identified. In
some publications, DDIs in both patients with cancer
and patients with nonmalignant diseases were reported. From these publications, only cases of DDIs
in patients with advanced malignant disease were
included in the review. In total, the publications reported DDIs in 47 patients.
Of the identified DDIs, 24 (53.3%) were of major
severity, 10 (22.2%) of moderate severity, and one
(2.2%) of minor severity.14 Ten of the DDIs identified
(22.2%) were not included in the Lexicomp DDIs
database (Table 1).

Drugs Used for Symptom Control Involved in DDIs,
and Clinical Manifestations of DDIs
Drugs most often involved were antiepileptics (23
cases) (phenytoin in particular) and antidepressants
(10 cases) (mostly selective serotonin reuptake
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inhibitors). Some DDIs were reported by more than
one publication. Twenty publications related to DDIs
of symptomatic drugs and oncologic agents
(Table 1).15e32,46,54 The details of all DDIs are given
in Table 1.
Most cases of DDIs identified resulted from
increased toxicity of the drug used to relieve symptoms or of coadministered drugs. In nine cases,
DDIs led to failure of treatment; for example, the
recurrence of seizures in patients treated with an antiepileptic agent.
DDIs involving medications used for symptomatic
treatment caused many different clinical manifestations:
sedation and coma,20e27,33,40,41,54e56 ataxia,19e25,38,39 serotonin syndrome,42e45,47,49 seizures,28e32,34 liver and
kidney
failure,15e17,52
respiratory
depression/
40,41,54e56
failure,
delirium,20,23,24,33,39 bleeding,36,57 visual impairment,23,38 cardiac arrhythmias,48 neuroleptic
malignant syndrome,51 rhabdomyolysis,46,50 and
others.18,20,26,27,35e38

Mechanisms Underlying DDIs of Drugs Used for
Symptom Control
Thirty publications identified pharmacokinetic
DDIs, and eight publications presented pharmacodynamic DDIs. Five publications reported a combination
of both pharmacokinetic and pharmacodynamic DDIs
(Table 1).
The most common mechanisms eliciting pharmacokinetic DDIs were alteration of drug metabolism (30
studies), including 14 publications related to inhibition or induction of CYP2C9, CYP3A4, or CYP2C19
isoenzymes of cytochrome P450 and two studies
related to glucuronidation. The other mechanisms
of pharmacokinetic DDIs were proposed to be secondary to impaired absorption of drugs from the gastrointestinal tract, increased volume of distribution,
displacement from protein binding sites, or decreased
renal elimination.
Pharmacodynamic DDIs were caused by overstimulation of serotonin receptors in the central nervous
system (five studies), inhibition of prostaglandin synthesis (three studies), as well as other and less clear
mechanisms. In some publications, more than one
mechanism underlying pharmacokinetic or pharmacodynamic DDIs was proposed (Table 1).

DDIs of Nonopioid Analgesics
The present review identified only four publications
demonstrating DDIs of nonopioid analgesics.15e18
Three publications reported DDIs from combined
use of a nonsteroidal anti-inflammatory drug and
methotrexate or cyclophosphamide. Three patients
using indomethacin experienced methotrexate
toxicity manifested as renal failure,16,17 and one patient had a possible DDI of indomethacin and
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Table 1
Overview of Included Publications
Lexicomp Drug Interaction
Checker Assessment
Author (Year) (Ref.), Study
Design

Drugs Coadministered

Clinical Presentation

Type
of DDI

Underlying Mechanism as
Proposed by the Authors

Risk
Rating

ND

ND

ND

Major

Good

D

Major

Good

D

ND

ND

ND

Major

Fair

D

Acetaminophen/levothyroxine/
sunitinib

Fatal liver failure

PD/PK

Maiche et al. (1986)16
Letter to the Editor

Indomethacin/methotrexate

Renal failure

PD/PK

Ellison and Servi (1984)17
Case report

Indomethacin/methotrexate
(Patients 1 and 2)

Fatal renal failure

PD/PK

Webberley and Murray (1989)18
Case report
Konishi et al. (2002)19
Case report
Brickell et al. (2003)20
Case report

Indomethacin/cyclophosphamide

Hyponatremia, water
intoxication
Phenytoin toxicity

PD
PK

Hepatotoxic effect of
coadministered drugs,
competition of acetaminophen
and thyroxine for metabolic
pathways (glucuronidation and
sulfation), decline in nutritional
status after sunitinib reinitiation
Inhibition of renal PG synthesis,
decrease of renal MTX
perfusion
Inhibition of renal PG synthesis,
decreased renal clearance of
MTX
Toxic effect, inhibition of PGs,
increased ADH activity
Inhibition of CYP2C9

Phenytoin toxicity

PK

Inhibition of CYP2C9

Major

Fair

D

Phenytoin toxicity

PK

Inhibition of CYP2C9

Major

Fair

D

Phenytoin/capecitabine

Phenytoin toxicity

PK

Inhibition of CYP2C9

Major

Fair

D

Phenytoin/capecitabine

Phenytoin toxicity

PK

Inhibition of CYP2C9

Major

Fair

D

Phenytoin/temozolomide

PK

Inhibition of CYP2C9

ND

ND

ND

Phenytoin/erlotinib

Delirium; phenytoin
toxicity
Phenytoin toxicity

PK

Major

Fair

D

Phenytoin/erlotinib

Phenytoin toxicity

PK

Major

Fair

X

Phenytoin/tamoxifen

Phenytoin toxicity

PK

Major

Good

D

Phenytoin, valproate sodium,
carbamazepine/cisplatin

Seizures

PK

ND

ND

ND

Phenytoin/carboplatin

Seizures

PK

Moderate

Fair

C

Phenytoin/vinblastine and
methotrexate
Phenytoin/folinic acid (tegafur/
uracil/calcium folinate therapy)

Seizures

PK

Major

Fair

D

Seizures

PK

Inhibition of CYP2C9, increase in
unbound phenytoin
Inhibition of metabolism or
excretion of phenytoin
Competition for the enzyme
system for metabolism
Impaired absorption of
carbamazepine and valproate
sodium, increased metabolism
or volume of distribution of
phenytoin
Displacement of phenytoin from
protein-binding sites and
increased clearance
Impairment of phenytoin
absorption
Increased phenytoin metabolism

Moderate

Fair

C

Kuruvilla and Mukherjee (2011)21
Letter to the Editor
Privitera and de los Rios la Rosa
(2011)22
Case report
Ciftci et al. (2015)23
Case report
Levy (2007)24
Letter to the Editor
Grenader et al. (2007)25
Case report
Ohgami et al. (2016)26
Case report
Rabinowicz et al. (1995)27
Case report
Neef and de Voogd-van der
Straaten (1988)28
Case report
Dofferhoff and Berendsen
(1990)29
Letter to the Editor
Bollini et al. (1983)30
Case report
Veldhorst-Janssen et al. (2004)31
Letter to the Editor

Phenytoin/doxifluridine (a
prodrug of 5FU)
Phenytoin/5FU/folinic acid
(Patient 1); phenytoin/
capecitabine (Patient 2)
Phenytoin/5FU

Vol. 57 No. 5 May 2019

Weise et al. (2009)15
Case report
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Reliability
Ratings

Severity

Phenytoin/dexamethasone,
cisplatin
Phenytoin/dexamethasone

Arbiser et al. (1993)35
Case report

PK

Increased phenytoin metabolism

Moderate

Fair

C

Decreased dexamethasone
efficacy
Decreased phenytoin and
dexamethasone efficacy

PK

Major

Fair

D

Major

Fair

D

Phenytoin/dexamethasone,
cimetidine

Thrombocytopenia

PD/PK

Major

Fair

D

Miranda et al. (2011)36
Retrospective study
Page et al. (1998)37
Case report
Oles et al. (1989)38
Case report
Hirschfeld and Jarosinski (1993)39
Letter to the Editor
Benıtez-Rosario and
 n (2006)40
G
omez-Onta~
no
Letter to the Editor
Upadhyay et al. (2008)41
Case report
Rang et al. (2008)42
Case report
Walter et al. (2012)43
Case report
Bergeron et al. (2005)44
Case report
Levin et al. (2008)45
Case report
Richards et al. (2003)46
Case report
Kirschner and Donovan (2010)47
Case report
Walker et al. (2003)48
Case report
Strouse et al. (2006)49
Letter to the Editor
Karnik and Maldonado (2005)50
Case report
Morita et al. (2004)51
Case report

Phenytoin/warfarin

Deep venous thrombosis

PK

Increased dexamethasone
metabolism
Increased metabolism of
phenytoin and dexamethasone,
displacement of phenytoin from
binding sites
Thrombocytopenic action of
cimetidine and phenytoin
intermediates, alteration of
phenytoin metabolism leading
to increased levels of phenytoin
epoxide
Increased warfarin metabolism

Major

Fair

D

Valproic acid/lamotrigine

Fatal toxic epidermal
necrolysis
Carbamazepine toxicity

PK

Inhibition of lamotrigine
glucuronidation
Inhibition of CYP450-mediated
metabolism
Displacement of carbamazepine
from protein binding
Disappearance of carbamazepine
inducer effect on CYP3A4

Major

Excellent

D

ND

ND

ND

ND

ND

ND

Moderate

Fair

C

Sedative effect, delayed morphine
metabolism
Hyperstimulation of serotonin
receptors
Hyperstimulation of serotonin
receptors
Hyperstimulation of serotonin
receptors
Inhibition of CYP2C19 and
CYP3A4
Inhibition of CYP3A4

Major

Fair

D

Major

Fair

C

Major

Fair

C

Major

Fair

D

Moderate

Fair

D

ND

ND

ND

Major

Fair

C

Moderate

Fair

C

Major

Fair

D

Major

Good

X

ND

ND

ND

Motta et al. (2015, 2016)52,53
Case report

Moderate

Fair

D

Phenytoin/dexamethasone

Carbamazepine/propoxyphene
Carbamazepine/terfenadine

PK

PK

Confusion, hallucinations,
nausea and ataxia
Coma and respiratory
depression

PK

PD/PK

Paroxetine/fentanyl

Coma and respiratory
depression
Serotonin syndrome

Citalopram/oxycodone

Serotonin syndrome

PD

Citalopram, trazodone/linezolid

Serotonin syndrome

PD

Citalopram/fluconazole

Serotonin syndrome

PK

Citalopram/irinotecan

Rhabdomyolysis

PK

Escitalopram/fentanyl

Serotonin syndrome

PD

Sertraline, midazolam, fentanyl/
methadone
Duloxetine/linezolid

Torsades de pointes

PK

Serotonin syndrome

PD

Nefazodone/simvastatin

Rhabdomyolysis

PK

Haloperidol/fentanyl

Neuroleptic malignant
syndrome

PD

Haloperidol/voriconazole

Hepatotoxicity

PK

Carbamazepine(discontinued)/
methadone
Amitriptyline/morphine

PK

PD

Hyperstimulation of serotonin
receptors
Interference with methadone
metabolism
Hyperstimulation of serotonin
receptors
Inhibition of CYP3A4
Antagonism at dopamine
receptors, modification of
dopamine metabolism
(fentanyl)
Inhibition of CYP3A4 (patient a
slow metabolizer of CYP2C19)
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Seizures
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Gattis and May (1996)32
Case report
McLelland and Jack (1978)33
Letter to the Editor
Recuenco et al. (1995)34
Letter to the Editor

PK
Loperamide/dabigatran

Omeprazole/warfarin

PK

PK

Coma and respiratory
depression
Upper digestive
hemorrhage
Gross hematuria
Sorkin and Ogawa (1983)56
Case report
Miranda et al. (2011)36
Retrospective study
St€
ollberger et al. (2012)57
Letter to the Editor

Cimetidine/methadone

PK
Coma and respiratory
depression

DDI ¼ drug-drug interaction; NSAIDs ¼ nonsteroidal anti-inflammatory drugs; 5FU ¼ 5-fluorouracil; MTX ¼ methotrexate; CNS ¼ central nervous system; GI ¼ gastrointestinal; PD ¼ pharmacodynamic; PK ¼ pharmacokinetic; CYP2C9, CYP2C19, CYP2D6, CYP3A4 ¼ cytochrome P450 isoenzymes 2C9, 2C19, 2D6, 3A4 (respectively); PGs ¼ prostaglandins; ADH ¼ antidiuretic hormone; Ref., reference; Risk ratings: B ¼ no action
needed, C ¼ monitor therapy, D ¼ consider therapy modification, X ¼ avoid combination; ND ¼ no data.

ND
ND
ND

C
Good
Moderate

B
Fair
Minor

C
Fair
Moderate

C
Good
PD

Dexamethasone/captopril

Miranda et al. (2011)36
Retrospective study
Miranda et al. (2011)36
Retrospective study
Gasche et al. (2004)55
Case report

Dexamethasone/acetylsalicylic
acid
Codeine/clarithromycin and
voriconazole

A gastric bleeding ulcer

Overlapping toxicities to GI
system
Inhibition of CYP3A4 (patient
an ultrarapid metabolizer of
CYP2D6)
Inhibition of methadone
metabolism
Inhibition of hepatic
metabolism of warfarin
Increased enteral absorption
of dabigatran

Moderate

ND
ND
Sodium retention
PD

ND

X
Fair
Inhibition of CYP3A4
PK

Altered mental status
(lethargic), respiratory
failure
Arterial hypertension
Diazepam/idelalisib
Bossaer and Chakraborty (2017)54
Case report

Type
of DDI
Clinical Presentation
Drugs Coadministered
Author (Year) (Ref.), Study
Design

Table 1
Continued

Major

Risk
Rating
Severity

Reliability
Ratings

Kotlinska-Lemieszek et al.

Underlying Mechanism as
Proposed by the Authors

Lexicomp Drug Interaction
Checker Assessment
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cyclophosphamide that resulted in water intoxication
and severe hyponatremia.18 One case report presented a patient with fatal liver toxicity that resulted
from concurrent use of acetaminophen, levothyroxine, and sunitinib.15

DDIs of Antiepileptics
Twenty-two publications in the present review concerned antiepileptic drugs.19e40 Eighteen of them
referred to phenytoin and five to other antiepileptic
drugs: carbamazepine, valproic acid, and lamotrigine
(Table 1). Nine studies reported phenytoin toxicity
associated with elevation of its serum concentration
above therapeutic range, which manifested as drowsiness, weakness, and unsteady gait/ataxia among other
symptoms.19e27 One case reported thrombocytopenia
proposed to be secondary to an interaction involving
phenytoin, dexamethasone, and cimetidine.35
In contrast, six cases reported seizures associated
with subtherapeutic serum levels of phenytoin.28e32,34
Three publications presented patients with brain tumors in whom the coadministration of phenytoin
and dexamethasone produced diminished efficacy of
the treatment, resulting in worsening of the patients’
neurologic condition.32e34 One case report referred
to a patient in whom coadministration of warfarin
and phenytoin resulted in anticoagulation failure.36
The remaining reports on DDIs associated with the
use of antiepileptics were publications reporting single cases of fatal toxic epidermal necrolysis caused
by combined use of lamotrigine and valproate sodium,
carbamazepine toxicity secondary to concurrent use
with propoxyphene or terfenadine, and methadoneinduced respiratory depression after carbamazepine
discontinuation.37e40

DDIs of Antidepressants
Ten publications in the present review reported
DDIs of antidepressant medications: citalopram/escitalopram (five studies), sertraline, paroxetine, duloxetine, amitriptyline, trazodone, and nefazodone (one
study each).41e50 Six of these studies reported DDIs
resulting in serotonin toxicity in patients with the antidepressant coadministered with medications modifying serotonergic activity in the central nervous
system (opioids, linezolid) or inhibiting the metabolism of citalopram (fluconazole).42e45,47,49 Two
publications presented DDIs of antidepressant drugs
manifested as rhabdomyolysis.46,50 One of these cases
was believed to be a consequence of coadministration
of the selective serotonin reuptake inhibitor citalopram and irinotecan, two drugs competing for
CYP3A4-mediated metabolism. Another case report
presented rhabdomyolysis as a consequence of inhibition of simvastatin metabolism secondary to nefazodone, a strong CYP3A4 inhibitor. One publication
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reported a DDI manifested as opioid overdose in a patient in whom amitriptyline was coadministered with
morphine.41 Sertraline combined with midazolam
and fentanyl, three substrates of CYP3A4, were also
associated with a DDI involving methadone, which
led to torsades de pointes.48

DDIs of Antipsychotics
Only two cases of DDIs involving haloperidol were
identified in the present review.51,52 One of these publications reported a case of neuroleptic malignant syndrome in a patient who was given haloperidol and
fentanyl.51 Another report presented a possible pharmacokinetic DDI of voriconazole (metabolized in
the liver through isoenzyme CYP2C19 of CYP450 and
to a lesser extent by CYP2C9 and CYP3A4) and haloperidol (a weak CYP3A4 inhibitor) that resulted in
hepatotoxicity in a slow metabolizer of CYP2C19.52

DDIs of Corticosteroids
Five of the included publications referred to dexamethasone use.32e36 Four cases related to the concurrent use of the corticosteroid and phenytoin are
described previously. Two other cases presented pharmacodynamic DDIs of dexamethasone and captopril and
acetylsalicylic acid, respectively, which resulted in arterial
hypertension and bleeding from gastric ulceration.36

DDIs of Other Medications Used for Symptomatic
Treatment
We identified seven publications that reported DDIs of
other drugs used for symptomatic treatment, including
an opioid overdose caused by codeine used for cough
concurrently with clarithromycin and voriconazole,55
opioid overdose caused by concurrent use of methadone
and cimetidine,56 altered mental status and respiratory
failure caused by coadministration of diazepam and idelalisib,54 and two cases of bleeding reported to be secondary to the combined administration of drugs used for
symptom control and anticoagulants (omeprazole and
warfarin, and loperamide and dabigatran).36,57 Two
cases of DDIs with the possible contribution of cimetidine and midazolam are mentioned previously.35,48

Quality of Evidence
The included studies have several limitations. Only
case reports, letters to the Editor, and one retrospective study were identified (Table 1). Most of the reports included in this review provided poor level of
evidence as judged by Lexicomp Drug Interaction
Checker14 (28 DDIs [62.2%] were assessed as having
a fair level of evidence, six DDIs (13.3%) good level
of evidence, and only one (2.2%) excellent evidence).
Ten of the DDIs identified (22.2%) were not included
in the DDIs database (Table 1).
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Discussion
Drugs used for symptom control represent multiple classes of medications with variable and complex
mechanisms of action and pharmacokinetics. Most of
these drugs have potential for serious adverse effects
and are known to interact with other medications. Patients with advanced malignant disease are prone to
polypharmacy, frequent changes of coadministered
drugs and doses, high incidence of organ failure,
and numerous symptoms caused by the cancer. All
these factors increase the risk for adverse effects
due to DDIs. Still, this systematic review showed a
limited number of reports of clinically significant
DDIs in this patient population. Also, we were not
able to find any systematic studies on the risk for
such DDIs.
The most frequent drug classes involved were antiepileptics and antidepressants, and the most frequent
DDI-related adverse effects were sedation, respiratory
depression, serotonin syndrome and other neurologic
complications/symptoms, and organ failure. As expected, some DDIs were related to pharmacokinetic
interactions and some to pharmacodynamic synergism
or antagonism. Owing to the lack of systematically obtained information, the literature can only point toward involved drug classes, symptoms, and
mechanisms, while no quantification of the importance of each of these factors is possible.
The present review demonstrates that evidence for
DDIs of drugs used for symptom control in patients
with cancer (other than opioids used for pain treatment) is very limited. This result is consistent with
our previously published review on DDIs of opioids
used for pain treatment in patients with cancer.13
Seven of the publications included in the present review of drugs used for symptom control were also
part of the opioid DDI review because they concern interactions between opioids used for pain and another
drugs used for symptom control. The unexpectedly
low number of clinically significant DDIs of medications used for symptom control is in contrast to the
huge number of potential DDIs specified in drug
interaction checkers indicated for use in populations
of patients with cancer and other palliative care
patients.7e12
The results of this review demonstrate that current
knowledge gives no insight into the actual risk for
DDIs in patients with advanced cancer. On the one
hand, there is certainly an under-reporting of such incidences, whereas on the other hand, symptoms in patients using two or more drugs may be caused by other
factors than a DDI, for example, the disease itself, and
erroneously be categorized as a DDI. The latter may be
true for some of the proposed DDIs in this review,
which seem to be less biologically plausible. Other
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study designs such as prospective observational studies
consecutively including patients who have a specific
new drug added to an established drug regimen or
including patients in whom one or more drugs are
terminated when a certain adverse symptom is
observed are needed; however, even in such studies,
it could be difficult to address if adverse effects be
related to combining Drug A and Drug B or stem
from the drugs’ effects, regardless of their coadministration. In fact, the ideal study would be to compare
three groupsdDrug A alone, Drug B alone, and
Drug A þ Bdto observe if there are any DDI effects.
Studies on DDIs would also have to take into consideration genetic determinants affecting the studied
interaction. Examples are variants causing poor and
ultrarapid CYP2C19 and CYP2D6 metabolizers, reported to predispose to the DDIs in two of the studies
included in the present review.52,55 Pharmacogenomics will become increasingly important as more factors
are mapped and studied.58
Although the exact incidence of clinically significant DDIs is not established, clinicians have no doubt
about the existence of DDIs as a clinically important
entity. For lack of other information, clinicians must
use their general knowledge about effects of different
drug classes both to avoid and to suspect the presence
of a DDI. Examples are to avoid, if possible, two drugs
with serotonergic action and to carefully titrate a new
drug with sedative effects in patients using an opioid.
Moreover, an indisputable method to reduce the risk
for DDIs is to reduce the number of medications.
The literature shows that many patients with advanced
disease receive unnecessary and/or futile drug treatments that either are unlikely to benefit them or entail
a risk for adverse drug reactions that outweighs any
beneficial effects. Drugs in these categories should
be discontinued.3,6,9,59,60
In conclusion, this study demonstrates that drugs
used for symptom control in patients with advanced
cancer may cause serious DDIs with other drugs used
to relieve symptoms, drugs used for the treatment of
concomitant diseases, and anticancer medications;
however, the current evidence for risk of DDIs
involving drugs used to relieve symptoms is very
limited and gives no precise estimates of risk. Still,
physicians caring for patients with advanced cancer
should cautiously plan drug treatments, limit polypharmacy, avoid drug combinations that theoretically
have a high risk of DDIs, and closely monitor patients
for adverse drug reactions.

Vol. 57 No. 5 May 2019

References
1. Currow DC, Stevenson JP, Abernethy AP, Plummer J,
Shelby-James TM. Prescribing in palliative care as death approaches. J Am Geriatr Soc 2007;55:590e595.
2. Hui D, Li Z, Chisholm GB, Didwaniya N, Bruera E.
Changes in medication profile among patients with
advanced cancer admitted to an acute palliative care unit.
Support Care Cancer Off J Multinatl Assoc Support Care
Cancer 2015;23:427e432.
3. Kotlinska-Lemieszek A, Paulsen O, Kaasa S, Klepstad P.
Polypharmacy in patients with advanced cancer and pain: a
European cross-sectional study of 2282 patients. J Pain Symptom Manage 2014;48:1145e1159.
4. Hui D, Elsayem A, Li Z, De La Cruz M, Palmer JL,
Bruera E. Antineoplastic therapy use in patients with
advanced cancer admitted to an acute palliative care unit
at a comprehensive cancer center: a simultaneous care
model. Cancer 2010;116:2036e2043.
5. Gnjidic D, Hilmer SN, Blyth FM, et al. High-risk prescribing and incidence of frailty among older communitydwelling men. Clin Pharmacol Ther 2012;91:521e528.
6. LeBlanc TW, McNeil MJ, Kamal AH, Currow DC,
Abernethy AP. Polypharmacy in patients with advanced cancer and the role of medication discontinuation. Lancet Oncol 2015;16:e333ee341.
7. Riechelmann RP, Zimmermann C, Chin SN, et al. Potential drug interactions in cancer patients receiving supportive
care exclusively. J Pain Symptom Manage 2008;35:535e543.
8. Riechelmann RP, Moreira F, Smaletz O, Saad ED. Potential for drug interactions in hospitalized cancer patients.
Cancer Chemother Pharmacol 2005;56:286e290.
9. Riechelmann RP, Tannock IF, Wang L, Saad ED,
Taback NA, Krzyzanowska MK. Potential drug interactions
and duplicate prescriptions among cancer patients. J Natl
Cancer Inst 2007;99:592e600.
10. Riechelmann RP, Del Giglio A. Drug interactions in
oncology: how common are they? Ann Oncol Off J Eur
Soc Med Oncol 2009;20:1907e1912.
11. Gaertner J, Ruberg K, Schlesiger G, Frechen S, Voltz R.
Drug interactions in palliative careeit’s more than cytochrome P450. Palliat Med 2012;26:813e825.
12. Frechen S, Zoeller A, Ruberg K, Voltz R, Gaertner J.
Drug interactions in dying patients: a retrospective analysis
of hospice inpatients in Germany. Drug Saf 2012;35:
745e758.
13. Kotlinska-Lemieszek A, Klepstad P, Haugen DF. Clinically significant drug-drug interactions involving opioid analgesics used for pain treatment in patients with cancer: a
systematic review. Drug Des Devel Ther 2015;9:5255e5267.
14. Lexicomp Online j Clinical Drug Information
[Internet]. [cited 2018 Aug 30]. Available from: https://
www.wolterskluwercdi.com/lexicomp-online/.

Disclosures and Acknowledgments

15. Weise AM, Liu CY, Shields AF. Fatal liver failure in a patient on acetaminophen treated with sunitinib malate and
levothyroxine. Ann Pharmacother 2009;43:761e766.

The authors have no conflict of interest to declare.
The authors thank Ingrid Riphagen and Iwona Stebner for help with electronic database searches.

16. Maiche AG. Acute renal failure due to concomitant action of methotrexate and indomethacin. Lancet Lond
Engl 1986;1:1390.

Vol. 57 No. 5 May 2019

Drug Interactions of Medications Used for Symptom Control

17. Ellison NM, Servi RJ. Acute renal failure and death
following sequential intermediate-dose methotrexate and
5-FU: a possible adverse effect due to concomitant indomethacin administration. Cancer Treat Rep 1985;69:
342e343.
18. Webberley MJ, Murray JA. Life-threatening acute hyponatraemia induced by low dose cyclophosphamide and indomethacin. Postgrad Med J 1989;65:950e952.
19. Konishi H, Morita K, Minouchi T, Nakajima M,
Matsuda M, Yamaji A. Probable metabolic interaction of doxifluridine with phenytoin. Ann Pharmacother 2002;36:
831e834.
20. Brickell K, Porter D, Thompson P. Phenytoin toxicity
due to fluoropyrimidines (5FU/capecitabine): three case reports. Br J Cancer 2003;89:615e616.
21. Kuruvilla SM, Mukherjee SD. Phenytoin toxicity in a patient receiving 5-fluorouracil-based chemotherapy for metastatic colorectal cancer. Curr Oncol Tor Ont 2011;18:
264e265.
22. Privitera M, de Los Rı́os la Rosa F. Capecitabinephenytoin interaction is dose dependent with an unexpected time course. Anticancer Drugs 2011;22:1027e1029.
23. Ciftci R, Tas F, Karabulut S, Ciftci S. Combination of capecitabine and phenytoin may cause phenytoin intoxication:
a case report. Am J Ther 2015;22:e17ee19.
24. Levy M. Delirium likely caused by interaction between
phenytoin and temozolomide. Psychosomatics 2007;48:
359e360.
25. Grenader T, Gipps M, Shavit L, Gabizon A. Significant
drug interaction: phenytoin toxicity due to erlotinib. Lung
Cancer Amst Neth 2007;57:404e406.
26. Ohgami M, Kaburagi T, Kurosawa A, Homma M. Drug
interaction between erlotinib and phenytoin for brain metastases in a patient with nonsmall cell lung cancer. Lung
Cancer Amst Neth 2016;101:9e10.
27. Rabinowicz AL, Hinton DR, Dyck P, Couldwell WT.
High-dose tamoxifen in treatment of brain tumors: interaction with antiepileptic drugs. Epilepsia 1995;36:513e515.
28. Neef C, de Voogd-van der Straaten I. An interaction between cytostatic and anticonvulsant drugs. Clin Pharmacol
Ther 1988;43:372e375.
29. Dofferhoff AS, Berendsen HH, vd Naalt J, HaaxmaReiche H, Smit EF, Postmus PE. Decreased phenytoin level
after carboplatin treatment. Am J Med 1990;89:247e248.
30. Bollini P, Riva R, Albani F, et al. Decreased phenytoin
level during antineoplastic therapy: a case report. Epilepsia
1983;24:75e78.
31. Veldhorst-Janssen
NML,
Boersma
HH,
de
Krom MCTFM, van Rijswijk REN. Oral tegafur/folinic acid
chemotherapy decreases phenytoin efficacy. Br J Cancer
2004;90:745.
32. Gattis WA, May DB. Possible interaction involving
phenytoin, dexamethasone, and antineoplastic agents: a
case report and review. Ann Pharmacother 1996;30:
520e526.
33. McLelland J, Jack W. Phenytoin/dexamethasone interaction: a clinical problem. Lancet Lond Engl 1978;1:
1096e1097.

997

34. Recuenco I, Espinosa E, Garcı́a B, Carcas A. Effect of
dexamethasone on the decrease of serum phenytoin concentrations. Ann Pharmacother 1995;29:935.
35. Arbiser JL, Goldstein AM, Gordon D. Thrombocytopenia following administration of phenytoin, dexamethasone and cimetidine: a case report and a potential
mechanism. J Intern Med 1993;234:91e94.
36. Miranda V, Fede A, Nobuo M, et al. Adverse drug reactions and drug interactions as causes of hospital admission
in oncology. J Pain Symptom Manage 2011;42:342e353.
37. Page RL, O’Neil MG, Yarbrough DR, Conradi S. Fatal
toxic epidermal necrolysis related to lamotrigine administration. Pharmacotherapy 1998;18:392e398.
38. Oles KS, Mirza W, Penry JK. Catastrophic neurologic
signs due to drug interaction: Tegretol and Darvon. Surg
Neurol 1989;32:144e151.
39. Hirschfeld S, Jarosinski P. Drug interaction of terfenadine and carbamazepine. Ann Intern Med 1993;118:
907e908.
40. Benı́tez-Rosario MA, Salinas Martı́n A, G
omez n E, Feria M. Methadone-induced respiratory
Onta~
no
depression after discontinuing carbamazepine administration. J Pain Symptom Manage 2006;32:99e100.
41. Upadhyay S, Jain R, Chauhan H, Gupta D, Mishra S,
Bhatnagar S. Oral morphine overdose in a cancer patient
antagonized by prolonged naloxone infusion. Am J Hosp
Palliat Care 2008;25:401e405.
42. Rang ST, Field J, Irving C. Serotonin toxicity caused by
an interaction between fentanyl and paroxetine. Can J
Anaesth J Can Anesth 2008;55:521e525.
43. Walter C, Ball D, Duffy M, Mellor JD. An unusual case of
serotonin syndrome with oxycodone and citalopram. Case
Rep Oncol Med 2012;2012:261787.
44. Bergeron L, Boul
e M, Perreault S. Serotonin toxicity
associated with concomitant use of linezolid. Ann Pharmacother 2005;39:956e961.
45. Levin TT, Cortes-Ladino A, Weiss M, Palomba ML. Lifethreatening serotonin toxicity due to a citalopramfluconazole drug interaction: case reports and discussion.
Gen Hosp Psychiatry 2008;30:372e377.
46. Richards S, Umbreit JN, Fanucchi MP, Giblin J, Khuri F.
Selective serotonin reuptake inhibitor-induced rhabdomyolysis associated with irinotecan. South Med J 2003;96:
1031e1033.
47. Kirschner R, Donovan JW. Serotonin syndrome precipitated by fentanyl during procedural sedation. J Emerg Med
2010;38:477e480.
48. Walker PW, Klein D, Kasza L. High dose methadone and
ventricular arrhythmias: a report of three cases. Pain 2003;
103:321e324.
49. Strouse TB, Kerrihard TN, Forscher CA, Zakowski P. Serotonin syndrome precipitated by linezolid in a medically ill
patient on duloxetine. J Clin Psychopharmacol 2006;26:
681e683.
50. Karnik NS, Maldonado JR. Antidepressant and statin interactions: a review and case report of simvastatin and
nefazodone-induced rhabdomyolysis and transaminitis. Psychosomatics 2005;46:565e568.
51. Morita T, Shishido H, Tei Y, Inoue S, Nagayama K.
Neuroleptic malignant syndrome after haloperidol and

998

Kotlinska-Lemieszek et al.

Vol. 57 No. 5 May 2019

fentanyl infusion in a patient with cancer with severe mineral imbalance. J Palliat Med 2004;7:861e864.

56. Sorkin EM, Ogawa GS. Cimetidine potentiation of
narcotic action. Drug Intell Clin Pharm 1983;17:60e61.

52. Motta I, Calcagno A, Baietto L, D’Avolio A, De Rosa FG,
Bonora S. A probable drug-to-drug interaction between voriconazole and haloperidol in a CYP2C19 poor metabolizing
patient. [corrected]. Infez Med Riv Period Eziologia Epidemiol Diagn Clin E Ter Delle Patol Infett 2015;23:367e369.

57. St€
ollberger C, Rakusan S, Wimpissinger FT, Finsterer J.
Spontaneous gross haematuria during dabigatran therapy
for secondary stroke prevention. Thromb Haemost 2012;
108:579e581.

53. Motta I, Calcagno A, Baietto L, D’Avolio A, De Rosa FG,
Bonora S. Erratum: a probable drug-to-drug interaction between voriconazole and haloperidol in a slow metabolizer
of CYP2C19 patient. Infez Med Riv Period Eziologia Epidemiol Diagn Clin E Ter Delle Patol Infett 2016;24:89.
54. Bossaer JB, Chakraborty K. Drug interaction between
idelalisib and diazepam resulting in altered mental status
and respiratory failure. J Oncol Pharm Pract Off Publ Int
Soc Oncol Pharm Pract 2017;23:470e472.
55. Gasche Y, Daali Y, Fathi M, et al. Codeine intoxication
associated with ultrarapid CYP2D6 metabolism. N Engl J
Med 2004;351:2827e2831.

58. PharmGKB [Internet]. PharmGKB. [cited 2018 Nov 17].
Available from: https://www.pharmgkb.org/.
59. Lindsay J, Dooley M, Martin J, Fay M, Kearney A,
Barras M. Reducing potentially inappropriate medications
in palliative cancer patients: evidence to support deprescribing approaches. Support Care Cancer Off J Multinatl Assoc
Support Care Cancer 2014;22:1113e1119.
60. Riechelmann RP, Krzyzanowska MK, Zimmermann C.
Futile medication use in terminally ill cancer patients. Support Care Cancer Off J Multinatl Assoc Support Care Cancer
2009;17:745e748.

Vol. 57 No. 5 May 2019

Drug Interactions of Medications Used for Symptom Control

998.e1

Appendix
Supplementary Table 1
Search Strategy
Search Strategy in Embase for Drug-Drug Interactions (DDIs) Involving Drugs Used for Symptom
Control in Patients With Advanced Malignant Disease #1 and (#3 or (#2 and #4))
#1
#2
#3
#4

exp neoplasm and Human/not (Animal experiment/or Animal model/or Animal tissue/or exp Cell culture/or Cell line/or exp
Tumor cell line/or Exp In vitro study/or Nonhuman/or Tumor model/or Human cell/or exp Tumor cell/)
drug interaction/or drug antagonism/or drug competition/or drug inhibition/or drug potentiation/or polypharmacy/
D*/it**
D*

*D denotes drug, with separate searches for the following drugs or drug classes:
1. paracetamol/acetaminophen > Paracetamol/
2. nonsteroidal anti-inflammatory drugs/NSAIDs > exp Nonsteroidal antiinflammatory agent/
3. metamizole > dipyrone/
4. dextromethorphan/
5. opioids/narcotics >
6. narcotic antagonist > exp Narcotic antagonist/
7. antidepressants > exp Antidepressive agent/
8. selective serotonin reuptake inhibitor/SSRI > exp Serotonin uptake inhibitor/
9. antipsychotics > exp Neuroleptic agent/
10. phenothiazines > exp Phenothiazine derivative/
11. 5HT3 antagonists/serotonin receptor antagonists > exp Serotonin 3 antagonist/
12. metoclopramide/
13. cisapride
14. hyoscine/
15. H2-blockers > exp Histamine H2 receptor antagonist/
16. proton pump inhibitors > exp Proton pump inhibitor/
17. corticosteroids/steroids > exp Corticosteroid
18. megestrol acetate/
19. laxative > exp Laxative/
20. loperamide/
21. muscle relaxants > exp Muscle relaxing agent/
22. benzodiazepines > exp Benzodiazepine derivative/
23. antiepileptics/anticonvulsants > exp Anticonvulsive agent/
24. somatostatin/
** it ¼ emtree term linked to qualifier ‘‘drug interaction.’’

