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Drug interactions are common in cancer patients as they use many drugs concurrently. Most drug in-
teractions have been reported to be among supportive care medications. Antiemetics are one of the
commonly used drugs in these patients for the management of disease and therapy related nausea and
vomiting and they are sometimes used in combinations. The objective of this review is to determine and
compare potential drug interactions among these drugs using Micromedex and Lexicomp drug inter-
action checkers. There is an increase in the risk of extrapyramidal activities and neuroleptic malign
syndrome accompanying the concurrent use of olanzapine and metoclopramide and thus this combi-
nation should be avoided. Another important consequence of interactions is QT prolongation associated
with 5-HT3 receptor antagonists. Care must be taken especially in patients with risk factors. The NK1

receptor antagonist reduce the metabolism of dexamethasone and increase its exposure, therefore the
dose of dexamethasone when used as an antiemetic should be reduced when used in combination with
these agents. No dose adjustments are recommended when dexamethasone is used as an adjuvant in
chemotherapy regimen, but patients should be monitored for side effects. It should not be forgotten that
these interactions may also be present with other medications, all medications taken by cancer patients
should be adequately reviewed to reduce drug interaction related problems in these patients.

© 2018 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Drug interactions occur in different forms as: drug-drug, drug-
food and drug-disease interactions. Unsuitable drug combinations
may result to alterations in the effect or side effects of one or more
drugs. Drug combinations that have direct consequences on a pa-
tients outcomes are referred to as clinically significant in-
teractions.1 The outcome of interactions are frequently clinically
insignificant, sometimes beneficial or occasionally harmful.2 The
estimated rate of clinically significant drug interactions is between
3% and 20%.3

Patients treated for cancer are usually at risk of drug interactions
as they use multiple drugs concurrently.4 Most anti-cancer drugs
are metabolized via the CYP450 liver enzymes.4e6 As such they are
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ogy. Production and hosting by E
liable to most metabolic interactions. Metabolic interactions
involve mostly the cytochrome (CYP) 450 enzymes and these in-
teractions present as competition for a particular metabolic
enzyme or the induction or inhibition of an enzyme by a drug. In
the latter, a drug can induce or inhibit its own metabolism.3 In-
duction of metabolic enzymes develops andwears off in 2e3weeks
while inhibition lasts only a few days. These imply that metabolic
interactions may continue even after the related drug has been
stopped.2

Drug interactions can reinforce or intensify side-effects already
present with cancer pharmacotherapy.7 Detection and evaluation
of drug interactions in cancer patients is essential for the optimal
management of pharmacotherapy in these patients. A routine
systematic review of patient's medications is necessary to prevent
interactions.7,8 The high incidence of drug-drug interactions has
been reported in previous studies and most interactions involve
supportive caremedications.8e12 This may be due to the continuous
use of these medications in cancer patients. Supportive care med-
ications especially anti-emetics and opioid analgesics cannot be
avoided in cancer patients and they are mostly used in
combinations.

In patients receiving highly emetogenic chemotherapy, anti-
emetics are used in combinations as the effectiveness of single
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agents reduces as the emetogenic capacity of chemotherapy agents
increases. Antiemetics recommended for the prophylaxis and
treatment of chemotherapy induced nausea and vomiting in the
ASCO guidelines13 based on the chemotherapy and radiation risk
are given in Table 1.

2. Antiemetics

2.1. Dopamine receptor antagonists

2.1.1. Metoclopramide
Metoclopramide is a benzamide prokinetic antiemetic agent. It

causes central and peripheral dopamine D2 antagonism at low
doses, andweak 5-HT3 blockade at the higher doses used for emesis
caused by cytotoxic drug therapy.14 It is used for its prokinetic effect
in addition to its antiemetic effect in cancer patients. Some side
effects of metoclopramide are anxiety, depression, restlessness,
hyperprolactinemia and QT prolongation.15 Irreversible tardive
dyskinesia is associated to high doses and long-term use of meto-
clopramide. Metoclopramide has only moderate antiemetic effects
at low doses so higher doses are required for chemotherapy
induced emesis. Although it has been replaced with the 5-HT3 re-
ceptor antagonists due to their superior efficacy and safety, it is still
used as an add on agent for the prevention of cisplatin-induced
delayed emesis and with emesis failing first-line treatment.15 It is
commonly used as rescue therapy in patients receiving
radiotherapy.13

Clinically significant drug interactions related to metoclopra-
mide may necessitate dose or frequency adjustment, additional
monitoring, and/or selection of alternative therapy. Drug in-
teractions may increase the risk of some serious central nervous
system toxicity of metoclopramide like neuroleptic malign syn-
drome and tardive dyskinesia especially when metoclopramide is
used in combination with serotonin modulator drugs (e.g. trama-
dol). Metoclopramide may increase the QT prolongation effect of
QT prolonging agents (e.g. granisetron). It is advisable to avoid such
combinations, but in cancer patients were these combinations are
inevitable caution must be taken. Patients should be monitored for
any evidence of QT prolongation or other alterations of cardiac
rhythm (Micromedex drug reference, Access date: metoclopra-
mide: drug information Lexicomp, Access date: 15/02/2018).

The other two benzamides trimethobenzamide and domper-
idone are not used as antiemetics in chemotherapy receiving pa-
tients due to their weak antiemetic effects in these patients.14

2.2. Serotonin receptor antagonists

2.2.1. 5-Hydroxytryptamine (5-HT3) receptor antagonist
The 5-HT3 receptor antagonists with their high therapeutic in-

dex for prevention of chemotherapy related nausea are the anti-
emetics of choice in the prevention and treatment of acute
Table 1
Antiemetics used in cancer patients based on chemotherapy and radiotherapy risk
category.

Risk category Chemotherapy Radiotherapy

High � NK1 receptor antagonist
� 5-HT3 receptor antagonist
� Dexamethasone
� Olanzepine

� 5-HT3 receptor antagonist
� Dexamethasone

Medium � 5-HT3 receptor antagonist
� Dexamethasone

� 5-HT3 receptor antagonist
� Dexamethasone

Medium/Low � 5-HT3 receptor antagonist
� Dexamethasone

� 5-HT3 receptor antagonist
� Dexamethasone
� Metoclopramide
emesis associated with moderate to high emetogenic chemo-
therapy agents.14,15 Some studies also support their use in delayed
emesis prophylaxis, but this is not recommended in the ASCO
guideline.13 They are also used for the prevention and treatment of
cancer disease related nausea. The six serotonin antagonists
(ondansetron, granisetron, dolasetron, palonosetron, tromesetron
and ramosetron) recommended by ASCO are similar in terms of
efficacy or tolerability with palonosetron having a higher receptor
binding affinity and much longer half-life. Palonosetron has been
shown to be superior to first-generation 5-HT3 receptor antagonists
(ondansetron, granisetron, dolasetron) in the prevention of both
delayed and acute emesis,14,15 but this is not certain for antineo-
plastics with moderate emetic risk.13 Electrocardiogram (ECG) in-
terval changes are common with the first-generation 5-HT3
antagonists. Most of these changes appear in the early hours after
administration of a dose and are mostly small with no clinical
significance and return to baseline within 24 h. Yet, torsade de
pointes and other potentially fatal cardiac arrhythmias have been
linked to QT prolongation caused by these agents.14 The US Food
and Drug Administration recommends ECG monitoring in patients
taking concomitant medications that prolong the QT interval. Many
risk factors that may increase a patient's risk for TdP development
associated with the use of QT-prolonging drugs have been identi-
fied. Some factors include female sex, age (>65 years), hypokale-
mia, bradycardia, underlying heart disease, hypomagnesemia,
higher concentrations of one or more QT-prolonging medications
and genetic predisposition.17e20

2.2.2. Olanzapine
Olanzapine blocks dopamine D2 and serotonin 5-

hydroxytryptamine (5-HT2) receptors. It may be exceptionally
useful in preventing both nausea and vomiting in contrast to other
conventional antiemetics that successfully prevent emesis but not
nausea. The superiority of olanzapine inclusive antiemetic regi-
mens has been shown in different studies.13,15 Olanzapine was
shown to be superior to metoclopramide in another randomised
trial.21

Most data suggest that olanzapine is superior to metoclopra-
mide alone. Though the optimal dose of olanzapine is yet to be
definitively established, the use of lower doses (5mg versus 10mg)
may provide comparable efficacy with lesser risk of side effects.22

Olanzapine is a substrate of the metabolic enzymes CYP1A2 and
CYP2D6, as such it is subjectable to drug interactions.

2.3. Neurokinin-1 (NK1) receptor antagonists

The emetogenic effects of substance P which is a mammalian
neuropeptide found in neurons that innervate the brainstem areas
intimately involved in the induction of vomiting are mediated
through the neurokinin-1 (NK1) receptor, a member of the G pro-
tein receptor superfamily.14 NK1 receptor antagonists include the
oral agent aprepitant and its parenteral version fosaprepitant,
netupitant (which is available in a fixed-dose combination with
palonosetron [NEPA]), and rolapitant. Although they are more
efficient than first-generation 5-HT3 receptor antagonists in pre-
venting both delayed and acute emesis caused by highly emeto-
genic antineoplastic drugs (cisplatin), these agents appear to work
best when used in conjunctionwith serotonin receptor antagonists
and dexamethasone.14

All agents except rolapitant are moderate inhibitors of the
CYP3A4 metabolic pathway, and dose reduction may be needed for
drugs that are primarily metabolized through CYP3A4 when used
concurrently. The doses of glucocorticoids when used as anti-
emetics may routinely be reduced when administered with these
NK1 receptor antagonists. Aprepitant has a theoretical effect of



Table 2
Drug-drug interaction among antiemetics recorded from Micromedex and Lexicomp.
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reducing the elimination of drugs metabolized by CYP3A4 (cyclo-
phosphamide, etoposide, docetaxel, vinca alkaloids, irinotecan) but
this effect is yet to be clinically confirmed.14,15 Rolapitant on the
other hand inhibits CYP2D6. Anaphylaxis, anaphylactic shock, and
other serious hypersensitivity reactions have been reported in pa-
tients that received intravenous rolapitant emulsion as a result of
drug interactions.14
2.4. Glucocorticoids

Glucocorticoids are used in cancer patients for their different
effects including antiemetic effect. They are effective and well-
tolerated antiemetics for chemotherapy-induced emesis. They are
used as single agents with mildly emetogenic chemotherapy, in
combination with 5-HT3 receptor antagonist with moderately
emetogenic chemotherapy and in a triple combinationwith a 5-HT3
receptor antagonist and an NK1 receptor antagonist with highly
emetogenic chemotherapy and in patients receiving a combination
of an anthracycline and cyclophosphamide. Glucocorticoids are
effective with both cisplatin and non-cisplatin-based chemo-
therapy for delayed emesis prophylaxis. Dexamethasone is the
most extensively evaluated and used steroid.14
3. Method

Potential drug-drug interactions were checked using the
Micromedex online drug interaction checker (Access date: 17/02/
2018) and the Lexicomp drug interactions checker (Access date: 15/
02/2018). Drug-drug interactions are classified based on their
severity. Micromedex classifies them as contraindicated, major,
moderate and minor. The Lexicomp classification is similar but
Table 3
Summary of drug interactions from Micromedex.

Drug combinations Severity of interactions Documentat

Olanzapine e Metoclopramide Contraindicated Fair
Olanzapine e ondansetron Major Fair
Ondansetron e granisetron Major Fair
Netupitant e ondansetron Major Fair
Dexamethasone e Aprepitant and Fosaprepitant
Dexamethasone e Neputant

Moderate Excellent
Good
groups the interactions based on the recommendations as X-avoid
combination, D-consider therapy modification, C- monitor therapy,
B-no action needed and A-no known interaction.
4. Results

The Micromedex drug interaction tool revealed one contrain-
dication, three major and three moderate interactions while Lex-
icomp drug interaction tool revealed two X, four D, ten C and two B
recommendations. The distribution of interactions is given in
Table 2. The summary of interactions from Micromedex is given in
Table 3. No interactions were recorded for tropisetron and ramo-
setron as these drugs were not available on Micromedex. The
summary of interactions from Lexicomp is given in Table 4.
5. Discussion

The drug interactions among antiemetics were similar in both
tools although the Lexicomp drug interaction checker revealed
more interactions than the Micromedex drug interaction checker.
The concomitant use of metoclopramide and antipsychotics like
olanzapine was rated as a high-risk interaction and concomitant
use should be avoided as suggested in the metoclopramide product
information.23 The combination of these drugs is associated with
the development of extrapyramidal activities and neuroleptic
malign syndrome. These side effects of metoclopramide are exac-
erbated with the use of drugs that affect the central dopaminergic
activity directly or indirectly. In cases where use is unavoidable
patients should be monitored adequately.16,23e25

The dose of dexamethasone when used for its antiemetic effect
should be reduced when used with NK1 receptor antagonists. NK1
ion Onset Summary

Not specified Increased extrapyramidal reactions and NMS risk
Not specified Increased QT prolongation risk
Not specified Increased QT prolongation risk
Rapid Increased ondansetron exposure as netupitant inhibits CYP3A4
Rapid Increased dexamethasone exposure



Table 4
Summary of drug interactions from Lexicomp.

Drug Combinations Severity/risk rating Reliability
Rating

Summary

Olanzapine e Metoclopramide Major/Avoid combination Fair Increased risk of extrapyramidal reactions and NMS
Aprepitant e Netupitant Major/Avoid combination Fair Decrease in aprepitant clearance by CYP3A4 Inhibition
Dexamethasone e Aprepitant and Fosaprepitant
Dexamethasone e Neputant

Major/Consider therapy
modification

Fair
Good

Increase in serum concentrations of dexamethasone

Granisetron e Ondansetron Major/Consider therapy
modification

Fair Increased QT prolongation risk

Olanzapine eOndansetron and Granisetron
Olanzapine e Tropisetron

Moderate/Monitor therapy
No action

Fair Increased QT prolongation risk

Olanzapine e Ramosetron Moderate/Monitor therapy Fair Increase in constipation risk of ramosetron by Anticholinergic
activity

NK1 Receptor Antagonists Moderate/Monitor therapy Excellent All are CYP3A4 substrates, they may increase the serum
concentration of each other.

Metoclopramide - 5-HT3 Receptor Antagonists Except
Palonosetron and Ramosetron

Moderate/Monitor therapy Fair Increased QT prolongation risk

Granisetron e Tropisetron Moderate/Monitor therapy Fair Increased risk of QT interval prolongation
Ondansetron e Tropisetron Moderate/Monitor therapy Fair Increased risk of QT interval prolongation
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receptor antagonists as CYP3A4 moderate inhibitors reduce the
metabolism of dexamethasone and increase its serum concen-
trations.26e30 This increase is sustained for up-to 8 days after a
single dose of netupitant.26 But dose reduction is not suggested
when dexamethasone is used as part of a chemotherapy regimen.

The outcome of interactions between 5HT receptor antagonists
adds up to their risk of prolonging QT interval. Ondansetron and
granisetron have a moderate risk, tropisetron has an intermediate
risk while palonosetron and ramosetron show no risk. Metoclo-
pramide and olanzapine have an intermediate risk for prolonging
QT interval and there is possibility of additional effects on the QT
interval when used in combination with drugs with moderate
risk.31 Olanzapine may also add up to the constipation side effect of
ramosetron. This interaction is anticipated based on the indepen-
dent constipating effects of ramosetron and anticholinergic agents.
As a substrate of CYP3A4 the serum concentration of ondansetron
may be increased by netupitant (a moderate inhibitor of CYP3A4). If
a CYP3A4 substrate must be administered within 1 week of netu-
pitant, consider reducing the dose of the CYP3A4 substrate.26

The use of multiple drugs from the same group is not recom-
mended but it may be necessary to give additional anti emetics for
breakthrough emesis or as a premedication prior to a chemo-
therapy administration in patients previously on antiemetics. In
such cases, care must be taken as these agents may interact leading
to exacerbations in side effects. Granisetron and ondansetron have
a moderate risk of prolonging QT interval. Due to the potential for
additive effects on the QT interval, ECG monitoring is recom-
mended if concomitant therapy is required.31e33 Other 5 N receptor
antagonist except palonosetron have intermediate QT prolonging
risk, so there may be risk when they are combined with those with
moderate risk. Palonosetron may be safer choice when necessary.
Netupitant should also not be administeredwith aprepitant as both
are moderate inhibitors of CYP3A4 enzyme. This interaction may
also be applicable to other drugs that inhibit this enzyme.34
6. Conclusion

Antiemetics are commonly used medications in cancer patients
among. Even though it is necessary to use them concurrently, care
must be taken especially in patients liable to their side effects. Drug
interactions may be present between antiemetics and other drugs
like pain relievers, antipsychotics and chemotherapy agents used in
these patients. Patients' medications must be frequently reviewed
in terms of interactions and monitoring must be employed in pa-
tients when serious interactions are inevitable.
Conflicts of interest

None.
References

1. Thanacoody H. Drug interactions. In: Walker R, Whittlesea C, eds. Clinical
Pharmacy and Therapeutics. fifth ed. Elsevier Ltd; 2012:50e61.

2. Wiffen P, Mitchell M, Snelling M, Stoner N. Oxford Handbook of Clinical Phar-
macy. 2012.

3. Karalliedde L, Clarke SF, Collignon U, Karalliedde J. Adverse Drug Interactions: a
Handbook for Prescribers. vol. 71. 2011.

4. Conde-Est�evez D. Targeted cancer therapy: interactions with other medicines.
Clin Transl Oncol. 2017;19:21e30.

5. O'Brien SG, Meinhardt P, Bond E, et al. Effects of imatinib mesylate (STI571,
Glivec) on the pharmacokinetics of simvastatin, a cytochrome P450 3A4 sub-
strate, in patients with chronic myeloid leukaemia. Br J Canc. 2003;89:
1855e1859.

6. Looning P, Pfister C, Martoni ACZ, CZ. Pharmacokinetics of third generation
aromatase inhibitors. Semin Oncol. 2003;30:23e32.

7. Wf Van Leeuwen R, Swart EL, Boom FA, Schuitenmaker MS, Hugtenburg JG.
Potential drug interactions and duplicate prescriptions among ambulatory
cancer patients: a prevalence study using an advanced screening method. BMC
Canc. 2010;10:679.

8. Lopez-Martin C, Garrido Siles M, Alcaide-Garcia J, Faus Felipe V. Role of clinical
pharmacists to prevent drug interactions in cancer outpatients: a single-centre
experience. Int J Clin Pharm. 2014;36:1251e1259.

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. Popa MA, Wallace KJ, Brunello A, Extermann M, Balducci L. Potential Drug
Interactions and Chemotoxicity in older patients with cancer receiving
chemotherapy. J Geriatr Oncol. 2014;5:307e314.

11. Hadjibabaie M, Badri S, Ataei S, Moslehi AH, Karimzadeh I, Ghavamzadeh A.
Potential drug-drug interactions at a referral hematology-oncology ward in
Iran: a cross-sectional study. Canc Chemother Pharmacol. 2013;71:1619e1627.

12. Kannan G, Anitha R, Rani V, et al. A study of drug-drug interactions in cancer
patients of a south Indian tertiary care teaching hospital. J Postgrad Med.
2011;57:206e210.

13. Hesketh PJ, Kris MG, Basch E, et al. Antiemetics: American society of clinical
oncology clinical practice guideline update. J Clin Oncol. 2017;35:3240e3261.

14. Longstreth G, Hesketh PJ. Characteristics of Antiemetic Drugs. UpToDate. 2017:
1e12.

15. Hesketh P. Prevention and treatment of chemotherapy-induced nausea and
vomiting in adults. UpToDate https://www.uptodate.com/contents/
prevention-and-treatment-of-chemotherapy-induced-nausea-and-vomiting-
in-adults; 2018.

16. Rao AS, Camilleri M. Review article: metoclopramide and tardive dyskinesia.
Aliment Pharmacol Ther. 2010;31:11.

17. Drew BJ, Ackerman MJ, Funk M, et al. Prevention of Torsade de Pointes in
Hospital Settings: a Scientific Statement from the American Heart Association
and the American College of Cardiology Foundation. J Am Coll Cardiol. 2010;55:
934e947 [PubMed 20185054].

18. U.S. Department of Health and Human Services, Food and Drug Administration,
Center for Drug Evaluation and Research (CDER), Center for Biologics Evalua-
tion and Research (CBER). Guidance for Industry: E14 Clinical Evaluation of QT/
QTc Interval Prolongation and Proarrhythmic Potential for Non-antiarrhythmic

http://refhub.elsevier.com/S2452-3364(18)30014-1/sref1
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref1
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref1
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref2
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref2
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref3
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref3
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref4
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref4
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref4
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref4
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref5
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref5
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref5
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref5
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref5
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref6
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref6
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref6
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref7
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref7
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref7
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref7
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref8
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref8
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref8
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref8
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref9
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref9
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref9
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref9
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref10
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref10
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref10
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref10
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref11
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref11
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref11
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref11
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref12
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref12
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref12
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref12
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref13
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref13
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref13
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref14
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref14
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref14
https://www.uptodate.com/contents/prevention-and-treatment-of-chemotherapy-induced-nausea-and-vomiting-in-adults
https://www.uptodate.com/contents/prevention-and-treatment-of-chemotherapy-induced-nausea-and-vomiting-in-adults
https://www.uptodate.com/contents/prevention-and-treatment-of-chemotherapy-induced-nausea-and-vomiting-in-adults
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref16
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref16
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref17
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref17
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref17
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref17
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref17
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref18
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref18
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref18
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref18


R.M. Umar / Journal of Oncological Sciences 4 (2018) 142e146146
Drugs. October 2005.
19. Kannankeril P, Roden DM, Darbar D. Drug-induced long QT syndrome. Phar-

macol Rev. 2010;62:760e781 [PubMed 21079043].
20. Ponte ML, Keller GA, Di Girolamo G. Mechanisms of drug induced QT interval

prolongation. Curr Drug Saf. 2010;5:44e53 [PubMed 20210718].
21. Navari RM, Nagy CK, Gray SE. The use of olanzapine versus metoclopramide for

the treatment of breakthrough chemotherapy-induced nausea and vomiting in
patients receiving highly emetogenic chemotherapy. Support Care Canc.
2013;21:1655.

22. Hashimoto H, et al. A double-blind randomized phase II study of 10 versus 5
mg olanzapine for emesis induced by highly emetogenic chemotherapy with
cisplatin (abstract). J Clin Oncol. 2016;34 (suppl; abstr 10111).

23. Prescribing information. Metozolv (Metoclopramide HCl). Morrisville, North
Carolina: Salix Pharmaceuticals; September 2009.

24. Gerfen CR. Molecular effects of dopamine on striatal-projection pathways.
Trends Neurosci. 2000;23:S64eS70 [PubMed 11052222].

25. Stevens DL. Association between selective serotonin-reuptake inhibitors, sec-
ond- generation antipsychotics, and neuroleptic malignant syndrome. Ann
Pharmacother. 2008;42:1290e1297 [PubMed 18628446].

26. Product Information: AKYNZEO(TM) Oral Capsules, Netupitant Palonosetron Oral
Capsules. Woodcliff Lake, NJ: Eisai Inc (per DailyMed); Dec, 2016.
27. Product Information: CINVANTI(TM) Intravenous Injection Emulsion, Aprepitant
Intravenous Injection Emulsion. San Diego, CA: Heron Therapeutics Inc (per
manufacturer); Nov, 2017.

28. Product Information: EMEND Oral Capsules, Oral Suspension, Aprepitant Oral
Capsules, Oral Suspension. Whitehouse Station, NJ: Merck Sharp & Dohme Corp.
(per FDA); May, 2017.

29. Product Information: EMEND(R) IV Injection, Fosaprepitant Dimeglumine IV In-
jection. Whitehouse Station, NJ: Merck & Co, Inc; Jan 1, 2008.

30. Lanzarotti C, Rossi G. Effect of netupitant, a highly selective NK1 receptor
antagonist, on the pharmacokinetics of midazolam, erythromycin, and dexa-
methasone. Support Care Canc. 2013;21:2783e2791 [PubMed 23729226].

31. Product Information: ZUPLENZ(R) Oral Soluble Film, Ondansetron Oral Soluble
Film. Morrisville, NC: Praelia Pharmaceuticals, Inc. (per FDA); Oct, 2013.

32. Product Information: KYTRIL(R) IV Injection, Granisetron HCl IV Injection. South
San Francisco, CA: Genentech USA, Inc; Apr, 2011.

33. Product Information: ZOFRAN ODT(R) oral disintegrating tablets, ondansetron oral
disintegrating tablets. Research Triangle Park, NC: GlaxoSmithKline (per FDA);
Sep, 2011.

34. Emend (aprepitant) [prescribing information]. Whitehouse Station, NJ: Merck &
Co Inc; August 2015.

http://refhub.elsevier.com/S2452-3364(18)30014-1/sref18
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref19
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref19
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref19
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref20
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref20
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref20
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref21
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref21
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref21
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref21
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref22
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref22
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref22
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref23
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref23
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref24
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref24
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref24
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref25
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref25
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref25
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref25
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref26
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref26
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref27
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref27
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref27
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref28
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref28
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref28
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref28
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref29
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref29
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref29
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref30
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref30
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref30
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref30
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref30
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref31
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref31
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref32
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref32
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref33
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref33
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref33
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref34
http://refhub.elsevier.com/S2452-3364(18)30014-1/sref34

	Drug-drug interactions between antiemetics used in cancer patients
	1. Introduction
	2. Antiemetics
	2.1. Dopamine receptor antagonists
	2.1.1. Metoclopramide

	2.2. Serotonin receptor antagonists
	2.2.1. 5-Hydroxytryptamine (5-HT3) receptor antagonist
	2.2.2. Olanzapine

	2.3. Neurokinin-1 (NK1) receptor antagonists
	2.4. Glucocorticoids

	3. Method
	4. Results
	5. Discussion
	6. Conclusion
	Conflicts of interest
	References


