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Abstract: Poly ADP-ribose polymerase inhibitors (PARPi), which have been approved in recent
years, are recommended by both National Comprehensive Cancer Network (NCCN) and Chinese
Society of Clinical Oncology (CSCO) guidelines for the treatment of various cancers, including
ovarian cancer, breast cancer, pancreatic cancer, prostate cancer, among others. Most PARPi are
metabolized by cytochrome P450 enzyme system, leading to extensive interactions with other drugs
commonly used in cancer patients. In this paper, a consensus expert group comprised of pharmacists,
clinicians and methodological experts was established, and consensus opinions were formed based
on clinical issue identification, data retrieval and evaluation and Delphi technique. Finally, the
guiding expert opinions of PARPi drug-drug interactions (DDIs) management were formed to
provide practical reference for health-care practitioners.
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Poly ADP-ribose polymerase inhibitors (PARPi) represent a novel class of anti-cancer targeted
therapy. Since the first PARPi (olaparib) approved in China in 2018, four PARPi (olaparib, niraparib,
fuzuloparib/fluzoparib and pamiparib) are currently available for Chinese patients with ovarian
cancer, fallopian tube carcinoma (FTC), primary peritoneal carcinoma (PPC), and other types of
tumor with positive breast cancer susceptibility gene (BRCA) mutations or homologous
recombination repair (HRR) deficiency. Most PARPi (olaparib, fuzuloparib/fluzoparib and
pamiparib), metabolized through the hepatic microsomal enzyme system, interact extensively with
other drugs, which are often ignored in clinical practices, resulting in higher incidence of adverse
reactions or compromised efficacy. This consensus summarizes drug-drug interactions (DDIs) data
of PARPI listed in China, and provides reference for healthcare practitioners in the management of
PARPi DDI. (registration number: PREPARE-2022CN596; registration platform: www.guidelines-

registry.cn).

I. Statement of Consensus-making

This consensus focuses on DDIs between PARPi approved in China (olaparib, niraparib,
fuzuloparib/fluzoparib and pamiparib) and drugs commonly used in cancer patients (analgesics,
antiemetics, sedative hypnotics, anticoagulants and antimicrobials). The current document was
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formulated based on the following steps: (1) Identify clinical issues, and clarify the existing DDIs
between PARPi and target drugs; (2) Retrieve, process and evaluate data on DDIs; (3) Reach a
consensus via Delphi technique based on the evaluated data.

1. Expert Group

The consensus expert group consists of 50 experts from various disciplines, including 33
pharmacists, 16 clinicians and 1 methodological expert. The data group composed of 4 graduate
students was responsible for the collection and processing of research data.

2. Conflicts of Interest

All members in the consensus expert group were required to declare their conflicts of interest related
to this project. After verification by the project steering committee, all members possess no conflicts
of interest, and were allowed to participate in the entire research.

3. Collection of Evidence

Evidence supported the consensus including drug labels, research papers and DDI databases,
including Medscape (https://reference.medscape.com/), Ddinter (http://ddinter.scbdd.com/) and
Drug Bank (https://go.drugbank.com/). A total of 42 interactions from drug labels, 9 from literature
and 1,947 from drug databases were obtained, and relevant data of target drugs was included. In
instances where data were absent in drug labels, literature or databases,, the deduction of interaction
existence was  performed  through mechanism analyses based on the
pharmacokinetic/pharmacodynamic characteristics of drugs and their impact on metabolic enzymes
and transporters.

According to the Guiding Principles of Drug-Drug Interactions Research issued by China State
Food and Drug Administration in 2012, the New Draft of Guiding Principles of Drug-Drug
Interactions Test issued by US Food and Drug Administration in 2006, and Drug-Drug Interactions:
the Effect of Study Design and Data Analysis on Dosage and Instructions issued by the International
Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH) in 2006, before the approve of new drugs, it is necessary to carry out in vivo
research according to their impact on metabolic enzymes and transporters in vitro, and it is only
necessary to select representative drugs such as the most potent inhibitor/inducer, and the most
sensitive or specific substrate recommended. Therefore, literature and product instructions usually
merely contain interactions of commonly used and representative drugs. Even though databases
contain more information of DDI, they are not all-inclusive. Thus, it is necessary to fully understand
DDI through mechanism analyses and deduction.

4. Consensus-making

The consensus was reached by the members of the expert group through public discussion of
existing evidence (accepted by 80% or more). In case of disagreement, the recommendation was
modified and voted again via Delphi technique. Literature data was all obtained from
unconventional clinical research, which could not be evaluated according to the mainstream
evidence quality evaluation system. Therefore, all members of the expert group divided the evidence
into three categories (see Table 1).

Table 1 Categories of Consensus Evidence

Level of .
Category Evidence Source of Evidence
I High Interactions included in drug labels
II Medium Interactions included in databases or research papers
11 Low Interactions deducted from mechanism

5. Users and Target Population of Application
This consensus is applicable to healthcare practitioners in medical institutions at all levels, including
clinicians, clinical pharmacists and other professional and technical personnel in oncology and



related departments. The target population of application is cancer patients treated with PARPI.

6. Promotion, Implementation and Updates of Consensus

After the release of this consensus, the consensus expert group will promote it through academic
journals, conferences and social media. This consensus is to be updated according to the list of new
drugs, the release of latest research data and clinical needs of PARP1, and the update frequency will
depend on the actual situation.

I1. DDI Mechanisms of PARPi

Drug-drug interactions mechanisms of PARPi are as follows: (1) The combination with other
drugs/food affects the metabolism/excretion enzymes of PARPi, leading to changed concentrations
of PARPi in the body; (2) PARPi affect metabolism/excretion enzymes of other drugs, causing
concentrations changes of other drug; (3) Adverse reactions increase with such combinations.
Metabolic enzymes of PARPi and their effects on related enzymes are shown in Table 2.

Table 2 Metabolic Enzymes of PARPi and Their Effects on Related Enzymes

Medicine Metabolic Substrates Effects on Related Enzymesl!-3]
Enzymes
Olaparib CYP3A4/5 P-gp CYP3A inhibitor and inducer,;
substrate CYP2B6 inducer; UGTI1AL,
BCRP, OATP1B1, OCT1, OCT2,
OAT3, MATEl and MATE2K
inhibitors; P-gp inhibitor
Niraparib CarE P-gp and CYP1A weak inducer; BCRP weak
BCRP inhibitor;, MATE1 and MATE2
substrates inhibitors
Fuzuloparib/fluzoparib CYP3A4 - -
Pamiparib CYP2C8, CYP3A - -

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp: P-glycoprotein; UGTI1Al: Uridine diphosphate
glucuronosyltransferase 1A1; BCRP: Breast cancer resistance protein; OATP1B1: Organic anion transporting polypeptide 1B1;
OCT1: Organic cation transporter 1; OCT2: Organic cation transporter 2; OAT3: Organic anion transporter 3; MATE1: Multidrug
and toxin extrusion transporter 1; MATE2K: Multidrug and toxin extrusion transporter 2K; MATE2: Multidrug and toxin extrusion
transporter 2; -: No data available.

III. Consensus on PARPi DDI Management

Consensus 1: Avoid the combination of olaparib and CYP3A strong/moderate inhibitors. The
dosage of olaparib should be reduced appropriately if such combination is inevitable (Level |
evidence).

Combining with itraconazole, a strong CYP3A inhibitor, or fluconazole, a moderate CYP3A
inhibitor, can increase the area under curve (AUC) of olaparib by 170% and 121%, respectively!>*].
The incidence of grade 3 and above adverse reactions associated with itraconazole in combination
with olaparib (8.5%) is higher than that with olaparib alone (3.4%)5]. Therefore, the combination
of olaparib and CYP3A strong/moderate inhibitors is not recommended. It is suggested that olaparib
be reduced from the standard dose of 300 mg bid to 150 mg bid (in combination with a CYP3A
moderate inhibitor) and 100 mg bid (in combination with a CYP3A strong inhibitor) if such
combination is inevitable!*>,

Consensus 2: Avoid the combination of olaparib and CYP3A strong/moderate inducers (Level I
evidence).

The combination of olaparib and rifampicin, a strong CYP3A inducer, can shorten the time to peak
(tmax) of Olaparib from 1.49 h to 0.78 h, decrease the peak concentration (Cmax) by 71%, and the
AUC by 87%!*l. The combination of olaparib and efavirenz, a moderate CYP3A inducer, is expected



to reduce the AUC of olaparib by approximately 60%!?!. Therefore, the combination of olaparib and
CYP3A strong/moderate inducers is not recommended to avoid negative effects on efficacy?..

Consensus 3: Avoid the combination of fuzuloparib/fluzoparib and CYP3A4 strong inhibitors.
Discontinuing fuzuloparib/fluzoparib is recommended if the use of a CYP3A4 strong inhibitor is
inevitable (Level I evidence).

Combining with itraconazole, a strong CYP3A4 inhibitor, the Cpax, AUCo-1 and AUCo-« of

fuzuloparib/fluzoparib increased by 51%, 325% and 381%, respectively!®l. Therefore, it is suggested
in the label that fuzuloparib/fluzoparib be suspended if the use of a CYP3A4 strong inhibitor is
inevitable; After the CYP3A4 strong inhibitor is cleared for 5-7 half lives, the initial dosage and
frequency of fuzuloparib/fluzoparib can be restored!”). For patients who have been using CYP3A4
inhibitors for a long time, niraparib or pamiparib is preferred.

Consensus 4: Avoid the combination of fuzuloparib/fluzoparib and CYP3A4 moderate inhibitors.
The dose of fuzuloparib/fluzoparib should be reduced appropriately if the combination is inevitable
(Level I evidence).

Fluconazole, a moderate CYP3A4 inhibitor, can increase the Cmax of fuzuloparib/fluzoparib to 1.32
times, and the AUCy- and AUCy to 2.05 times and 2.10 times, respectively®l. Therefore, the
combination of fuzuloparib/fluzoparib and CYP3A4 moderate inhibitors is not recommended. It is
suggested that the standard dose of fuzuloparib/fluzoparib be lowered from 150 mg bid to 50 mg
bid if such combination is inevitable(®!.

Consensus 5: Avoid the combination of fuzuloparib/fluzoparib and CYP3A4 strong inducers (Level
I evidence).

Rifampicin, a strong CYP3A4 inducer, can reduce the Cmax, AUCo~ and AUCp- of
fuzuloparib/fluzoparib to 32.0%, 10.4% and 10.4%, respectively!®). Therefore, the combination of
fuzuloparib/fluzoparib and CYP3A4 strong inducers should be avoided as indicated in the
instructions!’l.

Consensus 6: Pamiparib can be used with CYP3A strong/moderate/weak inhibitors without
adjusting the dosage; Caution should be exercised when used with CYP3A strong inducers and
CYP2CS strong inhibitors (Level I evidence).

Pamiparib is metabolized by CYP2C8 and CYP3A. Rifampicin, a strong CYP3A inducer, has little
effect on the Cmax of pamiparib, but it can reduce its AUCy-; and AUCp-— by 38% and 43%,
respectivelyl!%). Therefore, the combination of pamiparib and CYP3A strong inducers should be
cautious, since it can compromise the efficacy of this PARPi. Itraconazole, a strong CYP3 A inhibitor,
does not affect the AUC of pamiparib, so it is unnecessary to adjust the dosage of pamiparib when
given in combination with strong/moderate/weak CYP3A inhibitors. Since DDI data between
pamiparib and CYP2CS strong inhibitors/inducers are not available, caution should be exercised in
case of such combinations!'].

Consensus 7: When combining Olaparib or niraparib and P-gp strong inhibitors/inducers, more
attention should be paid to adverse reactions and efficacy monitoring, and the doses of these two
PARPi should be adjusted if necessary (Level I evidence).

Olaparib and niraparib are P-gp substrates, but there are few pharmacokinetic data on DDIs between
olaparib, niraparib and strong P-gp inhibitors/inducers in human. Mechanism-wise, such
combinations can either increase or decrease the concentrations of olaparib and niraparib, thus
Medscape and DDInter databases included such interactions (see Table 3).

Table 3 Recommendations for PARPi DDI Management

Medicine Interacting Drugs or Foods Interaction Level of Evidence




Olaparib CYP3A strong/moderate  +++2 Level |

inhibitors

CYP3A4 weak inhibitors + Level I
CYP3A strong/moderate  +++ Level |
inducers

P-gp strong  +° Level 11
inhibitors/inducers

Foods containing CYP3A +++ Level |

inhibitors, such as grapefruit
(juice) and lime (juice)

Niraparib P-gp strong  +° Level I
inhibitors/inducers

Fuzuloparib/fluzoparib CYP3A4 strong inhibitors +++¢ Level |
CYP3A4 moderate inhibitors ~ +++¢ Level |
CYP3A4 weak inhibitors + Level 1l
CYP3A4 strong inducers +++ Level |
Foods containing CYP3A +++ Level |

inhibitors, such as grapefruit
(juice) and lime (juice)

Pamiparib CYP3A - Level |
strong/moderate/weak
inhibitors
CYP3A strong inducers + Level |
CYP2C8 strong inhibitors + Level |

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp: P-glycoprotein; +++: Strong interaction, so the combination should
be avoided; +: Mild to moderate interaction, so more attention should be paid to efficacy and/or the adverse reactions when used
in combination; -: The combination is allowed, and there is no known interaction or the interaction has little effect on
pharmacokinetics; °If the combination is inevitable, it is suggested that the dosage of olaparib be reduced to 150 mg bid (in
combination with CYP3A moderate inhibitors) and 100 mg bid (in combination with CYP3A strong inhibitors); *When initiating
or suspending the use of P-gp strong inhibitors/inducers, more attention should be paid to the pharmacological reaction of
olaparib/niraparib and the dosage should be adjusted if necessary; “It is suggested to discontinue fuzuloparib/fluzoparib if the
combination is inevitable, and its use can be restored after CYP3A4 strong inhibitor is cleared for 5-7 half lives. ‘If the combination
is inevitable, it is suggested that the dosage of fuzuloparib/fluzoparib be reduced to 50 mg bid.

IV. DDI between PARPi and Commonly Used Drugs and Treatment Recommendations

1. Antiemetics

Consensus 8: For patients treated with olaparib, it is suggested that the use of aprepitant, netupitant
and dexamethasone should be avoided (Level I evidence); For patients treated with 5-
hydroxytryptamine 3 (5-HT3) receptor antagonists, metoclopramide, thalidomide and olanzapine,
more attention should be paid to efficacy and adverse effects (Level II-1II evidence).

Olaparib is metabolized by CYP3A4/5, while aprepitant and netupitant are modetrate CYP3A4
inhibitors, and dexamethasone is a strong CYP3A4 inducer. Their combination can affect the
metabolism of olaparib. As indicated clearly in the label of olaparib, “the combination of CYP3A
strong/moderate inhibitors should be avoided. If the combination is inevitable, the dosage of
olaparib should be reduced; The combination of CYP3A strong/moderate inducers should be
avoided. If the combination cannot be avoided, the efficacy of olaparib may be reduced”).
Therefore, the combination of aprepitant, netupitant and dexamethasone is not recommended. If
dexamethasone is needed in clinical practices, more attention should be paid to the efficacy of
olaparib. For patients who have to use neurokinin-1 (NK-1) receptor antagonists, fosaprepitant and
rolapitant are recommended for fewer interactions, and more attention should be paid to the adverse
reactions of olaparib. Fosaprepitant, a weak CYP3A4 inhibitor, and rolapitant, a P-gp inhibitor,
inhibit the metabolism and excretion of olaparib, respectively. Therefore, their combination with
olaparib may increase the incidence of adverse reactions.

Olanzapine and thalidomide are CYP2B6 substrates, and olaparib is a CYP2B6 inhibitor. The
incidence of adverse reactions may increase when combining olaparib and olanzapine or



thalidomide, so more attention should be paid to adverse reactions. Thalidomide and olaparib may
cause myelosuppression, so blood routines should be monitored. The combination of 5-HT3 receptor
antagonists and olaparib can increase the risk of constipation, thus more attention should be paid to
this adverse effect in case of such combinations!!>!4, Metoclopramide, mainly metabolized by
CYP2D6 and CYP3A4, can compete with olaparib for the metabolizing enzyme CYP3A4 when
used together, which may slow the metabolism of olaparib, so more attention should be paid to the
adverse reactions of olaparib.

Consensus 9: Aprepitant, fosaprepitant, dexamethasone, olanzapine and metoclopramide can be
given safely to patients treated with niraparib; More attention should be paid to the adverse reactions
when combined with rolapitant, netupitant, 5-HT3 receptor antagonists and thalidomide (Level II-
IIT evidence).

As a P-gp substrate, niraparib can reduce its excretion and increase the incidence of its adverse
reactions when combined with P-gp inhibitors rolapitant and netupitant, so more attention should
be paid to the adverse reactions of niraparib. When 5-HT; receptor antagonists, thalidomide and
niraparib are used together, the risk of constipation and myelosuppression increases, so more
attention should be paid to constipation and blood routine test. Aprepitant, fosaprepitant,
dexamethasone, olanzapine and metoclopramide have no known or mechanism-deducted
interaction with niraparib, so they can be safely given concomitantly.

Consensus 10: Patients treated with fuzuloparib/fluzoparib can safely use rolapitant and olanzapine;
Aprepitan, netupitant and dexamethasone are not recommended (Level I evidence); For patients
who have to use NK-1 antagonists, rolapitant is preferred, followed by fosaprepitant, and it is
suggested that the dosage of fuzuloparib/fluzoparib be reduced appropriately when given
concomitantly with aprepitant and netupitant. For patients treated with 5-HT3 receptor antagonists,
thalidomide and metoclopramide, more attention should be paid to adverse reactions (Level II-1I1
evidence).

Fuzuloparib/fluzoparib is metabolized by CYP3A4, and dexamethasone is a strong CYP3A4
inducer. Their combination can accelerate metabolism and reduce efficacy. Therefore, the label of
fuzuloparib/fluzoparib clearly indicates that “the combination of fuzuloparib/fluzoparib and strong
CYP3A4 inducers should be avoided in clinical practices.”!’]. If dexamethasone is clinically needed,
more attention should be paid to the efficacy of olaparib and increase its dosage when necessary.
Arepitant and netupiptant are moderate CYP3A4 inhibitors. It is pointed out in the literature that

fluconazole, a moderate CYP3A4 inhibitor, can increase the Cpa, AUCo-¢ and AUCp-o of

fuzuloparib/fluzoparib by 1-2 times, so it is suggested that the dosage of fuzuloparib/fluzoparib be
reduced to 50 mg bid when used in combination with moderate CYP3A4 inhibitors®]. Fosaprepitant
is a weak CYP3 A4 inhibitor, which may cause an increase in the incidence of adverse reactions of
fuzuloparib/fluzoparib, but only to a limited extent, so more attention should be paid to the adverse
reactions of fuzuloparib/fluzoparib in this case. The combination of fuzuloparib/fluzoparib and 5-
HTj; receptor antagonists or thalidomide can increase the risk of constipation and myelosuppression,
so more attention should be paid to constipation and blood routine test. There are no known or
mechanism-related interactions between rolapitant, olanzapine and fuzuloparib/fluzoparib,
rendering such combinations safe. Metoclopramide is mainly metabolized by CYP2D6 and
CYP3A4, and can compete with fuzuloparib/fluzoparib for the metabolizing enzyme CYP3 A4 when
used in combination, which may slow down the metabolism of fuzuloparib/fluzoparib, so more
attention should be paid to the adverse reactions of this PARPi.

Consensus 11: Patients treated with pamiparib can safely use aprepitant, fosaprepitant, rolapitant,
netupitant, metoclopramide and olanzapine (Level I evidence); When using dexamethasone, 5-HT3
receptor antagonists (Level II evidence) and thalidomide, more attention should be paid to efficacy
and adverse effects (Level III evidence).

Pamiparib is metabolized by CYP3A, and its combination with dexamethasone, a strong CYP3A
inducer, can accelerate its metabolism. It should be noted that the efficacy of pamiparib may
decrease. The risk of constipation can increase when used concomitantly with 5-HT3 receptor



antagonists, and that of myelosuppression may rise when used in combination with thalidomide.
Pamiparib is metabolized by both CYP2C8 and CYP3A rather than depending on a single
metabolizing enzyme, and CYP3A inhibitors have less influence on pamiparib, so it can be safely
used with aripipitan and netupitant, moderate CYP3A4 inhibitors, as well as fosaprepitant, a weak
CYP3A4 inhibitor. There is no known interaction between rolapitant, metoclopramide, olanzapine
and pamiparib, so they can be used together safely.

Interactions between commonly used antiemetics and PARPi and the level of evidence are shown
in Table 4.



Table 4 Interactions between Commonly Used Antiemetics and PARPi and the Level of Evidence

Medicine
Category

Name and Nature of
Medicine

Olaparib

Niraparib

Fuzuloparib/fluzoparib

Pamiparib

Interaction

Level of
Evidence

Interaction

Level of
Evidence

Interactio
n

Level
Evidence

Interactio
n

Level
Evidence

of

NK-1
antagonists

5-HT3
receptor
antagonists
Glucocortic
oids

Other
antiemetics

Aprepitant
(CYP3A4 moderate
inhibitor)
Fosaprepitant
(CYP3A4 weak
inhibitor)
Rolapitant

(P-gp inhibitor)
Netupitant
(CYP3A4 moderate
inhibitor, P-gp
inhibitor)

All  agents in the
category

Dexamethasone
(CYP3A4 strong
inducer)

Olanzapine

(CYP 2B6 substrate)
Metoclopramide
(Mainly  metabolized
by CYP2D6 and
CYP3A4)
Thalidomide
(CYP3A substrate and
inducer, CYP 2B6
substrate)

+++42

+C

+C

+++2

+d

+++E

+f

+C

+fg

Level |

Level 11

Level 11

Level |

Level 1

Level I

Level Il

Level 111

Level 1

+C

+C

40

+9

Level 11

Level 11

Level I

Level 1l

+++b

+C

+++b

+d

+++€

+C

+9

Level |

Level 11

Level |

Level I

Level |

Level 11

Level 1l

+d

+e

+9

Level 111

Level I

Level 11

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp:P-glycoprotein; +++: Strong interaction, so the combination should be avoided; +:Mild to moderate interaction, so more attention should be paid to efficacy
and/or adverse reactions when used in combination; -: The combination is allowed, and there is no known interaction or the interaction has little effect on pharmacokinetics; “If the combination is inevitable, it is suggested



that the dosage of olaparib be reduced to 150 mg bid, and the initial dose can be restored after discontinuing the combined agent for 3-5 half lives; *If the combination is inevitable, the dosage of fuzuloparib/fluzoparib
should be reduced to 50 mg bid; “The adverse reactions of PARPi increased; “The risk of constipation increased; °The efficacy of PARPi decreased; 'The efficacy of combined drugs decreased; 9The risk of myelosuppression
increased.



2. Analgesics
Consensus 12: All PARPi can be given concomitantly with commonly used analgesics, but more
attention should be paid to constipation, bleeding and other adverse reactions (Level II-111 evidence).

Morphine/celecoxib are P-gp substrates, and olaparib is a P-gp inhibitor. Their combination can lead
to decreased excretion and possibly increased adverse reactions. Oxycodone is metabolized by
CYP3A4/5 and CYP2D6, and tramadol is metabolized by CYP2D6, CYP3A4 and CYP2B6. They
compete for the metabolizing enzymes of olaparib, which may slow down the metabolism of this
PARPi, so more attention should be paid to the adverse reactions of olaparib. Fentanyl and
methadone are P-gp inhibitors, and olaparib and niraparib are P-gp substrates. Their combined use
may slow down the PARPi metabolism, and increase the incidence of adverse reactions.

PARPi can cause thrombocytopenia, with an incidence between 13.8% - 50.8% as indicated in the
label. Hemorrhage is a common adverse reaction of non-steroidal anti-inflammatory drugs
(NSAIDS), and its risk can increase in case of such combinations, so more attention should be paid
in this scenario. In addition, there is an increased risk of constipation in the combination of PARPi
and opioids, and monitoring should be strengthened when given together.

Interactions between commonly used analgesics and PARPi and the level of evidence are shown in
Table 5.



Table 5

Interactions between Commonly Used Analgesics and PARPi and the Level of Evidence

Medicine
Category

Name and
Nature of
Medicine

Olaparib

Niraparib

Fuzuloparib/fluzoparib

Pamiparib

Interaction

Level of
Evidence

Interaction

Level of
Evidence

Interaction

Level of
Evidence

Interaction

Level of
Evidence

Strong opioids

Weak opioids

Non-steroidal anti-

inflammatory
drugs

Morphine
(P-gp substrate)
Oxycodone
(Metabolized
by CYP3AA4/5
and CYP2D6)
Fentanyl

(P-gp inhibitor)
Methadone
(P-gp inhibitor)

Tramadol
(Metabolized
by CYP2DS6,
CYP3A4 and
CYP2B6)
Celecoxib
(P-gp substrate,
CYP3A
substrate)
Rofecoxib
(CYP3A
substrate  and
inducer)
Etoricoxib
(CYP3A
substrate  and
inhibitor)

++a0

++be

++be

++be

++be

++ad

+40e

++d

Level 111

Level Il

Level 11

Level 1l

Level 1l

Level I

&

Level 1l

Level Il

+b

+b

+4bC

+-4bC

+d

+d

Level 111

Level 111

Level 111

Level 11

Level 111

Level 11

Level 111

Level 111

4b

+b

+d

++4de

++4d

Level 111

Level 111

Level 111

Level 111

Level 111

Level 111

Level 111

Level 111

+b

+b

+d

+d

Level 11

Level 11

Level 111

Level 11

Level 111

Level 111

Level 111

Level 11



Nimesulide ++de Level Il +d Level 111 e Level 111 +d Level 111
(CYP3A

substrate)

Other non- +¢ Level 111 +d Level I11 +d Level I11 +d Level I11
steroidal  anti-

inflammatory

drugs

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp: P-glycoprotein; ++: Two or more mechanisms of DDI; +: One mechanism of DDI; *The adverse reactions of combined drugs increased; *The risk of constipation
increased; “The adverse reactions of PARPi increased; “The risk of bleeding increased; “The efficacy of PARPi decreased.




3. Sedative Hypnotics

Consensus 13: When combining olaparib with diazepam, alprazolam, triazolam, zaleplon,
(de)zopiclone, fuzuloparib/fluzoparib with diazepam, and pamiparib with triazolam, more attention
should be paid to the adverse reactions of PARPi and/or the combined agents (Level I1-11I evidence).

Diazepam is a CYP3A inhibitor, and olaparib and fuzuloparib/fluzoparib are metabolized by
CYP3A. Their combinations may increase the incidence of adverse reactions of olaparib and
fuzuloparib/fluzoparib. Triazolam is a CYP2CS inhibitor, and pamiparib is metabolized by CYP2C8
and CYP3A. Their combined use can slow down the metabolism of the PARPi. CYP3A is involved
in the metabolism of alprazolam, (de)zopiclone, triazolam and zaleplon, and olaparib and
fuzuloparib/fluzoparib are metabolized by CYP3A. Such combinations can cause competitive
inhibition, which may lead to a high incidence of adverse reactions.

Interactions between commonly used sedative hypnotics and PARPi and the level of evidence is
shown in Table 6.



Table 6 Interactions between Commonly Used Sedative Hypnotics and PARPi and the Level of Evidence

Medicine
Category

Name and Nature
of Medicine

Olaparib

Fuzuloparib/fluzoparib

Pamiparib

Interaction

Level of
Evidence

Level of
Evidence

Interaction

Level of
Evidence

Level of

Interaction .
Evidence

Benzodiazepines

Non-
benzodiazepines

Diazepam
(CYP3A
inhibitor)
Flurazepam

Oxazepam
Clonazepam
Lorazepam

Alprazolam
(Metabolized by
CYP3A)
Estazolam

Triazolam
(CYP2C8
inhibitor,
CYP3Asubstrate)
Zaleplon

(Very few of
them are
metabolized by
CYP3A4,
CYP3A4
substrate)
(De)zopiclone
(Mainly
metabolized by
CYP3A)

+a

+a

Level Il

Level Il

Level Il

Level Il

Level Il

+a

Level 111

Level 111

Level 111

Level 111

+2@ Level 111

+2 Level 11



Zolpidem

Note: PARPi: Poly ADP-ribose polymerase inhibitors; +: Mild to moderate interaction, so more attention should be paid to efficacy and/or adverse reactions when used in combination; -: The combination is allowed, and
there is no known interaction or the interaction has little effect on pharmacokinetics; “The adverse reactions of PARPi increased; "The adverse reactions of combined drugs increased.



4. Antibacterials

Consensus 14: Olaparib can be safely given with PB-lactams, carbapenems, aminoglycosides,
moxifloxacin, (lev)ornidazole, vancomycin and micafungin; The combination of olaparib with
ciprofloxacin, erythromycin, clarithromycin, metronidazole and triazole antifungal agents should
be avoided (Level I evidence); When combining olaparib with levofloxacin, azithromycin, linezolid
and caspofungin, more attention should be paid to the adverse reactions of olaparib (Level II-II1
evidence).

Voriconazole, posaconazole, itraconazole and clarithromycin are strong CYP3A4 inhibitors, while
fluconazole, ciprofloxacin, erythromycin and metronidazole are moderate CYP3A4 inhibitors. If
they are used concomitantly with olaparib metabolized by CYP3 A4, the metabolism of this PARPi
can be affected, leading to an increase in concentration. Levofloxacin is a P-gp inhibitor,
azithromycin is a CYP3 A4 inhibitor and a P-gp inhibitor, and caspofungin is a CYP3A inhibitor and
a P-gp inhibitor. Their combinations with olaparib can affect the metabolism/excretion of this PARPi.
Interactions between linezolid and olaparib and other PARPi are mainly added risks of platelet
inhibition.

Consensus 15: Niraparib can be safely given with B-lactams, carbapenems, aminoglycosides,
ciprofloxacin, moxifloxacin, metronidazole, (lev)ornidazole, vancomycin, micafungin, fluconazole,
voriconazole and posaconazole; When combining niraparib with levofloxacin, erythromycin,
clarithromycin, azithromycin, linezolid, itraconazole and caspofungin, more attention should be
paid to the adverse reactions of niraparib (Level II-III evidence).

Levofloxacin, erythromycin, clarithromycin, azithromycin, itraconazole and caspofungin are all P-
gp inhibitors, and niraparib is a P-gp substrate. Their combined use can slow down the excretion of
niraparib, and increase the incidence of its adverse reactions. Both linezolid and niraparib can lead
to thrombocytopenia, so the monitoring of platelet count should be strengthened in case of such
combinations. Carbapenems, [-lactams, aminoglycosides, ciprofloxacin, moxifloxacin,
metronidazole, (lev)ornidazole, vancomycin, micafungin, fluconazole, voriconazole and
posaconazole have no known interaction with niraparib, so they can be safely used concomitantly.

Consensus 16: Fuzuloparib/fluzoparib can be safely used with P-lactams, carbapenems,
aminoglycosides, levofloxacin, moxifloxacin, (lev)ornidazole, vancomycin and micafungin; The
combination of fuzuloparib/fluzoparib with ciprofloxacin, erythromycin, clarithromycin,
metronidazole and triazole antifungal agents should be avoided, and it is suggested to reduce the
dosage of fuzuloparib/fluzoparib appropriately if necessary when used in combination (Level I
evidence); When combining fuzuloparib/fluzoparib with azithromycin, linezolid and caspofungin,
more attention should be paid to the adverse reactions of fuzuloparib/fluzoparib (Level II-1II
evidence).

Ciprofloxacin, erythromycin, clarithromycin, metronidazole and triazoles are all strong/moderate
CYP3 A4 inhibitors, and their combination with fuzuloparib/fluzoparib can increase the exposure of
fuzuloparib/fluzoparib. When the combination with strong CYP3A4 inhibitors (clarithromycin,
voriconazole, posaconazole, itraconazole) is inevitable, fuzuloparib/fluzoparib should be
discontinued; When used concomitantly with moderate CYP3A4 inhibitors (ciprofloxacin,
erythromycin, metronidazole and fluconazole), it is suggested in literature(®! that the dosage of
fuzuloparib/fluzoparib be adjusted to 50 mg bid. Azithromycin and caspofungin are inhibitors of
CYP3A4 and CYP3A, respectively, with unknown inhibition potency, so more attention should be
paid to the adverse reactions of fuzuloparib/fluzoparib.

Consensus 17: Pamiparib can be safely given with other commonly used antibacterials except
linezolid.

Although many antibacterials are CYP3A4 inhibitors, pamiparib is metabolized by CYP2CS8 and
CYP3A, less dependent on CYP3 A4, so it can be safely used with strong/moderate/weak CYP3A
inhibitors. The interaction between linezolid and pamiparib mainly lead to an added risk of
thrombocytopenia.



Interactions between commonly used antibacterials and PARPi and the level of evidence are shown
in Table 7.



Table 7 Interactions between Commonly Used Antibacterials and PARPi and the Level of Evidence

Olaparib Niraparib Fuzuloparib/fluzoparib Pamiparib

Medicine Name and Nature of
Category Medicine interaction V! ©f  nieraction LeVSl Of  oieraction L€Vel Of  nieraction Level of
Evidence Evidence Evidence Evidence

B-lactams Amoxicillin - - - - - - - -
Piperacillin-tazobactam
Cefuroxime
Cefperazone-sulbactam
Ceftriaxone
Ceftazidime

Cefotaxime

Carbapenem = Imipenem
s
Meropenem

Ertapenem

Faropenem

Quinolones | Levofloxacin +ab Level 11l +2 Level 11l
(P-gp substrate,
inhibitor)
Ciprofloxacin +++¢ Level | - - +++4 Level | - -
(CYP3A4 moderate
inhibitor, P-gp
substrate)
Moxifloxacin



Macrolides

Aminoglyco
sides

Anti-
anaerobic
bacteria

Glycopeptid
es
Oxazolidino
nes

Antifungal
drugs

Erythromycin
(CYP3A4  moderate
inhibitor, P-gp
inhibitor)
Clarithromycin
(CYP3A4 strong
inhibitor, P-gp
inhibitor)

Azithromycin
(CYP3A4 inhibitor, P-
gp  substrate  and
inhibitor)
Gentamicin
Amikacin
Etimicin
Netilmicin
Metronidazole
(CYP3A4
inhibitor)
(Lev)ornidazole

moderate

Vancomycin

Linezolid

Fluconazole (CYP3A4
moderate inhibitor)

+++€

+++e

+9

+++C

Level |

Level |

Level I

Level I

Level Il

Level |

+a

+a

+a

+9

Level 111

Level 111

Level 11

Level Il

+++4d

+++f

+++4

Level |

Level |

Level 11

Level |

Level Il

Level |

+9

Level 11



Voriconazole (CYP3A4  +++¢ Level | +++f Level |
strong inhibitor)

Posaconazole +++8 Level | - - +++f Level | - -
(CYP3A4 strong

inhibitor)

Itraconazole (CYP3A4 +++¢ Level | +2 Level 1l +++f Level | - -

strong inhibitor, P-gp
strong inhibitor)

Caspofungin +2 Level I +2 Level 11 +2 Level HI
(CYP3A inhibitor, P-gp
inhibitor)

Micafungin

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp: P-glycoprotein; +++: Strong interaction, so the combination should be avoided; +: Mild to moderate interaction, so more attention should paid to efficacy
and/or adverse reactions when used in combination; -: The combination is allowed, and there is no known interaction or the interaction has little effect on pharmacokinetics; *The adverse reactions of PARPi increased;
The adverse reactions of combined drugs increased; °If the combination is inevitable, it is suggested that the dosage of olaparib be reduced to 150 mg bid; “If the combination is inevitable, it is suggested that the dosage
of fuzuloparib/fluzoparib be reduced to 50 mg bid; °If the combination is inevitable, it is suggested that the dosage of olaparib be reduced to 100 mg bid; If the combination is inevitable, it is suggested to discontinue
fuzuloparib/fluzoparib, and it can be restored after discontinuing the strong CYP3A4 inhibitor for 5-7 half lives; éThe risk of myelosuppression increased.



5. Anticoagulants
Consensus 18: When combining any anticoagulant with PARPi, more attentions should be paid to
bleeding and other adverse reactions (Level II-III evidence).

Interactions between anticoagulants and PARPi mainly lead to an added risk of bleeding, and the
bleeding risk of PARPi is mainly caused by thrombocytopenia. Some anticoagulants (dabigatran,
rivaroxaban, apixaban, edoxaban and ticagrelor) are P-gp substrates. Their combinations with
olaparib, which inhibits P-gp, can slow down the excretion of anticoagulants, and increase the
incidence of adverse reactions. If patients need to use the above orally administered anticoagulants
for a long time due to comorbidities, PARPi other than olaparib are recommended; If olaparib has
been used, heparin is preferred for anticoagulation.

Consensus 19: Patients treated with olaparib should use warfarin with caution (Level II evidence).

Warfarin is a CYP3A inducer, and olaparib is metabolized by CYP3A. Such combination can slow
down the metabolism of olaparib, and may increase the incidence of adverse reactions. CYP3A4 is
involved in the metabolism pathway of warfarin, and olaparib can inhibit/induce CYP3A4.
According to Drug Bank database, olaparib may increase the serum concentration of warfarin.
Therefore, patients treated with olaparib should use warfarin with caution.

Consensus 20: Pamiparib is preferred among PARPi for patients who have been using ticagrelor
for a long time (Level III evidence).

Ticagrelor is an inhibitor of CYP3A and P-gp. Its combined use with P-gp substrates (olaparib and
niraparib) can slow down the excretion of these PARPi, and may increase the incidence of adverse
reactions. As olaparib and fuzuloparib/fluzoparib are mainly metabolized by CYP3A, ticagrelor can
inhibit the metabolism of the two PARPI, resulting in an increase of concentration and incidence of
adverse reactions. Therefore, pamiparib is preferred among PARPi for patients who have been using
ticagrelor for a long time.

Interactions between commonly used anticoagulants and PARPi and the level of evidence are shown
in Table 8.



Table 8 Interactions between Commonly Used Anticoagulants and PARPi and the Level of Evidence

Medicine Name and Nature of Olaparib Niraparib Fuzuloparib/fluzoparib Pamiparib
Category Medicine interaction €Y °f  nteraction L€V®! O nteraction Level of Interaction =cvel of
Evidence Evidence Evidence Evidence
Coumarins Warfarin +2bC Level Il +b Level 111 ++20 Level 111 ++ Level 111
(CYP3A inducer,
CYP3A4 substrate)
Novel oral Rivaroxaban ++bd Level Il ++bd Level Il +b Level 111 +b Level 111
anticoagulants  (P-gp substrate)
Apixaban ++bd Level Il ++bd Level Il +b Level 111 +b Level 111
(P-gp substrate)
Edoxaban ++bd Level 111 ++bd Level Il +b Level Il +b Level 11
(P-gp substrate)
Ticagrelor ++bd Level Il ++bd Level Il ++bd Level 111 +b Level 111
(CYP3A and P-gp
inhibitor)
Dabigatran ++bd Level Il +b Level 111 +b Level 111 +b Level 111
(P-gp substrate)
Heparins All medicines +b Level Il +b Level Il +b Level 111 +b Level 111

Note: PARPi: Poly ADP-ribose polymerase inhibitors; P-gp: P-glycoprotein; ++: Two mechanisms of DDI, so more attention should be paid to efficacy and/or adverse reactions when used in combination; +: One
mechanism of DDI, so more attention should be paid to efficacy and/or adverse reactions when used in combination; “The efficacy of PARPi decreased; ®The risk of bleeding increased; ‘The adverse reactions of drug
combination increased; ‘The adverse reactions of PARPi increased.



V. Interactions between Food, Traditional Chinese Medicine and PARPi and Treatment
Recommendations

Grapefruit (juice) and lime (juice) are strong CYP3A inhibitors, and hyperforin perforatum (also
known as St. John's wort) is a strong inducer of CYP3A and P-gp, which can affect the metabolism
of PARPI, thus such combinations should be avoided. Fupu granule and polygonum capitatum can
also induce CYP3A4[!3-161. Some Chinese medicine or proprietary Chinese medicine can also inhibit
CYP3A4, such as ginseng, ginkgo biloba, motherwort, epimedium, myricetin, rutaceae Chinese
medicines containing flavonoid hesperidin (including tangerine peel, orange peel and bergamot),
and Chinese medicines containing coumarin (including angelica dahurica, peucedanum root and

angelica sinensis), all of which can inhibit CYP3A4 activity!!*-17,

VI. Conclusion

PARPi are mostly metabolized by hepatic microsomal enzymes, and can interact with many other
drugs commonly used in cancer patients. Verification should be highlighted in clinical practices.
Interaction databases should be fully used to avoid severe DDIs, and the dosage of drugs should be
adjusted when necessary. For interactions not included in databases, the existence of a potential one
can be deducted from the mechanism considering the characteristics of drug metabolism and
metabolic enzymes, and the observation and monitoring of dosing should be strengthened to better
ensure the safety and efficacy of PARPi. Currently, relevant researches on the interactions between
traditional Chinese medicine or proprietary Chinese medicine and PARP1 is inadequate, which can
be seen as a prospect for future research.
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