
ONCOLOGY REPORTS  47:  20,  2022

Abstract. Poly (ADP‑ribose) polymerase (PARP) inhibitors, 
including olaparib, niraparib, rucaparib, talazoparib and veli‑
parib, have emerged as one of the most exciting new treatments 
for solid tumors, particularly in patients with breast‑related 
cancer antigen 1/2 mutations. Oral administration is conve‑
nient and shows favorable compliance with the majority of 
patients, but it may be affected by numerous factors, including 
food, metabolic enzymes and transporters. These interac‑
tions may be associated with serious adverse drug reactions 
or may reduce the treatment efficacy of PARP inhibitors. In 
fact, numerous pharmacokinetic (PK)‑based drug‑drug inter‑
actions (DDIs) involve the metabolism of PARP inhibitors, 
particularly those metabolized via cytochrome P450 enzymes. 
The present review aims to characterize and summarize the 
metabolism‑related PK‑based DDIs of PARP inhibitors, and 
to provide specific recommendations for reducing the risk of 
clinically significant DDIs.

Contents

1.	 Introduction
2.	 Mechanisms of action of PARP inhibitors
3.	 PK parameters of PARP inhibitors
4.	 Metabolism‑related PK‑based DDIs
5.	 Conclusions

1. Introduction

In order to improve effectiveness and minimize the adverse 
effects of cancer treatment, more specific targeted agents 

have been identified (1). These novel agents have changed 
the course of cancer treatment and are capable of improving 
patient outcomes. One of the most promising classes of 
targeted antineoplastic agents is the poly (ADP‑ribose) 
polymerase (PARP) inhibitors  (2). PARP inhibitors may 
selectively eliminate those cells that have lost the homologous 
recombination repair pathway  (3). The antitumor activity 
of PARP inhibitors involves inhibition of PARP enzymatic 
activity and an increase in the formation of PARP‑DNA 
complexes, resulting in DNA damage, apoptosis and cell 
death, particularly in cancer cells  (4). PARP inhibitors, 
including olaparib, niraparib, rucaparib, talazoparib and 
veliparib, are administered orally, which has an advantage in 
terms of flexibility, convenience and quality of life compared 
with traditional chemotherapy (5). However, as oral PARP 
inhibitors are extensively used, patients with cancer are 
at increased risk for drug‑drug interactions (DDIs). As a 
consequence, the pharmacokinetics (PK) of PARP inhibitors 
may display high inter‑individual variability in patients with 
cancer and a subsequently increased risk for serious toxicity 
or therapeutic failure (6‑8).

DDIs are a major and growing clinical health problem, and 
could lead to unwanted toxicities or therapeutic failure. DDIs 
could be divided into pharmacodynamic (PD) and PK inter‑
actions (9). PD‑based DDIs occur when medications cause 
additive, antagonistic or synergistic pharmacological effects, 
altering efficacy or producing adverse effects. PK‑based DDIs 
are caused by changes in absorption, distribution, metabolism 
and excretion, leading to altered bioavailability of a drug and 
possible unfavorable outcomes. (e.g., increased toxicity and 
reduced treatment efficacy) (10). Metabolism‑related DDIs 
are the most common PK‑based DDIs. Due to the substantial 
potential for interaction between PARP inhibitors and other 
medications that modulate the activity of metabolic path‑
ways, unwanted clinical consequences may occur from small 
changes in drug PK in patients with cancer (7,8). As such, 
this may result in an increased risk of non‑compliance, dose 
reduction or therapy discontinuation, leading to suboptimal 
therapy.

The main objective of the present review is to characterize 
and summarize the PK parameters and metabolism‑related 
PK‑based DDIs for each PARP inhibitor. In addition, practical 
recommendations for managing DDIs during treatment with 
PARP inhibitors are provided.
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2. Mechanisms of action of PARP inhibitors

PARPs are a group of enzymes that play a key role in the DNA 
repair pathway. Among them, PARP‑1, 2 and 3 are the most 
extensively studied (2). PARP‑1, accounting for up to 90% of 
all PARP activity, promotes single‑strand DNA break (SSB) 
repair via the base excision repair pathway (2,3). In addition, 
PARP‑1 plays a central role in microhomology‑mediated end 
joining repair, an error‑prone pathway involved in double‑strand 
DNA break (DSB) repair (4). Beyond DNA repair, PARPs are 
also involved in mitosis, transcriptional regulation, cell death, 
intracellular metabolism and telomere length (2).

Non‑homologous end joining (NHEJ) and homologous 
recombination (HR) are two important pathways in the 
repair of DSBs. HR [for which breast‑related cancer antigen 
1/2 (BRCA1/2) are the first proteins to have been studied] 
is a high‑fidelity repair pathway, while NHEJ is an error 
prone pathway that could lead to an accumulation of genetic 
aberrations, chromosomal instability, cell cycle arrest and 
apoptosis (1,2). If the HR pathway is altered, NHEJ is left as 
the only pathway able to repair the DNA. PARP inhibitors 
could bind to the nicotinamide adenine dinucleotide (NAD+) 
binding pocket of PARP‑1, producing conformational changes 
that stabilize the binding of PARP‑1 and DNA (5). This process 
results in PARP‑1 dysfunction, leading to the accumulation of 
unrepaired SSBs and inhibiting the progression of replication 
forks (RFs) (5). Ultimately, stalled RFs degrade into highly 
cytotoxic DSBs. HR proficient cells are able to repair the DSB 
and restart replication, while HR deficient cells (i.e., those with 
BRCA mutation) are unable to repair the accumulating DSBs, 
which may induce cell death. The mechanisms of action of 
PARP inhibitors are illustrated in Fig. 1.

3. PK parameters of PARP inhibitors

The PARP inhibitors olaparib, niraparib, rucaparib, tala‑
zoparib and veliparib are administered orally. The oral 
absorption is rapid, with peak plasma concentration (Cmax) 
achieved 0.5 to 3 h after dosing in healthy subjects and in 
patients with solid tumors (11‑19). The oral bioavailability is 
quite different between the five PARP inhibitors. For instance, 
in niraparib it is ~73%, whereas in rucaparib it is 36% (13‑15). 
Numerous factors may contribute to low oral bioavailability, 
such as the inability of a drug to cross cell membranes, poor 
water solubility and metabolic instability.

Among the five PARP inhibitors, niraparib has the highest 
volume of distribution (1,220 liters) (13,14), potentially indi‑
cating a higher tendency to concentrate in tumors and other 
tissues rather than in plasma. In terms of the plasma protein 
binding rate, >80% of olaparib and niraparib, ~70% of ruca‑
parib and talazoparib, and only 51% of veliparib is bound to 
plasma proteins (11‑20).

The five PARP inhibitors undergo slightly different meta‑
bolic pathways: Olaparib, rucaparib and veliparib are primarily 
metabolized by the cytochrome P450 (CYP) enzymatic 
pathway (11,15,19); talazoparib undergoes minimal hepatic 
metabolism, with identified metabolic pathways, including 
mono‑oxidation, dehydrogenation, cysteine conjugation and 
glucuronide conjugation (17,18); and niraparib is metabolized 
primarily by carboxylesterases (CEs) amide hydrolysis to 

form a major inactive metabolite, and subsequently undergoes 
glucuronidation (13,14).

Excretion of the five drugs also varies. Talazoparib and 
niraparib both have a long elimination half‑life (T1/2) of 90 
and 36 h, respectively (13,17), olaparib and rucaparib have a 
moderate T1/2 of 11.9 and 19 h, respectively (11,15), whereas 
veliparib has a short T1/2 (5.2 h) (19,20). This may explain why 
talazoparib and niraparib are recommended for administra‑
tion once daily, while olaparib, rucaparib and veliparib are 
medications administered twice daily. Finally, talazoparib 
and veliparib are excreted primarily in the urine (17,19‑21), 
whereas rucaparib is excreted primarily in the feces (15,16). 
For olaparib and niraparib, the average percent recovery of the 
administered dose is no different in the urine and feces (11,13). 
PK parameters for PARP inhibitors are demonstrated in 
Table I, and metabolic pathways related to PARP inhibitors 
are illustrated in Fig. 2.

4. Metabolism‑related PK‑based DDIs

Metabolism‑related DDIs are the most common type of 
PK‑based DDIs. Drug metabolizing enzymes are expressed 
throughout the body, including in the liver, intestines, 
kidneys, brain, heart, lungs and skin. In the small intestine, 
there are multiple CYP enzymes (22). An immunoblot study 
of microsomes indicated that CYP3A and CYP2C9 repre‑
sent the major constituents of the intestinal CYP enzymes, 
accounting for 80 and 14% of total intestinal CYP enzymes, 
respectively (23). CYP3A4 was the main CYP3A enzyme, 
while CYP3A5 was only detected in certain individuals (24). 
The remaining detected CYP enzymes, in decreasing order of 
abundance, were CYP2C19, CYP2J2 and CYP2D6. Evidence 
indicated that a wide variety of orally administered drugs are 
metabolized by intestinal CYP enzymes, and that intestinal 
CYP enzyme‑mediated metabolism could actually eliminate 
a large proportion of certain orally administered drugs before 
they enter the systemic circulation (24‑26). Therefore, orally 
administered drugs that are subject to high intestinal metabo‑
lism not only suffer from low oral bioavailability, but they are 
also more likely to be susceptible to DDIs (27).

While certain oral drugs are metabolized by both the intes‑
tines and liver, the main site for drug metabolism is the liver, 
where both phase I and II metabolic enzymes are expressed 
in hepatocytes and the biliary epithelium. Phase I metabolic 
enzymes are primarily CYP enzymes, whereas phase  II 
metabolic enzymes mainly include uridine diphosphate gluc‑
uronosyl transferases (UGTs) and sulfotransferases (SULTs). 
Unlike in the intestines, the major metabolic enzyme subfami‑
lies are more evenly spread out across the liver (28). For phase I 
metabolism, CYP3A, CYP1A2, CYP2D6, CYP2C, CYP2B6, 
CYP2E1 and CYP4F are all major players (29). For phase II 
metabolism, UGT1A, UGT2B and SULT1A1 are the major 
metabolic enzymes (30). Inhibition or induction of any or all 
of these hepatic enzymes by co‑administered medications 
or food may lead to increased toxicity or reduced treatment 
efficacy (31).

Intestinal drug‑metabolizing enzymes affect drug absorp‑
tion, while hepatic drug‑metabolizing enzymes affect drug 
elimination (9,27). Drugs, food and herbal supplements that 
compete for metabolism by the same metabolic enzyme, or 
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that inhibit or induce metabolic enzymes, may mediate DDIs, 
leading to an increase or decrease in the serum area under 
the curve (AUC) of the enzyme substrate (32). Increased or 
decreased exposure by alteration of metabolic enzyme activity 
may cause clinically relevant toxic effects or ineffectiveness 
of treatment with PARP inhibitors. In addition, as certain 
PARP inhibitors could inhibit or induce metabolic enzymes, 
they could also influence the exposure of other metabolic 
substrates (11,15). The DDIs between PARP inhibitors and 
enzyme inhibitors and inducers are listed in Table II. The 
DDIs between PARP inhibitors and other enzyme substrates 
are listed in Table III.

Olaparib.  Olapar ib is pr imar i ly metabol ized by 
CYP3A  (11,12). It was previously shown that following 
administration of a single radiolabeled dose, unmetabolized 
olaparib was the major circulating component (70%) in 
plasma (11), and accounted for 15 and 6% of radioactivity in 
urine and feces, respectively (11,12). Most of its metabolism 
is attributable to oxidation reactions, and subsequently, a 
number of metabolites that are produced go under glucuro‑
nide or sulfate conjugation (11,12).

The co‑administration of olaparib with itraconazole was 
noted to increase the AUC and Cmax of olaparib by 170 and 
42%, respectively  (7). Similarly, fluconazole, a moderate 
CYP3A inhibitor, was predicted to increase the AUC and 
Cmax of olaparib by 121 and 14%, respectively (11). As such, 
the concurrent use of strong and moderate CYP3A inhibitors 
should be avoided. If a CYP3A inhibitor must be co‑adminis‑
tered, the olaparib dose should be reduced to 150 mg (capsule) 
or 100  mg (tablet) administered twice daily for a strong 
CYP3A inhibitor, or to 200 mg (capsule) or 150 mg (tablet) 
received twice daily for a moderate CYP3A inhibitor (7,11,12). 
In addition, grapefruit, grapefruit juice and seville orange 
juice should be avoided during olaparib treatment, since they 
are CYP3A inhibitors (11,12).

When co‑administered with rifampicin, the AUC and 
Cmax of olaparib were noted to decrease by 87 and 71%, 
respectively (7). Efavirenz, a moderate CYP3A inducer, was 
predicted to decrease the AUC and Cmax of olaparib by ~60 
and 31%, respectively (11). Thus, the concurrent use of strong 
or moderate CYP3A inducers should also be avoided. If use of 
a moderate CYP3A inducer cannot be avoided, there exists a 
potential for decreased efficacy of olaparib (7,11,12).

Figure 1. Mechanisms of action of PARP inhibitors. SSBs occur frequently in proliferating cells, and SSBs are repaired mostly by the PARP‑dependent base 
excision repair pathway. PARP inhibitors may bind to the nicotinamide adenine dinucleotide binding pocket of PARP‑1, producing conformational changes 
that stabilize the binding of PARP‑1 and DNA. This process results in PARP‑1 dysfunction, leading to the accumulation of unrepaired SSBs; ultimately, the 
unrepaired SSBs could be converted to DSBs. HR proficient cells are able to repair the DSBs and restart replication, while HR deficient cells are unable to 
repair the accumulating DSBs, which may induce cell death. PARP, poly (ADP‑ribose) polymerase; SSB, single‑strand DNA break; DSB, double‑strand DNA 
break; HR, homologous recombination.
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In an in vitro study, olaparib acted as both an inhibitor and 
inducer of CYP3A, an inhibitor of UGT1A1 and an inducer 
of CYP2B6 (33). Physiologically based PK (PBPK) modeling 
predicted that olaparib could increase the AUC of midazolam 
(a CYP3A substrate) by 61% and the Cmax by 18%, and increase 
the AUC of raltegravir (a UGT1A1 substrate) by 7% and the 
Cmax by 4% (34). As a result, caution should be taken when 
sensitive CYP3A substrates or agents with a narrow thera‑
peutic index are combined with olaparib, but restricting the 
simultaneous use of olaparib and UGT1A1 substrate is not 
recommended (11,12,34).

Niraparib. Niraparib is primarily metabolized by CEs to 
form a major inactive metabolite (M1) that is subsequently 
metabolized by UGTs into minor inactive metabolites 
(M10) (13,14,35). The minor pathway of the oxidative metab‑
olism of niraparib is primarily metabolized by CYP1A2 and 
CYP3A4, with minor contributions from CYP2D6 (13,14). 
In a PK study, M1 and M10, the subsequently formed M1 
glucuronides, were the major circulating components (36). 
The influence of CEs or UGT polymorphisms on niraparib 
PK was not evaluated, and co‑administration of CYP enzyme 
inhibitors or inducers is not expected to cause clinically 
significant DDIs (13,14).

Neither niraparib nor M1 inhibits CYP or UGT isoforms, 
although niraparib is a weak CYP1A2 inducer at high concen‑
trations (13,14,35). Therefore, the clinical relevance of a DDI 
could not be completely ruled out, and caution should be used 
when niraparib is combined with CYP1A2‑sensitive substrates, 
particularly those having a narrow therapeutic range (14).

Rucaparib. In vitro, rucaparib is primarily metabolized by 
CYP2D6 and to a lesser extent by CYP1A2 and CYP3A4, 
although with a low metabolic turnover rate; subsequently, the 
metabolites undergo sulfation and glucuronidation (15,16). It 
was reported that following administration of a single radio‑
labeled dose of rucaparib, unmetabolized rucaparib was the 
major component and accounted for 64% of the radioactivity 
in plasma (37). The major metabolic pathways for rucaparib 
are oxidation, N‑demethylation, N‑methylation and glucuroni‑
dation (15).

In a population PK study, the steady‑state concentrations 
of rucaparib did not differ significantly across CYP2D6 or 
CYP1A2 genotype subgroups  (15,16,38). Concurrent use 
of a strong CYP1A2 or CYP2D6 inhibitor did not show 
significant impact on rucaparib PK. As such, concurrent 
administration of CYP inhibitors or inducers with rucaparib 
is not restricted (15,16). In vitro, rucaparib has been revealed 
to be a moderate inhibitor of CYP1A2, and a weak inhibitor 
of CYP2C9, CYP2C19, CYP3A, CYP2C8, CYP2D6 and 
UGT1A1 (8,15). Rucaparib has been shown to induce CYP1A2 
and downregulate CYP2B6 and CYP3A4 at clinically relevant 
concentrations (15,16,39).

In a DDI study in patients with cancer, the effects of a 
steady dose of rucaparib at 600 mg twice daily on caffeine 
(a CYP1A2 substrate), S‑warfarin (a CYP2C9 substrate), 
omeprazole (a CYP2C19 substrate) and midazolam (a CYP3A 
substrate) were evaluated (8). Rucaparib exhibited no effect on 
the Cmax of caffeine, although it moderately increased the AUC 
by 1.55% (8). Rucaparib increased the AUC of S‑warfarin by 
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0.49% and the Cmax by 0.05%, increased the AUC of omepra‑
zole by 0.55% and the Cmax by 0.09%, and increased the AUC 
of midazolam by 0.38% and the Cmax by 0.13% (8). According 
to the study, co‑administration of rucaparib could increase 
the systemic exposure of CYP1A2, CYP3A, CYP2C9 or 
CYP2C19 substrates, which may increase the risk of toxici‑
ties of these drugs (8). Hence, patients should be appropriately 
monitored, and dose adjustments should be considered for 
CYP1A2, CYP3A, CYP2C9 and CYP2C19 substrates, partic‑
ularly for those with a narrow therapeutic index, if clinically 
indicated (8,15,16).

DDI studies to evaluate the effect of rucaparib on the PK 
of UGT1A1 substrates have not been established, but a state‑
ment is included in the summary of the product characteristics 
(SmPC) to indicate that special caution should be paid when 
rucaparib is combined with UGT1A1 substrates (i.e. irino‑
tecan) in patients with cancer and UGT1A1*28 (15,16).

Talazoparib. Talazoparib undergoes minimal hepatic 
metabolism (<10%) (17,18). The identified metabolic pathways 
instead include mono‑oxidation, dehydrogenation, cysteine 
conjugation of mono‑desfluoro‑talazoparib and glucuronide 
conjugation  (17,18,40). Following oral administration of a 
single radiolabeled dose, no major circulating metabolites 
were identified in plasma, and talazoparib was the only circu‑
lating drug‑derived entity identified (17). Therefore, inhibition 
or induction of metabolism is unlikely to affect the talazoparib 
exposure (17,18).

In vitro, talazoparib has not been revealed to be an inhib‑
itor of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, 

CYP2D6 or CYP3A4/5, or an inducer of CYP1A2, CYP2B6 
or CYP3A4 at clinically relevant concentrations  (17,18). 
Furthermore, talazoparib is not an inhibitor of UGT isoforms 
(UGT1A1, UGT1A4, UGT1A6, UGT1A9, UGT2B7 and 
UGT2B15)  (17). As such, clinically significant DDIs are 
unlikely to occur when talazoparib is combined with other 
CYP or UGT substrates (17,18).

Veliparib. Based on a PK study conducted in patients with 
cancer, veliparib is metabolized by multiple CYP enzymes, 
including CYP1A2, CYP2D6, CYP2C19 and CYP3A4, 
with CYP2D6 playing a key role in the formation of M8, the 
primary active metabolite in humans (19). It was reported 
that 79.4% of the veliparib dose was excreted in the urine as 
the unmetabolized drug, indicating that metabolism contrib‑
utes to at most 30% of total clearance  (19,21). Veliparib 
is metabolized by multiple pathways, including oxidation 
catalyzed by CYP enzymes and UGT‑mediated N‑carbamoyl 
glucuronidation (21,41). The contribution of CYP enzymes 
to total veliparib clearance remains unclear, but may not be 
significant. Based on these findings, CYP enzyme polymor‑
phisms or co‑administration of veliparib with CYP enzymes 
inhibitors or inducers likely would not cause any clinically 
relevant metabolism‑related DDIs (19,21,41).

Veliparib has not been demonstrated to inhibit activities of 
CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, 
CYP2B6, CYP2C8 and CYP3A4, or to induce the activities of 
CYP1A2, CYP2B6, CYP2C9 and CYP3A4 at clinically rele‑
vant concentrations (21). Therefore, veliparib is not likely to 
cause any clinically relevant CYP enzyme‑related DDIs (21).

Figure 2. Metabolic pathways related to PARP inhibitors. Olaparib, rucaparib and veliparib are primarily metabolized by the CYP enzymatic pathway, 
and subsequently, the metabolites that are produced go under glucuronide or sulfate conjugation. Talazoparib undergoes minimal hepatic metabolism, and 
niraparib is metabolized primarily by carboxylesterases to form a major inactive metabolite, and subsequently undergoes glucuronidation. Talazoparib and 
veliparib are excreted primarily in the urine, whereas rucaparib is excreted primarily in the feces. For olaparib and niraparib, the average percent recovery of 
the administered dose presents no difference in urine and feces. PARP, poly (ADP‑ribose) polymerase; UGTs, uridine diphosphate glucuronosyl transferases; 
SULT, sulfotransferases; CYP, cytochrome P450.
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5. Conclusions

PK‑based DDIs occur when one agent influences the absorp‑
tion, distribution, metabolism or excretion of another agent. 
Altered metabolism is among the most complex of these 
processes (42). Of the five aforementioned PARP inhibitors, 
olaparib is primarily metabolized by CYP3A  (11), ruca‑
parib has a low metabolic turnover rate and is metabolized 
primarily by CYP2D6, and to a lesser extent by CYP1A2 
and CYP3A4  (15), and talazoparib undergoes minimal 
hepatic metabolism (17). Veliparib is metabolized by multiple 
metabolic enzymes, with CYP2D6 as the major enzyme and 
nearly 13% of veliparib undergoing hepatic metabolism by the 
activity of CYP2D6 (19). Niraparib is primarily metabolized 
by CEs, with subsequent metabolism by UGT into inactive 
metabolites (13). As the metabolism of these five PARP inhibi‑
tors involves CYP enzymes to varying degrees, each has a 
unique set of DDIs. For example, for olaparib, the concurrent 
use with strong or moderate CYP3A inhibitors and inducers 
should be avoided, or if unavoidable, the dose of olaparib must 
be adjusted (7,11,12,33). Conversely, the co‑administration of 
CYP inhibitors or inducers with niraparib, rucaparib, tala‑
zoparib or veliparib would likely not cause clinically significant 
DDIs (13‑19,27,37,41). In addition, PARP inhibitors themselves 
may cause the inhibition or induction of CYP enzymes. With 
the use of olaparib, niraparib or rucaparib, caution should be 
exercised when used with sensitive CYP substrates, particu‑
larly those with a narrow therapeutic margin (11‑16,33,34). As 
talazoparib and veliparib are neither inhibitors nor inducers of 
CYP enzymes at clinically relevant concentrations, clinically 
significant DDIs appear unlikely to occur in combination with 
other CYP substrates (17‑19,21).

CYP enzymes are primarily localized in the liver 
and small intestines, and as such they could make a major 
contribution to the first‑pass elimination of substrate drugs 
after oral administration  (43). There are both similarities 
and differences between the hepatic and intestinal CYP 
enzymes (44). For example, while the drug rifampin could 
induce both hepatic and intestinal CYP3A, grapefruit juice 
appears to be selective for intestinal CYP3A (45). For certain 
orally administered drugs, intestinal metabolism could 
eliminate a large proportion of the drugs before they are 
able to enter the systemic circulation. Orally administered 
drugs that are intestinal CYP substrates not only suffer from 
low oral bioavailability, but they are also more likely to be 
susceptible to DDIs with other CYP substrates, inhibitors or 
inducers. However, the hepatic CYP metabolism, intestinal 
CYP metabolism and transporters are both involved in the 
first‑pass elimination; thus, distinguishing the intestinal CYP 
metabolism related DDIs from the others could be difficult, 
and clinical studies regarding DDIs mediated by intestinal 
CYP enzymes are at present lacking.

In the liver, drugs are metabolized by phase I and II drug 
metabolizing enzymes. Given the predominant role of CYP 
enzymes in the metabolism of drugs, the majority of studies 
investigating drugs as either culprits or casualties of DDIs 
arising from enzyme inhibition or induction have focused 
on CYP inhibitors, inducers or substrates  (33,38,43,44). 
However, for certain drugs, phase  II metabolism through 
UGTs or SULTs is dominant in their metabolism, and may 

Ta
bl

e 
II

I. 
D

D
Is

 b
et

w
ee

n 
po

ly
 (A

D
P‑

rib
os

e)
 p

ol
ym

er
as

e 
in

hi
bi

to
rs

 a
nd

 o
th

er
 e

nz
ym

e 
su

bs
tra

te
s.

D
ru

gs
	

M
et

ab
ol

ic
 su

bs
tra

te
s	

A
U

C
R

	
C

m
ax

R
	

R
ec

om
m

en
da

tio
ns

	
(R

ef
s.)

O
la

pa
rib

 	
M

id
az

ol
am

	
1.

61
	

1.
18

	
C

au
tio

n 
sh

ou
ld

 b
e 

us
ed

 w
he

n 
ol

ap
ar

ib
 is

 c
om

bi
ne

d 
w

ith
 se

ns
iti

ve
 C

Y
P3

A
 su

bs
tra

te
s o

r a
ge

nt
s w

ith
 a

 n
ar

ro
w

	
(3

3,
34

)
				





th

er
ap

eu
tic

 in
de

x
	

R
al

te
gr

av
ir	

1.
07

	
1.

04
	

R
es

tri
ct

in
g 

th
e 

co
nc

om
ita

nt
 u

se
 o

f o
la

pa
rib

 w
ith

 U
G

T1
A

1 
su

bs
tra

te
s i

s n
ot

 re
co

m
m

en
de

d.
	

N
ira

pa
rib

 	
N

A
	

N
A

	
N

A
	

C
au

tio
n 

sh
ou

ld
 b

e 
us

ed
 w

he
n 

ni
ra

pa
rib

 is
 c

om
bi

ne
d 

w
ith

 C
Y

P1
A

2 
su

bs
tra

te
s w

ith
 a

 n
ar

ro
w

 th
er

ap
eu

tic
 in

de
x.

	
(1

3,
14

)
R

uc
ap

ar
ib

 	
C

af
fe

in
e	

2.
55

	
1.

00
	

D
os

e 
ad

ju
st

m
en

ts
 sh

ou
ld

 b
e 

co
ns

id
er

ed
 fo

r C
Y

P1
A

2,
 C

Y
P3

A
, C

Y
P2

C
9 

an
d 

C
Y

P2
C

19
 su

bs
tra

te
s,	

(8
,1

5,
16

)
	

S‑
w

ar
fa

rin
	

1.
49

	
1.

05
	

pa
rti

cu
la

rly
 fo

r t
ho

se
 w

ith
 a

 n
ar

ro
w

 th
er

ap
eu

tic
 in

de
x.

	
	

O
m

ep
ra

zo
le

	
1.

55
	

1.
09

		


	
M

id
az

ol
am

	
1.

38
	

1.
13

		


Ta
la

zo
pa

rib
 	

N
A

	
N

A
	

N
A

	
C

lin
ic

al
ly

 si
gn

ifi
ca

nt
 D

D
Is

 a
pp

ea
r u

nl
ik

el
y 

to
 o

cc
ur

 b
et

w
ee

n 
ta

la
zo

pa
rib

 a
nd

 o
th

er
 C

Y
P 

or
 U

G
T 

su
bs

tra
te

s.	
(1

7,
18

)
Ve

lip
ar

ib
 	

N
A

	
N

A
	

N
A

	
Ve

lip
ar

ib
 is

 n
ot

 li
ke

ly
 to

 c
au

se
 a

ny
 c

lin
ic

al
ly

 re
le

va
nt

 m
et

ab
ol

is
m

‑r
el

at
ed

 D
D

Is
.	

(1
9,

21
) 

D
D

Is
, d

ru
g‑

dr
ug

 in
te

ra
ct

io
ns

; C
Y

P,
 c

yt
oc

hr
om

e 
P4

50
; U

G
Ts

, u
rid

in
e 

di
ph

os
ph

at
e 

gl
uc

ur
on

os
yl

 tr
an

sf
er

as
es

; A
U

C
R

, r
at

io
 o

f t
he

 A
U

C
; C

m
ax

R
, r

at
io

 o
f t

he
 C

m
ax

; N
A

, n
ot

 a
pp

lic
ab

le
/n

ot
 a

va
ila

bl
e.



ZHAO et al:  METABOLISM-RELATED PHARMACOKINETIC DRUG-DRUG INTERACTIONS WITH PARP INHIBITORS8

also be implicated in DDIs, in particular glucuronida‑
tion (46). UGT enzymes catalyze the conjugation of various 
endogenous (e.g., bilirubin) and exogenous (e.g., drugs) 
compounds, thereby inhibition or induction of UGT enzymes 
may significantly alter the elimination of UGT substrates 
and lead to clinically significant DDIs (47,48). While UGT 
enzymes are involved in the phase II metabolism of the five 
aforementioned PARP inhibitors (11‑19), the effect of UGT 
inhibitors and inducers on the PK of PARP inhibitors has not 
been established.

For screening of new drugs for the inhibition of UGT 
enzymes, the Food and Drug Administration and European 
Medicines Agency DDI guidelines recommend study of 
the inhibition of UGT enzymes known to be involved in 
DDIs, including UGT1A1 and UGT2B7, if one of the major 
elimination pathways of the investigational drug is direct 
glucuronidation (49,50). Previous studies have demonstrated 
that human liver microsomes and recombinant proteins as 
the enzyme sources, together with in vitro‑in vivo extrapola‑
tion approaches, could predict the likelihood of interactions 
arising from UGT enzyme inhibition in vivo (51‑53). Based 
on in  vitro data, olaparib is an inhibitor of UGT1A1 
and rucaparib is a weak inhibitor of UGT1A1, whereas 
neither niraparib nor talazoparib are inhibitors of UGT 
isoforms (11‑18). Clinical studies regarding the effects of 
PARP inhibitors on the PK of UGT substrates have not yet 
been established, but PBPK modeling predicts that olaparib 
may increase the AUC of raltegravir (a UGT1A1 substrate) 
by 7% and the Cmax by 4%, which is not considered to be 
clinically meaningful (11,12,33). In addition, a statement is 
included in the SmPC to reflect that special caution should 
be paid when rucaparib is co‑administered with UGT1A1 
substrates  (15,16). As niraparib and talazoparib are not 
inhibitors of UGT isoforms, clinically significant DDIs 
appear unlikely to occur when niraparib and talazoparib are 
combined with other UGT substrates.

The clinical significance of DDIs depends on several 
factors including the PK/PD relationship, the genetic poly‑
morphisms, the therapeutic index of the victim drug, the 
potency and concentration of the inhibitor or inducer, the 
bioavailability of the victim drug, whether the victim drug 
is a prodrug or an active drug, and the effects of disease on 
PK and PD parameters (10). An interaction should be consid‑
ered clinically significant if it leads to unfavorable outcomes 
such as reduced treatment efficacy or increased adverse drug 
reactions (ADRs). However, few DDI studies are conducted 
in patient populations to evaluate therapeutic outcomes, nor 
are they long enough to completely assess the development 
of ADRs.

PK‑based DDI studies often use a no effect boundary of 
80‑125% to determine whether an interaction is clinically 
significant. With this approach, if the AUC is contained 
completely between 80 and 125%, the interaction is consid‑
ered not clinically significant. However, this default no effect 
boundary may occasionally be inappropriate, particularly 
for medications with a narrower therapeutic index (10). For 
example, for certain medications, a 20% increase in AUC may 
lead to severe side effects. Thus, the no effect boundary should 
be individualized for a given drug whenever possible with the 
exposure‑response data.

In order to detect patients at risk from harmful DDIs, any 
potential DDIs must be identified. Several methods are avail‑
able for reducing the risk of clinically significant interactions, 
such as PBPK models and population PK studies (33,54,55). 
Furthermore, to make DDI information more accessible, 
several DDI screening software programs and databases have 
been developed and are being implemented as clinical decision 
support tools (56,57). However, understanding DDIs remains 
an ongoing challenge and significant gaps in our knowledge 
remain. In addition, numerous studies have concentrated on 
representative DDIs between two medicines, but it is quite 
common for patients to be receiving more than two medi‑
cines at one time. As such, the DDIs could be very complex 
and exceedingly difficult to predict. Thus, therapeutic drug 
monitoring (TDM) may be a favorable option in managing 
DDIs (58,59). For numerous drugs there is a clear relationship 
between plasma concentrations, ADRs and treatment efficacy, 
and dose adjustments could be made if plasma concentrations 
are outside of the therapeutic range (60). Furthermore, TDM 
has the advantage of monitoring drug treatment continuously 
over long periods of time, which may bring about improved 
treatment outcomes  (61). Further research is required to 
confirm the clinical relevance of TDM as a tool in DDI 
management.

Ultimately, in order to achieve the improved manage‑
ment of DDIs, clinicians and clinical pharmacists should be 
consulted to perform a complete assessment of the DDI risk 
for a given patient, to give recommendations to reduce these 
risks and to arrange subsequent patient monitoring measures.
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