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Aim: This phase I study investigated talazoparib pharmacokinetics (PK) and safety in

patients with advanced solid tumours and varying degrees of hepatic function.

Methods: Patients with advanced solid tumours and normal hepatic function or

varying degrees of hepatic impairment (mild, moderate or severe, based on National

Cancer Institute Organ Dysfunction Working Group classification) received

talazoparib 0.5 mg once daily for 22 calendar days. Plasma and urine samples after

single and multiple doses were collected and analysed for talazoparib using validated

assays. Plasma PK data from all patients were analysed using the population PK

method. Plasma and urine PK parameters in PK-evaluable patients were calculated

using noncompartmental analysis (NCA). Safety was monitored in all enrolled patients.

Results: Thirty-eight patients were enrolled; 37 had ≥1 PK concentration, among

which 17 were evaluable for NCA. Population PK analysis (n = 37) indicated no sig-

nificant impact of hepatic function on apparent clearance (CL/F) of talazoparib. Base-

line creatinine clearance was the only significant covariate on CL/F (α = 0.05). NCA

of data (n = 17) showed no clear trend for increase in exposure on day 22 with wors-

ening hepatic function. Talazoparib protein binding was comparable in patients with

varying hepatic function. Talazoparib was generally well tolerated, and the safety pro-

file observed in this study was consistent with the known safety profile of the drug.

Conclusions: Hepatic impairment (mild, moderate or severe) has no impact on the PK

of talazoparib. No dose modification is recommended for patients with advanced solid

tumours and various degrees of hepatic impairment, and this labelling language has

been approved by the US Food and Drug Administration and the European Medicines

Agency.
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1 | INTRODUCTION

Talazoparib is a poly(ADP-ribose) polymerase (PARP) inhibitor that

has been approved for use as a monotherapy in the United States

(2018) and the European Union (2019) for the treatment of

germline BRCA-mutated human epidermal growth factor receptor

2 (HER2)-negative locally advanced/metastatic breast cancer.1,2

Treatment with talazoparib was generally well tolerated, with anae-

mia, fatigue and nausea being the most common adverse events

(AEs) observed in patients with advanced breast cancer.3,4 Grade

3-4 AEs were primarily hematologic and occurred in 55% of patients

on talazoparib.3

Following repeated once-daily (QD) dosing of talazoparib 1 mg in

patients with advanced tumours, talazoparib was rapidly absorbed

with median time to maximum concentration (Tmax) ranging from 1.0

to 2.0 hours.5,6 The mean half-life of talazoparib is 89.8 hours follow-

ing administration of a single dose in patients with advanced cancer,7

and steady state was reached after 2-3 weeks of daily dosing.6,8 On

the basis of phase I mass balance study in vitro and in vivo data,

talazoparib underwent minimal hepatic metabolism and was predomi-

nantly excreted unchanged via the renal route (54.6% of the adminis-

tered dose), while unchanged talazoparib recovered in the faeces

accounted for 13.6%.7 A previous population pharmacokinetic

(PK) analysis using pooled data from four clinical studies that included

490 patients indicated that talazoparib exposure was affected by

Asian race, renal impairment and concomitant administration with

strong P-glycoprotein (P-gp) inhibitors.8 The impact of strong P-gp

inhibitors and renal impairment was confirmed by two specific phase I

studies.9,10

Hepatic impairment may affect the PK of a drug through multiple

mechanisms, such as altering the metabolism, biliary secretion and

protein binding of drugs, or shunting of blood past the liver.11

Although hepatic elimination plays a much lesser role in the clearance

of talazoparib than renal excretion, the potential impact of moderate

or severe hepatic impairment on talazoparib PK cannot be ruled out.8

A previous population PK analysis indicated that there was no effect

of mild hepatic impairment on talazoparib exposure.8 In addition, AE

profiles were generally comparable between patients with hepatic

impairment and those with normal hepatic function.12 In the phase III

EMBRACA study (NCT01945775), for patients receiving talazoparib

1 mg QD, the biggest difference in AE incidence between hepatic

function groups was for thrombocytopenia (27.8% in the mild hepatic

impairment group vs 12.1% in the normal hepatic function group).

Thrombocytopenia was also reported at a higher incidence in patients

with hepatic impairment in the physician's choice treatment arm

(11.1% vs 3.3%).12 However, talazoparib had not been studied in

patients with moderate or severe hepatic impairment. To address

these knowledge gaps, this study was conducted to evaluate the PK

and safety of talazoparib following daily administration in patients

with advanced solid tumours and varying degrees of hepatic impair-

ment compared with patients with normal hepatic function. This study

aimed to support dose recommendations for talazoparib in patients

with varying degrees of hepatic impairment.

2 | METHODS

2.1 | Study design

In this open-label, nonrandomized, multicenter, phase I study

(NCT02997176), eligible patients were assigned to one of four groups

based on hepatic function per National Cancer Institute Organ Dys-

function Working Group (NCI-ODWG) classification at study enrol-

ment (day �1): normal hepatic function (Group A), mild hepatic

impairment (Group B), moderate hepatic impairment (Group C) and

severe hepatic impairment (Group D). See Supporting Information

Table S1 for NCI-ODWG classification.

Patients received oral talazoparib 0.5 mg QD for 22 calendar

days. Patients were enrolled in parallel, and the enrolment was to be

continued until at least six patients were evaluable for

noncompartmental analysis (NCA) in each of the four study groups.

Patients were considered evaluable for NCA (ie, PK-evaluable) if they

What is already known about this subject

• Although renal excretion is the primary route of

talazoparib elimination, the potential impact of hepatic

impairment on talazoparib clearance cannot be ruled out.

• A previous population pharmacokinetic analysis indicated

that there was no effect of mild hepatic impairment on

talazoparib exposure. The effects of moderate or severe

hepatic impairment are unknown.

What this study adds

• Varying degrees of hepatic impairment have no signifi-

cant impact on talazoparib exposure or clearance, and

thus no dose modification is recommended in patients

with advanced solid tumours and varying degrees of

hepatic impairment.
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met the following criteria: completed the day 22 visit and missed ≤5

consecutive doses of talazoparib, received at least 10 consecutive

days of talazoparib 0.5 mg without dosing interruption prior to day

22 PK sample collection, completed at least 85% of total plasma PK

sample collection, and had not vomited the drug on day 1 and/or the

final day of dosing. Treatment compliance was assessed based on

patients’ used/unused study drug containers and their study drug

diary.

Following evaluation by the principal investigator and approval of

the sponsor, eligible patients could continue talazoparib treatment in

a separate open-label extension (OLE) study (NCT02921919).

The study was concluded before reaching six PK-evaluable

patients in the moderate and severe hepatic impairment groups due

to extreme difficulties in enrolment and a low PK-evaluable rate of

enrolled patients. Results from an analysis of data from 34 patients

collected by November 8, 2019, demonstrated that current data

were sufficient to address the objective of this study by using popu-

lation PK analysis in addition to NCA. Therefore, the sponsor and

the US Food and Drug Administration (FDA) agreed to terminate

the study.

2.2 | Patient eligibility

Eligible patients were male or female and ≥18 years of age with histo-

logically or cytologically confirmed advanced solid tumours with no

available standard treatment options as per investigator assessment.

Patients were included on the basis of an Eastern Cooperative Oncol-

ogy Group (ECOG) performance status of ≤2, life expectancy of

≥3 months and hepatic function at screening/enrolment classified by

NCI-ODWG criteria as either normal function or mild, moderate or

severe impairment. Patients were required to have adequate

haematology and renal function at screening and enrolment.

The main exclusion criteria were prior treatment with any sys-

temic anticancer therapy or investigational drug within 14 days or

five half-lives (whichever was longer) prior to enrolment, or use of a

P-gp inhibitor or inducer, or an inhibitor of breast cancer resistance

protein within 7 days or five half-lives (whichever was longer) prior

to day 1. Additional eligibility criteria and a full list of excluded con-

comitant medications (Table S2) are detailed in Supporting

Information.

2.3 | Analysis sets

The PK concentration set was defined as patients who received at

least one dose of talazoparib and had at least one reportable

talazoparib concentration; this set was used for the population PK

analysis. The PK-evaluable analysis set included patients who met the

PK-evaluable criteria for NCA (defined under ‘Study design’) and had

at least one defined talazoparib PK parameter of primary interest at

the day 22 visit. The safety analysis set included all patients who

received any amount of talazoparib.

2.4 | PK assessment

On day 1 (single dose) and day 22 (multiple dose), serial plasma PK

samples were taken at predose and 0.5, 1, 2, 4, 6, 8-12 and 24 hours

postdose. On days 8 and 15, predose plasma PK samples were col-

lected. A single void urine sample was collected predose on day 1, and

all urine voided postdose on days 1 and 22 was collected at intervals

of 0-12 hours and 12-24 hours. In addition, plasma samples were col-

lected at 2 hours postdose on days 1 and 22 for protein binding mea-

surement. If plasma protein binding is comparable across hepatic

function groups, total plasma concentration will be used for PK analy-

sis. See the Supporting Information for a description of bioanalytical

methods and assay performance.10

2.5 | Software

The software used for NCA and population PK analysis is described in

the Supporting Information.

2.6 | NCA and statistical analysis

Primary endpoints included area under the concentration-time curve

from 0 to 24 hours (AUC0�24), maximum observed plasma concentra-

tion (Cmax), unbound AUC0�24 (AUC0�24u) and unbound Cmax (Cmaxu)

at steady state (day 22). Secondary PK parameters were the

talazoparib plasma Tmax, predose concentration, apparent clearance

from plasma after oral administration (CL/F), accumulation ratio (Rac),

fraction of unbound drug in plasma (fu), unbound CL/F on day

22, amount of drug excreted in urine from time 0 to 24 hours

(Ae0�24), percentage of dose excreted in urine (Ae0�24%) and renal

clearance on day 22, as well as AUC0�24, Cmax, Tmax, fu, AUC0�24u,

Cmaxu, Ae0�24 and Ae0�24% on day 1.

PK parameters obtained from NCA were summarized descrip-

tively by hepatic function. PK parameters (AUC0�24, Cmax, AUC0�24u

and Cmaxu on day 22 from the PK-evaluable analysis set) were natural

log-transformed and analysed using an analysis of variance (ANOVA)

model with group as a fixed effect to compare each hepatic impair-

ment group (mild, moderate; Test) with the normal hepatic function

group (Reference). Group D was not included in the ANOVA analysis

due to the limited sample size (N = 2).

2.7 | Population PK analysis

2.7.1 | Data for analysis

All total talazoparib plasma concentration data from the PK concen-

tration set were used for the population PK analysis, except that

below limit of quantification (BLQ) data were omitted from the analy-

sis, since the percentage of postdose BLQ data among all of the PK

observations was low (1%).

3394 GUO ET AL.



2.7.2 | Base model development

Talazoparib PK was described using a two-compartmental model

with first-order absorption described earlier8 and defined by the

following parameters: CL/F, apparent volume of distribution of

central compartment (V2/F), apparent volume of distribution of

peripheral compartment (V3/F), intercompartmental clearance

(Q/F), first-order absorption rate constant (ka) and lag time (TLAG).

To account for the large intrapatient PK variability as evidenced by

the different shape of PK profiles between day 1 and day 22 and

to obtain the best fit of the data, models that contain different

population typical values for V2/F, V3/F and Q/F for day 22 (time-

varying parameters) were explored. The equation below describes

the typical value of V2/F on day 22 in relation to those prior to day

22 (ie, days 1, 8 and 15).

V2=Fonday22¼V2=F� 1þV2DAY22ð Þ

where V2DAY22 represents the fold change of V2/F on day 22 com-

pared to those on days prior to day 22. Similar equations apply to

V3/F and Q/F, while population typical values for CL/F, ka and TLAG

were kept the same for all the visit days.

2.7.3 | Inclusion of covariates

Statistical testing of relevant covariates was performed by a step-

wise covariate model building procedure (SCM) with statistical

criteria of α = 0.05 for forward inclusion and α = 0.001 for back-

ward elimination. The following covariates were tested in the SCM

on CL/F and V2/F, respectively: baseline body weight (BWT), race

and age. Since the primary objective of this analysis is to assess

the impact of hepatic impairment on CL/F and baseline albumin,

baseline aspartate aminotransferase and baseline total bilirubin

were correlated with liver function. These covariates were not

included in the covariate analysis to maximize the potential to see

hepatic function as a covariate. Baseline creatinine clearance

(BCCL) was not included in the initial SCM since BCCL was calcu-

lated using the Cockcroft-Gault equation and thus correlated with

demographic factors BWT and age. After the elimination algorithm

of the SCM, BCCL was tested as a covariate on CL/F. Next,

hepatic function group based on NCI-ODWG (LIVER) was tested as

a categorical covariate on CL/F.

2.7.4 | Final model and assessment of final model

If the inclusion of BCCL and/or LIVER led to a drop in objective func-

tion value (OFV) of >3.84 (ie, reaching statistical difference at

α = 0.05), they would be included in the final model.

Outliers in both the base and final models were identified

using the criteria conditional weighted residuals with interaction

(CWRESI) of >6. The outliers were considered influential if the key

parameter estimates differed by more than 20% with and without

the outliers.

Goodness-of-fit of different models was evaluated using standard

methods. Model validation was conducted by using visual predictive

check (VPC) and prediction-corrected visual predictive check (pcVPC)

based on the parameter estimates from the final model. The software

used in this analysis is described in the Supporting Information.

2.8 | Safety assessment and statistical analysis

Safety was evaluated at screening, at enrolment and during the treat-

ment period by incidence of AEs, including AEs of special interest and

serious AEs (SAEs), physical examination and vital signs, ECOG perfor-

mance status, electrocardiogram and clinical laboratory tests. Results

were reported descriptively as all-causality treatment-emergent

adverse events (TEAEs) and treatment-related TEAEs. Safety analyses

were performed using the safety population and were summarized

descriptively by hepatic function group.

3 | RESULTS

3.1 | Patient population

Since November 2019, when the interim results were presented to the

FDA, four additional patients have been enrolled, none of whom were

evaluable for NCA. In total, 38 patients were enrolled and received

talazoparib between September 2016 and February 2020, and PK sam-

ples were collected for 37 patients. Only 17 patients (44.7%) were eva-

luable for NCA (n = 6, 6, 3 and 2 for groups A, B, C and D,

respectively). Compared with the limited PK data evaluable for NCA,

PK data from all 37 patients were utilized in the population PK analysis

to evaluate the effect of hepatic impairment on talazoparib PK. More

than half of patients (21/38 [55.3%]) enrolled in the OLE study and

continued talazoparib treatment. Demographic information and disease

characteristics of all enrolled patients are presented in Table 1.

3.2 | NCA

Summary statistics of PK parameters on day 22 are presented by

hepatic function group in Table 2. Summary statistics for group D were

not available due to the limited number of patients who met the PK-

evaluable criteria (N = 2). The median Tmax values on day 22 visits were

similar across different hepatic function groups ranging from 1.05 to

2.13 hours. Large variability (coefficient of variation [CV%]) was

observed for AUC0�24 and Cmax in groups A, B and C, with the largest

variability observed in group B. No clear trend for increasing exposure

or decreasing CL/F with worsening hepatic function was observed on

day 22. Similarly, Rac was comparable among groups. The results of the

statistical comparisons of AUC0�24 and Cmax on day 22 from the final

statistical model (ANOVA analysis) are summarized in Supporting

GUO ET AL. 3395



Information Table S3. The 90% confidence intervals (CIs) of the geo-

metric mean ratio for AUC0�24 and Cmax in group B/group A and group

C/group A encompassed 100%, indicating no statistically significant

effect of hepatic function on AUC0�24 and Cmax. However, no conclu-

sion can be made with regard to the impact of hepatic impairment on

talazoparib PK based on NCA results because of large variability and

small sample size (three and two PK-evaluable participants for groups C

and D, respectively).

No trend was observed in the geometric mean fu of talazoparib in

plasma with worsening hepatic function. Therefore, the conclusions

of this study were based on the results obtained from the analyses of

talazoparib total plasma PK parameters, and the population PK analy-

sis was based on total concentration data.

3.3 | Population PK analysis

Supporting Information Table S4 shows the baseline characteristics

of patients in the PK concentration set, which included

485 observations from 37 patients (seven, nine, five and 16 patients

in groups A, B, C and D, respectively). The majority of patients (84%)

were White (Asian, n = 3) and had a normal renal function (23/37

[62%]), with a median BCCL of 106.3 mL/min. On average, there were

13.1 post-treatment PK samples per patient with a range of seven to

17 PK samples per patient; one patient had three post-dose PK

samples.

Talazoparib PK was well characterized using a two-

compartmental PK model with first-order absorption and TLAG. Dif-

ferent sets of V2/F, V3/F and Q/F values on day 22 were used to

account for the different shapes of PK profiles on different days. The

PK parameter estimates for the base model (model #2) are shown in

Table 3. Since there was no correlation between BCCL and CL/F

when BCCL was >90 mL/min in the base model (Supporting Informa-

tion Figure S1), BCCL was capped at 90 mL/min for patients with nor-

mal renal function (defined as BCCL >90 mL/min) in the covariate

analysis. Covariate analysis showed that BCCL was a significant covar-

iate on CL/F at the α = 0.05 level but not at α = 0.001. BCCL was

included as a covariate in model #2 before testing LIVER as a

TABLE 1 Patient demographics and disease characteristics: safety analysis set

Normal hepatic

function (N = 7)

Mild hepatic

impairment (N = 10)

Moderate hepatic

impairment (N = 5)

Severe hepatic

impairment (N = 16)

All patients

(N = 38)

Age (y)

Mean (SD) 60.3 (7.61) 56.6 (17.08) 60.4 (6.31) 52.7 (11.98) 56.1 (12.40)

Median (range) 61.0 (52-73) 57.0 (33-84) 61.0 (53-67) 50.5 (37-75) 55.0 (33-84)

Gender, n (%)

Male 2 (28.6) 3 (30.0) 0 7 (43.8) 12 (31.6)

Female 5 (71.4) 7 (70.0) 5 (100) 9 (56.3) 26 (68.4)

Race, n (%)

White 5 (71.4) 8 (80.0) 5 (100) 13 (81.3) 31 (81.6)

Asian 1 (14.3) 2 (20.0) 0 1 (6.3) 4 (10.5)

Other 1 (14.3) 0 0 2 (12.5) 3 (7.9)

Weight (kg)

Median (range) 79.70 (63.3-105.2) 61.80 (46.6-83.5) 67.40 (65.7-105.5) 68.10 (41.7-86.8) 67.25 (41.7-105.5)

Primary cancer site, n (%)

Breast 3 (42.9) 2 (20.0) 3 (60.0) 4 (25.0) 12 (31.6)

Colorectal 0 2 (20.0) 0 5 (31.3) 7 (18.4)

Liver 0 1 (10.0) 0 3 (18.8) 4 (10.5)

Pancreas 0 2 (20.0) 0 1 (6.3) 3 (7.9)

Bile duct 0 1 (10.0) 0 1 (6.3) 2 (5.3)

Othera 4 (57.1) 2 (20.0) 2 (40.0) 2 (12.5) 10 (26.3)

ECOG performance status, n (%)

0 2 (28.6) 0 0 0 2 (5.3)

1 5 (71.4) 9 (90.0) 3 (60.0) 11 (68.8) 28 (73.7)

2 0 1 (10.0) 2 (40.0) 5 (31.3) 8 (21.1)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; N, number of patients in the group; n (%), number and percent of patients used in the

calculation; SD, standard deviation.

ECOG performance status on the last assessment prior to study drug treatment is used.
aOther includes primary cancer sites that contain <2 patients and unknown primary sites.
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categorical covariate on CL/F in model #3. LIVER was found not to be

significant at the α = 0.05 level. The estimated PK parameter values

and associated statistics for model #3 are shown in Table 3. Numeri-

cally, it was estimated that patients with mild, moderate and severe

hepatic impairment had 14.4%, 26.7% and 18.5% lower CL/F than

patients with normal hepatic function based on model #3. However,

the addition of LIVER as a covariate on CL/F (model #3) resulted in

ΔOFV of �1.309 compared with model #2 (BCCL alone as a covariate

on CL/F), which was not statistically significant. Interindividual vari-

ance of CL/F in model #3 (44.7%; Table 3) was similar to that of

model #2 (45.4%), indicating that inclusion of hepatic function did

not help explain the interpatient variability of CL/F. Furthermore,

the 95% CI for the estimated effect of hepatic impairment on

CL/F encompassed zero (Table 3); therefore, hepatic function had no

statistically significant impact on CL/F and model #2 was the final

model.

Overall, the final PK model described the observed data reason-

ably well, as shown by the diagnostic plots (Figure 1), and the

predictive capability of the final PK model was validated through VPC

and pcVPC (Figure 2).

One outlier was identified in the model development. When

this outlier was excluded from the analysis, estimates for the key

parameters were similar (<10% difference) to those when the out-

lier was included in both the base and final models. SCM

results were comparable when the outlier was included; therefore,

the final model was based on the entire dataset, including the

outlier.

3.4 | Safety

Overall, 31 patients (81.6%) experienced ≥1 all-causality TEAE, of

which 19 patients (50%) reported ≥1 TEAE of grade ≥3. Hyponatremia

(five patients, 13.2%), hyperbilirubinemia (five patients, 13.2%) and

disease progression (four patients, 10.5%) were the most commonly

reported all-causality grade ≥3 TEAEs (Table 4). The most frequently

TABLE 2 Descriptive summary of plasma and urine talazoparib PK parameters following multiple oral 0.5-mg doses of talazoparib by hepatic
function (day 22): PK-evaluable analysis set

Parameter summary statisticsa by hepatic function group

Normal hepatic function Mild hepatic impairment Moderate hepatic impairment Severe hepatic impairment

Plasma PK

N, n 6, 6 6, 6b 3, 3 2, 2c

AUC0�24 (ng•h/mL) 111.8 (30) 159.0 (99) 123.6 (30) 243.0 (184, 302)

Cmax (ng/mL) 10.30 (23) 11.30 (65) 13.56 (23) 17.15 (11.6, 22.7)

Tmax (h) 1.50 (0.50, 2.13) 2.13 (1.05, 4.00) 1.05 (1.00, 2.75) 4.000 (2.08, 5.92)

CL/F (L/h) 4.471 (30) 3.144 (99) 4.044 (30) 2.187 (1.66, 2.72)

Rac 5.070 (24) 5.134 (68) 4.771 (31) 22.83 (22.8, 22.8)

Ctrough (ng/mL)d 2.624 (28) 3.699 (197) 3.553 (8) 6.225 (2.05, 10.4)

fu (%)e 26.98 (23) 27.71 (18) 27.10 (9) 34.72 (23.1, 45.4)

AUC0�24u (ng•h/mL) 30.17 (11) 45.08 (84) 33.50 (35) 64.97 (60.2, 69.8)

Cmaxu (ng/mL) 2.778 (27) 3.204 (56) 3.675 (28) 4.518 (3.79, 5.24)

CLu/F (L/h) 16.57 (11) 11.09 (84) 14.92 (35) 7.739 (7.17, 8.31)

Urine PK

N, n 6, 6 6, 5 3, 3 2, 2

Ae0�24 (mg) 0.2229 (30) 0.1819 (34) 0.1867 (32) 0.1475 (0.104, 0.191)

Ae0�24 (%) 44.58 (30) 36.36 (34) 37.40 (31) 29.50 (20.8, 38.2)

CLr (L/h) 1.993 (57) 1.449 (92) 1.510 (39) 0.5986 (0.565, 0.632)

Abbreviations: Ae0�24, amount of drug excreted in urine from time 0 to 24 hours post-dose; AUC0�24, area under the concentration-time curve from 0 to

24 hours; AUC0�24u, unbound AUC0�24; CL/F, apparent clearance from plasma after oral administration; CLr, renal clearance; CLu/F, unbound CL/F; Cmax,

maximum observed plasma concentration; Cmaxu, unbound Cmax; Ctrough, predose plasma drug concentration; fu, fraction of unbound drug in plasma; N,

number of PK-evaluable patients in each group; n, number of patients contributing to summary statistics (except for Rac, Ctrough and fu); NA, not available as

n is less than 3; PK, pharmacokinetics; Rac, accumulation ratio; Tmax, time to Cmax.
aGeometric mean (geometric coefficient of variation [CV%]) for all except median (range) for Tmax and arithmetic mean (min, max) for group D due to n = 2;
bn = 3 for Ctrough, n = 8 for fu and n = 5 for Rac;
cn = 5 for fu and n = 1 for Rac;
dFor Ctrough to be included in this summary, the plasma sample needs to be drawn within 24 ± 2 hours of the previous dose and not more than +10 min

after the drug administration on the PK collection day;
efu data from all patients including PK non-evaluable were included in the summary.
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reported SAE was disease progression (n = 4), all of which occurred in

the severe hepatic impairment group. However, none of the SAEs

reported were considered related to talazoparib by investigators. Nine

patients experienced ≥1 treatment-related TEAE, with fatigue the

most commonly reported, observed in four patients with normal

hepatic function, one patient with mild hepatic impairment and one

with severe hepatic impairment (n = 6, 15.8%; Table 5). Thrombocy-

topenia was the only ≥grade 3 TEAE considered related to talazoparib

reported in one patient with severe hepatic impairment (2.6%) and led

to permanent discontinuation of treatment. Two patients with moder-

ate hepatic impairment and 10 patients with severe hepatic impair-

ment permanently discontinued treatment because of AEs (12/38);

however, none was considered treatment related by investigators.

Similarly, of the eight patients (21.1%) that died (one patient with

moderate and seven patients with severe hepatic impairment), three

(7.9%) died because of progressive disease and five (13.2%) died

because of AEs not associated with talazoparib treatment by investi-

gator assessment.

4 | DISCUSSION

In this study, the effect of hepatic impairment on the PK and tolerabil-

ity of talazoparib after daily administration was evaluated in patients

with advanced solid tumours. Because of a limited number of PK-

evaluable patients with only three moderate and two severe hepatic

impairments evaluable for NCA, the conclusion for the PK assessment

was based on the population PK analysis using plasma concentration

data from 37 patients in the PK concentration analysis set. NCA using

data from the 17 PK-evaluable patients was included for

F IGURE 1 Diagnostic plots for final model. Time, time after the first dose. In the plots of log-transformed observed values versus
log-transformed predicted values, circle points represent individual data points; the solid line and dotted line show the reference line (diagonal
line) and linear regression line based on the individual data points, respectively. In the scatter plots of residuals, black circle points represent
individual data points; the red solid line and blue dotted line show the reference line (y = 0) and the smooth line using locally weighted
polynomial regression, respectively
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completeness. Safety conclusions were based on the safety analysis

set (38 patients).

The population PK analysis indicated that varying degrees of

hepatic impairment (including mild, moderate and severe) had no sig-

nificant impact on the clearance of talazoparib. This finding is corrobo-

rated by the NCA of data from 17 PK-evaluable patients, which

showed no clear trend for increase in plasma talazoparib AUC0�24 and

Cmax on day 22 with worsening hepatic function. This finding is also

consistent with renal excretion as the primary elimination pathway for

talazoparib and is aligned with the previous population PK analysis

that showed no significant association of mild hepatic impairment on

talazoparib PK.8

Using different sets of population typical values for V2/F, V3/F

and Q/F on day 22 as the base model was an empirical approach to

better fit the individual PK profiles on both day 1 and day 22. Single

CL/F was used for both day 1 and day 22, and was able to describe

the CL/F on both days well, which enabled the assessment of the

effect of hepatic function on CL/F. The OFV of the base model was

significantly lower than that of a model with time-constant parame-

ters (Supporting Information Table S5). A sensitivity analysis was per-

formed to assess the effect of hepatic impairment on CL/F with time-

constant parameters for V2/F, V3/F and Q, and showed no difference

in findings, as described in the Supporting Information.

In a previous population PK analysis, Asian race, renal impairment/

BCCL and concomitant administration with strong P-gp inhibitors were

found to be significant covariates on CL/F.8 As this study is a dedicated

hepatic impairment study, major factors known to affect the PK of

talazoparib were controlled, including prohibition of concomitant

administration with strong P-gp inhibitors. Talazoparib was taken under

fasting conditions at day 1 and day 22 visits, and the majority of

patients had normal renal function. Only three of the 37 patients in the

population PK dataset were Asian; therefore, this current study includes

a less diverse patient population than previous population PK analyses,

and some previously identified significant covariates were not applica-

ble in this analysis. The identification of BCCL as a significant covariate

on CL/F is consistent with the previous findings.8

Talazoparib was generally tolerated at a dose of 0.5 mg QD

for 22 days in patients with advanced solid tumours and varying

degrees of hepatic impairment, and results from this study were

consistent with the known safety profile of the drug. Similarly,

there were no unexpected safety findings identified, and reported

TEAEs were considered consistent with the disease under study

and the established safety profile of talazoparib.4 The frequency of

all-causality SAEs was higher in patients with severe hepatic impair-

ment; however, none of the SAEs reported in the study were con-

sidered related to talazoparib treatment by the investigator. Of the

eight deaths that occurred in this study, seven of which were in

patients with severe hepatic impairment, none were considered

related to talazoparib. However, since patients in the severe

hepatic impairment group had more advanced underlying disease,

F IGURE 2 (A) VPC for the final PK model. (B) Prediction- and variance-corrected VPC for the final PK model. pcVPC, prediction-corrected
visual predictive check; PK, pharmacokinetics; Time, time after first dose; VPC, visual predictive check. Observed concentration data points,
represented by blue scatter points, are shown here. The red lines represent the median (solid line), 5th percentile (lower dash line) and 95th
percentile (upper dash line) of the observed data. The median, 5th percentile and 95th percentile of simulated concentration values are
represented by black lines. 95% confidence intervals for simulated median and each percentile are shown by an orange shaded area for median
and a light-blue shaded area for the 5th and 95th percentiles
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TABLE 4 All-causality TEAEs that were grade 3 or higher by preferred term occurring in ≥5% of patients: safety analysis set

Preferred term

Normal hepatic

function (N = 7) n
(%)

Mild hepatic

impairment (N = 10)
n (%)

Moderate hepatic

impairment (N = 5) n
(%)

Severe hepatic

impairment (N = 16)
n (%)

All patients

(N = 38) n
(%)

Any grade 3 or higher TEAE 1 (14.3) 4 (40.0) 2 (40.0) 12 (75.0) 19 (50.0)

Blood and lymphatic system

disorders

0 1 (10.0) 0 4 (25.0) 5 (13.2)

Thrombocytopenia 0 0 0 2 (12.5) 2 (5.3)

Anaemia 0 1 (10.0) 0 2 (12.5) 3 (7.9)

Coagulopathy 0 0 0 1 (6.3) 1 (2.6)

Gastrointestinal disorders 0 0 0 2 (12.5) 2 (5.3)

Abdominal pain 0 0 0 1 (6.3) 1 (2.6)

Nausea 0 0 0 2 (12.5) 2 (5.3)

Vomiting 0 0 0 1 (6.3) 1 (2.6)

Intestinal obstruction 0 0 0 1 (6.3) 1 (2.6)

Respiratory, thoracic and

mediastinal disorders

0 1 (10.0) 0 1 (6.3) 2 (5.3)

Pleural effusion 0 1 (10.0) 0 0 1 (2.6)

Hypoxia 0 0 0 1 (6.3) 1 (2.6)

Reproductive system and

breast disorders

1 (14.3) 0 0 0 1 (2.6)

Breast pain 1 (14.3) 0 0 0 1 (2.6)

Neoplasms benign, malignant

and unspecified (including

cysts and polyps)

1 (14.3) 0 1 (20.0) 2 (12.5) 4 (10.5)

Malignant pleural effusion 1 (14.3) 0 0 0 1 (2.6)

Neoplasm progression 0 0 1 (20.0) 2 (12.5) 3 (7.9)

Cardiac disorders 0 1 (10.0) 0 1 (6.3) 2 (5.3)

Coronary artery occlusion 0 1 (10.0) 0 0 1 (2.6)

Cardio-respiratory arrest 0 0 0 1 (6.3) 1 (2.6)

Hepatobiliary disorders 0 1 (10.0) 1 (20.0) 5 (31.3) 7 (18.4)

Hyperbilirubinemia 0 0 1 (20.0) 4 (25.0) 5 (13.2)

Cholangitis 0 1 (10.0) 0 1 (6.3) 2 (5.3)

Metabolism and nutrition

disorders

0 0 1 (20.0) 5 (31.3) 6 (15.8)

Hyponatremia 0 0 1 (20.0) 4 (25.0) 5 (13.2)

Hyperkalaemia 0 0 0 2 (12.5) 2 (5.3)

Hypokalaemia 0 0 0 1 (6.3) 1 (2.6)

General disorders and

administration site

conditions

0 0 0 4 (25.0) 4 (10.5)

Disease progression 0 0 0 4 (25.0) 4 (10.5)

Nervous system disorders 0 0 0 2 (12.5) 2 (5.3)

Hepatic encephalopathy 0 0 0 2 (12.5) 2 (5.3)

Infections and infestations 0 0 0 2 (12.5) 2 (5.3)

Sepsis 0 0 0 2 (12.5) 2 (5.3)

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; n (%), number (percentage) of patients with reported grade 3 or higher TEAEs; N,

number of patients in the group; TEAE, treatment-emergent adverse event.

MedDRA version 23.0 was used to code AEs. Patients were counted once for each preferred term. Preferred terms were sorted in descending frequency

and then alphabetically.
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were possibly more heavily pre-treated and were in worse general

health condition, these factors provide a likely explanation for the

greater number of treatment discontinuations, AEs and the low PK-

evaluable rate in the severe hepatic impairment group compared

with the other groups.

This study showcased how a model-based approach was used to

address the enrolment and logistical challenges of assessing steady-

state PK in patients with cancer with hepatic impairment. Among the

patients nonevaluable for NCA, 81% of them were due to missing >5

doses consecutively. The reason for the high dose interruption/

discontinuation rate in patients with moderate and severe hepatic

impairment was due to AEs not related to talazoparib (eg, disease pro-

gression) and likely due to the patients' underlying condition. If study

enrolment had continued to achieve the planned number of evaluable

patients for NCA, it could likely take much longer to complete the

study and thereby delay the availability of dosing information for this

population.

In conclusion, this study, based on the results of the population

PK analysis and totality of the data, suggests that talazoparib can be

administered to patients with varying degrees of hepatic impairment

with no dose modification. This labelling language has been approved

by the US FDA and the European Medicines Agency.
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to certain criteria, conditions and exceptions.

TABLE 5 Treatment-related TEAEs that occurred in ≥5% of patients by preferred term: safety analysis set

Preferred term

Normal hepatic

function
(N = 7) n (%)

Mild hepatic

impairment
(N = 10) n (%)

Moderate hepatic

impairment
(N = 5) n (%)

Severe hepatic

impairment
(N = 16) n (%)

All patients
(N = 38) n (%)

Patients with at least one treatment-related TEAE 4 (57.1) 3 (30.0) 0 2 (12.5) 9 (23.7)

Fatigue 4 (57.1) 1 (10.0) 0 1 (6.3) 6 (15.8)

Thrombocytopenia 0 2 (20.0) 0 2 (12.5) 4 (10.5)

Constipation 2 (28.6) 0 0 0 2 (5.3)

Diarrhea 2 (28.6) 0 0 0 2 (5.3)

Nausea 2 (28.6) 0 0 0 2 (5.3)

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; n (%), number (percentage) of patients used in the calculation; N, number of patients

in the group; TEAE, treatment-emergent adverse event.

MedDRA version 23.0 was used to code AEs.

Patients were counted once for each preferred term. Preferred terms were sorted in descending frequency and then alphabetically.
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