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1. EXECUTIVE SUMMARY
Cabozantinib is a multi-targeted inhibitor of receptor tyrosine kinases (RTKs) that was approved
for the treatment of medullary thyroid cancer (MTC) in 2012 (as COMETRIQTM) under
NDA203756. The approved dosing regimen for COMETRIQ was 140 mg (capsules)
administered orally once daily, taken at least 1 hour before or 2 hours after a meal. A post(b) (4)
marketing requirement (PMR) was issued to evaluate a lower dose (
(b) (4)
.
In the current submission for a new dosage form and a new indication, the Applicant seeks the
approval of cabozantinib tablet (CABOMETYXTM) for the treatment of advanced renal cell
carcinoma (RCC) in patients who have received prior anti-angiogenic therapy. The proposed
dosing regimen for CABOMETYX was 60 mg tablet administered orally once daily, taken at
least 1 hour before or 2 hours after a meal.
In a randomized Phase 3 trial (Study XL184-308), CABOMETYX treatment (60 mg tablet QD)
significantly improved progression-free survival (7.4 months vs 3.8 month) with a hazard ratio of
0.58 (95% confidence interval [CI]: 0.45, 0.74; P < 0.001), and overall survival (21.4 months vs
16.5 months) with a hazard ratio of 0.66 (95% CI: 0.53, 0.83, p=0.0003), as well as objective
response rate (17% vs 3%, P < 0.0001) over everolimus treatment. The dose was reduced in 60%
of patients, with 20% of patients received 20 mg CABOMETYX as their lowest dose. The most
frequent adverse reactions leading to dose reduction in patients treated with CABOMETYX
were: diarrhea, palmar-plantar erythrodysesthesia syndrome (PPES), fatigue, and hypertension.
CABOMETYX dose selection of 60 mg QD for the RCC indication is acceptable from a clinical
pharmacology perspective. A dose higher than 60 mg QD is not considered appropriate, given
dose reductions occurred in 60% patients at 60 mg QD. Modeling and simulations indicated that
lower starting doses such as 40 mg or 20 mg QD likely compromises efficacy though the
incidences of dose reductions may be lower than 60 mg QD dose. Taking the cabozantinib
concentration of 1125 ng/mL (median concentration at 60 mg QD dose) as the reference, the
hazard ratio would be 1.1 and 1.39 if the exposure was reduced to 67% and 33% of the reference
concentration, respectively. Reduction in tumor size in the 20 mg QD (median percent change
from baseline = -4.45%) and 40 mg QD (-9.1%) starting dose groups were predicted to be
smaller than that in the 60 mg QD dose group (-11.9%). Objective response rates (ORR) in the
40 mg QD (15.6%) and 20 mg QD (8.70%) starting dose groups were predicted lower than that
in the 60 mg QD (19.1%) dose groups.
Cross-study PK analysis indicated similar steady-state exposures (Ctrough,ss) at different doses
across patient populations of medullary thyroid cancer (MTC, 140 mg capsules), advanced renal
cell carcinoma (RCC, 60 mg tablet), and castration-resistant prostate cancer (CRPC, 60 mg
tablet). Correspondingly, the apparent oral clearance predicted by population PK model was
estimated as 4.4 L/hr in MTC and 2.2 L/hr in RCC. This result is unexpected, as Cmax and AUC
of the tablet formulation (CABOMETYX) and the capsule formulation (COMETRIQ) were
similar following a single 140 mg dose. Therefore, a post-marketing commitment (PMC) will be
(b) (4)
requested to evaluate the potential impact of
on the
(b) (4)
PK of cabozantinib
PK data from different patient populations and
healthy subjects in an integrated population PK model.
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1.1

RECOMMENDATIONS

This NDA is acceptable from a clinical pharmacology perspective, provided that the Applicant
and the Agency come to a mutually satisfactory agreement regarding the labeling and a postmarketing commitment (PMC). See Section 3 for detailed labeling recommendations.
Drug
Development
Decision

Sufficiently
Supported?

Dose selection
Yes

No

Refer to
Section 2.2.3

Recommendations and Comments

The proposed dosing regimen of 60 mg cabozantinib oral tablet QD is
acceptable from a clinical pharmacology perspective.
Cabozantinib treatment with 60 mg QD oral tablet significantly improved
progression-free survival (7.4 months vs 3.8 month) and overall survival (21.4
months vs 16.5 months), as well as objective response rate (17% vs 3%) over
everolimus control arm in a randomized Phase 3 trial (Study XL184-308).
Exposure-response analyses support the dose selection of 60 mg QD. Doses
higher than 60 mg QD are not considered, given that dose reductions are
needed in 60% patients at 60 mg QD. Simulation suggested that lower starting
doses such as 40 mg or 20 mg QD likely compromise efficacy though the
incidence of dose reductions may be lower than 60 mg QD dose.

Formulation
comparison and
systemic
exposure at
steady-state

Yes

No

Refer to
Sections
2.2.4.3,
2.2.4.4,
2.5.4

Following a single 140 mg dose administration of cabozantinib tablet and
capsule formulations, the extent of exposure (AUC 0-t and AUC0-inf) was
similar for both formulations, with the 90% CIs of the geometric least square
mean ratio within 80.00% - 125.00% criteria. However, for Cmax, the upper
limit of the 90% CI around the ratio of LS means (131.65%) was outside the
80.00% -125.00% criteria. Therefore, the systemic exposure following
cabozantinib capsule and tablet formulations are similar, though
bioequivalence could not be concluded due to small excursion of Cmax beyond
125% criterion.
Similar steady-state exposures (Ctrough,ss) were observed at different doses
across patient populations of medullary thyroid cancer (MTC, 140 mg
capsules), advanced renal cell carcinoma (RCC, 60 mg tablet), and castrationresistant prostate cancer (CRPC, 60 mg tablet). Correspondingly, the apparent
oral clearance predicted by population PK model is 4.4 L/hr in MTC and 2.2
L/hr in RCC. This result is unexpected, as Ctrough,ss in MTC patients with 140
mg dose is expected to be higher than in RCC patients with 60 mg dose, given
similar exposure (Cmax and AUC) of capsule and tablet formulations after a
single dose of 140 mg.
PMC: A PMC will be requested to evaluate the potential impact of (b) (4)
(b) (4)
(b) (4)
on the PK of cabozantinib
(b) (4)
PK data from different patient populations and healthy subjects in
an integrated population PK model.

Dose adjustment
in patients with
hepatic
impairment

Reference ID: 3917128

Yes
Refer to
Section
2.3.2.3

No

The results of hepatic impairment trial (Study XL184-003) suggested after a
single oral administration of a 60 mg cabozantinib in capsule form, the
geometric LSM ratios for exposure (AUC0-inf) were increased by
approximately 81% and 63% in subjects with mild and moderate hepatic
impairment, respectively, relative to matched controls. Cmax values were not
markedly different in mild and moderate hepatic impairment relative to
matched controls (119% and 103%, respectively).
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Drug
Development
Decision

Sufficiently
Supported?

Recommendations and Comments

PMR fulfillment: The fulfillment of this PMR trial has been concluded under
NDA203756.
Labeling recommendation: To recommend 40 mg QD as the starting dose in
patients with mild or moderate hepatic impairment.
Dose adjustment
in patients with
renal impairment

Yes

No

Refer to
Section
2.3.2.2

The Labeling language for MTC indication stated that no dose adjustment is
recommended in patients with mild to moderate renal impairment based on
population PK analysis. In the current submission for RCC, results of a
dedicated renal impairment study suggested that Cmax and AUC values were
19% and 30% higher, respectively, for subjects with mild renal impairment
compared to subjects with normal renal function. However, both Cmax and
AUC values were similar between the moderate impairment and control
cohorts, with a less than 7% difference in exposure parameters.
Labeling recommendation: No dose adjustment is needed for patients with
mild to moderate renal impairment.

Gastric pH
elevating agents

Yes

No

Refer to
Sections 2.1.1;
2.4.1.2

Co-administration of multiple doses of esomeprazole (40 mg QD) with a
single 100 mg dose of cabozantinib did not decrease cabozantinib plasma
exposure. The 90% CIs for the ln-transformed ratio of the test to reference
treatment for both AUC0-t and AUC0-inf were within the limits of 80% - 125%.
PMR fulfillment: The PMR issued under NDA203756 has been fulfilled (as
documented under NDA203756).
Labeling recommendation: To describe the results in 12.3 Pharmacokinetics
section.

Signatures:

Pengfei Song, Ph.D.
Qi Liu, Ph.D.
Reviewer
Team Leader
Division of Clinical Pharmacology V
Division of Clinical Pharmacology V
Chao Liu, Ph.D.
Jingyu (Jerry) Yu, Ph.D.
Pharmacometrics Reviewer
Pharmacometrics Team Leader
Nam Atiqur Rahman, Ph.D.
Division Director, Division of Clinical
Pharmacology V
DOP1:
MO – Harpreet Singh; Miachael Brave; MTL – Julia Beaver; RPM - Rajesh
Cc:
Venugopal
DCP-5: DDD –Brian Booth; DD – Nam Atiqur Rahman
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1.2

CLINICAL PHARMACOLOGY SUMMARY

Cabozantinib is a multi-targeted inhibitor of receptor tyrosine kinases (RTKs) that was approved
for the treatment of medullary thyroid cancer (MTC) in 2012 (as COMETRIQTM) under
NDA203756. The approved dosing regimen for COMETRIQ was 140 mg (capsules)
administered orally once daily (QD), taken at least 1 hour before or 2 hours after a meal. A post(b) (4)
marketing requirement (PMR) was issued to evaluate a lower efficacious dose
(b) (4)

In the current submission of a new dosage form for a new indication, the Applicant seeks the
approval of Cabozantinib tablet (CABOMETYXTM) for the treatment of advanced renal cell
(b) (4)
carcinoma (RCC) in patients who have received
prior therapy. The proposed dosing regimen
for CABOMETYX is 60 mg (tablet) QD, taken at least 1 hour before or 2 hours after a meal.
The pivotal Phase 3 trial (Study XL184-308) was a randomized (1:1), open-label, multicenter
study of CABOMETYX (administered orally at 60 mg daily) versus everolimus conducted in
patients (N=658) with advanced RCC who had received at least 1 prior anti-angiogenic therapy.
Cabozantinib treatment with 60 mg oral tablet significantly improved progression-free survival
(7.4 months vs 3.8 month) with a hazard ratio of 0.58 (95% CI: 0.45, 0.74; P < 0.001), and
overall survival (21.4 months vs 16.5 months) with a hazard ratio of 0.66 (95% CI: 0.53, 0.83,
p=0.0003), as well as objective response rate (17% vs 3%, P < 0.0001) over everolimus treatment
in a randomized Phase 3 trial (Study XL184-308).
Formulation comparison: Following a single 140 mg dose administration of cabozantinib tablet
and capsule formulations, the extent of exposure (AUC 0-t and AUC0-inf) was similar for both
formulations, with the 90% CIs of the geometric least square mean ratio within the recommended
bioequivalence criteria of 80.00% - 125.00%. However, for Cmax, the upper limit of the 90% CI
(131.65%) was outside upper limit of 125.00%. Therefore, the systemic exposure following
cabozantinib capsule and tablet formulations are similar, though bioequivalence could not be
concluded due to small excursion of Cmax beyond 125% criterion.
Population PK: A population PK analysis of cabozantinib was performed using data from 318
patients with RCC and 63 normal healthy volunteers following oral administration of doses of 60
mg, 40 mg, and 20 mg. The predicted terminal half-life is approximately 99 hours, the oral
volume of distribution (Vz/F) is approximately 319 L, and the apparent clearance (CL/F) at
steady-state is estimated to be 2.2 L/hr. It is noted that the estimated PK parameters are different
from MTC population, where the half-life at steady state is approximately 55 hours, the oral
volume of distribution is approximately 349 L, and the clearance (CL/F) at steady-state was
estimated to be 4.4 L/hr. Steady-state exposure (Cmin,ss) were similar in RCC (1260 ng/mL,
44.4% CV) and in MTC (1380 ng/mL, 53% CV) following different formulations at different
doses of cabozantinib in RCC (60 mg once daily tablet) and MTC (140 mg once daily capsule)
patient populations.
Absorption:
Food effect: The food effect on the PK of cabozantinib with the tablet formulation is unknown.
When cabozantinib capsule was administered with a high-fat, high calorie meal in healthy
subjects, the Cmax and AUC values (AUC0-t and AUC0-inf) were increased by 41% and 57%,
respectively. The tablet will be administered on an empty stomach.
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Impact of gastric pH elevating agents: The results of a PMR trial suggested that coadministration of multiple doses of esomeprazole (40 mg QD) with a single 100 mg dose of
cabozantinib did not decrease cabozantinib plasma exposure. The PMR issued under
NDA203756 has been fulfilled (as documented under NDA203756).
Specific Populations:
Hepatic impairment: The results of a PMR hepatic impairment trial (Study XL184-003)
suggested after a single oral administration of a 60 mg cabozantinib in capsule form, the
geometric LSM ratios for exposure (AUC0-inf) were increased by approximately 81% and 63% in
subjects with mild and moderate hepatic impairment, respectively, relative to matched controls.
Cmax values were not markedly different in mild and moderate hepatic impairment relative to
matched controls (119% and 103%, respectively). The fulfillment of this PMR trial has been
concluded under NDA203756.
Renal impairment: The Labeling language for MTC indication stated that no dose adjustment is
recommended in patients with mild to moderate renal impairment based on population PK
analysis. In the current submission for RCC, the results of a dedicated renal impairment study
suggested that Cmax and AUC values were 19% and 30% higher, respectively, for subjects with
mild renal impairment compared to subjects with normal renal function. However, both Cmax and
AUC values were similar between the moderate impairment and control cohorts, with a less than
7% difference in exposure parameters. Therefore, the impact of renal impairment on the PK of
cabozantinib is considered low.
Exposure-Response (E-R) Relationship: Dose selection of 60 mg QD is acceptable from a
clinical pharmacology perspective. A dose higher than 60 mg QD is not considered appropriate,
given dose reductions occurred in 60% patients at 60 mg QD. Modeling and simulations
indicated that lower starting doses such as 40 mg or 20 mg QD likely compromises efficacy
though the incidences of dose reductions may be lower than 60 mg QD dose. Taking the
cabozantinib concentration of 1125 ng/mL (60 mg) as the reference, the hazard ratio would be
1.1 and 1.39 if the exposure was reduced to 67% and 33% of the reference concentration,
respectively. Reduction in tumor size in the 20 mg QD (median percent change from baseline = 4.45%) and 40 mg QD (-9.1%) starting dose groups were predicted to be smaller than that in the
60 mg QD dose group (-11.9%). Objective response rates (ORR) in the 40 mg QD (15.6%) and
20 mg QD (8.70%) starting dose groups were predicted lower than that in the 60 mg QD (19.1%)
dose groups.
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2

QUESTION BASED REVIEW

2.1
2.1.1

GENERAL ATTRIBUTES
What are the highlights of the chemistry and physical-chemical properties of the
drug substance and the formulation of the drug product as they relate to clinical
pharmacology and biopharmaceutics review?

As the drug substance (DS), cabozantinib (S)-malate salt, demonstrate a pH- dependant solubility
(b) (4)
profile
In order to determine the impact
of gastric pH elevating agent on the PK of cabozantinib, a post-marketing requirement (PMR)
was issued when cabozantinib was approved for COMETRIQTM under original NDA203756
(PMR1970-7), as below:
“A drug-drug interaction clinical trial to evaluate if gastric pH elevating agents alter the
bioavailability of cabozantinib. The trial may be conducted in a gated manner, first
evaluating the effect of a proton pump inhibitor (PPI) on the single-dose exposure of
cabozantinib. In the event that concomitant administration of a PPI has a large effect on
cabozantinib exposure following single-dose administration, H2 antagonist and an antacid
will be subsequently evaluated. The number of subjects enrolled in the trial should be
sufficient to detect exposure differences. The trial results should allow for a
determination on how to dose cabozantinib with regard to concomitant gastric pH
elevating agents.
The trial has been completed and submitted to FDA for review. The study results suggested that
esomeprazole administration had no clinically-relevant effect on cabozantinib PK (See Section
2.4.1.2): It was concluded that this PMR has been fulfilled under NDA203756 (see Clinical
Pharmacology review by Dr. Jun Yang dated October 1, 2014 in DARRTs).
2.1.2

What are the proposed mechanisms of action and therapeutic indications?

Cabozantinib is an inhibitor of multiple intracellular kinases involved in a range of pathologic
processes such as oncogenesis, tumor angiogenesis, and maintenance of the tumor environment.
In vitro biochemical or cellular assays have shown that cabozantinib inhibits the tyrosine kinase
activity of RET, mesenchymal epithelial transition factor (MET), vascular endothelial cell
growth factor (VEGFR) receptors, KIT, TRKB, FLT-3, AXL, and TIE-2 receptors.
The proposed indication is for the treatment of patients with advanced renal cell carcinoma
(b) (4)
(RCC) in patients who have received
prior therapy.
2.1.3

What are the proposed dosage and route of administration?

The proposed dosing regimen for cabozantinib is CABOMETYX 60 mg (tablet) administered
(b)
orally once daily (QD), taken at least 1 hour before (4) 2 hours after a meal. The 60 mg daily dose
can be reduced to 40 mg and then to 20 mg for management of intolerable toxicities.
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2.2

GENERAL CLINICAL PHARMACOLOGY

2.2.1 What are the design features of the clinical pharmacology and clinical studies used
to support dosing or claims?
The majority of the clinical pharmacology content of cabozantinib has been reviewed under
NDA203756 for the treatment of medullary thyroid cancer (MTC) in 2012 (as COMETRIQ). In
this submission, the Applicant intends to update the label with the new clinical pharmacology
related information obtained from a Phase 1 PK study (XL184-020) of three tablet strengths (20,
40, and 60 mg FBE) in healthy adult subjects in which dose proportionality was demonstrated; a
hepatic impairment study (XL184-003) and a renal impairment (XL184-017), and a drug-drug
interaction study evaluating the effect of gastric pH modification (XL184-018). The results of
PMR trials XL184-003 and 184-018 have been reviewed by FDA and concluded the PMRs have
been fulfilled under NDA203756 for MTC.
A population pharmacokinetic analysis of cabozantinib was performed using data collected from
282 patients with RCC and 63 normal healthy volunteers following oral administration of doses
of 20 mg, 40 mg, and 60 mg. Population exposure-response models were also developed to
characterize the relationship between cabozantinib exposure and various efficacy and safety
endpoints in subjects with renal cell carcinoma (RCC).
2.2.2

What is the basis for selecting the response endpoints or biomarkers, and how are
they measured in clinical pharmacology and clinical studies?

Progression-free survival (PFS) was selected as the primary endpoint for this trial and objective
response rate (ORR) and OS were included as the secondary endpoints. PFS is considered an
acceptable endpoint for oncology studies and has been used as the primary efficacy endpoint for
several agents approved for RCC including sorafenib, sunitinib, everolimus, bevacizumab,
pazopanib, and axitinib.
2.2.3

Exposure-response Analyses

Exposure-response analyses base on the pivotal Trial XL184-308 indicated that a saturable
exposure-efficacy relationship for PFS and anti-tumor activity, and positive exposure-safety
relationships across the exposure range under 60 mg QD.
2.2.3.1 Is the proposed dosing regimen supported by the exposure-response (ER)
relationship for efficacy?
Yes, the proposed dosing regimen is supported by the ER relationship of efficacy. A lower dose
may result in compromised benefit in terms of the primary endpoint, progression-free survival
(PFS), as well as the drug anti-tumor activity in terms of tumor size and Objective Response Rate
(ORR).
Exposure-PFS analysis
On the basis of ER analysis, there appears to a positive and saturable exposure-efficacy
relationship between cabozantinib exposure and PFS or anti-tumor activity under the exposure
range of 60 mg QD and lower dose levels for the proposed indication.
In the exposure-PFS relationship analysis, the relationship was explored by Cox regression
model where the drug exposure effect on hazard was an Emax function of the PPK model-
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predicted cabozantinib exposure. On each day, the average cabozantinib concentration over its
prior three weeks was calculated, and employed as the exposure metrics (CAVG3W).
The model indicted that exposure under lower dose levels (eg. 40 mg or 20 mg) may result in an
inferior PFS compared with 60 mg QD. Taking the cabozantinib concentration of 1125 ng/mL
(60 mg) as the reference, the hazard ratio would be 1.1 and 1.39 if the exposure was reduced to
67% and 33% of the reference concentration, respectively (Table 1). The potential loss of
efficacy at lower dose levels suggest that the proposed cabozantinib dose (60 mg QD) is
reasonable based on this exposure-PFS analysis.
Table 1: Emax Model Hazard Ratios for Progression Free Survival

HR = hazard ratio; LL = lower confidence limit; UL = upper confidence limit
a

Cabozantinib concentrations correspond to model predicted typical individual steady-state average
concentrations for the 20 mg, 40 mg, and 60 mg once daily dosing regimens.

Source: Synopsis of Exposure-Response Report, Study No. XL184-308.ER.001, Table 14

Exposure-tumor size analysis
An exposure-tumor size model was developed by the Applicant per the pharmacometrics
reviewer’s request to predict the tumor dynamics at different lower dose levels (40 mg and 20
mg) with dose interruption/reduction taken into account. The model is composed of a first-order
growth rate, nonlinear cabozantinib drug effect, and a resistance component. The drug effect on
tumor suppression was described as an Emax function with EC50 as 251 ng/mL. The virtual dosing
history was simulated using Applicant’s exposure-dose-altering model. Based on the simulated
dosing history, the tumor dynamics was simulated to evaluate the potential loss of efficacy at
different starting dose levels.
For starting dose levels at 20 mg, 40 mg, and 60 mg, the median percent change from baseline
tumor size is shown in Figure 1. Subjects in the 60 mg QD dose group are predicted to have
greater reduction in tumor size (median percent change from baseline = -11.9%) relative to the
40 mg and 20 mg QD dose groups. Subjects in the 40 mg QD dose group are predicted to have a
lower median percent reduction from baseline (-9.1% for 40 mg and -4.45% for 20 mg) tumor
sizes relative to the case in the 60 mg starting dose group.

Reference ID: 3917128

NDA 208692 Clinical Pharmacology Review - Cabozantinib
9

Figure 1: Comparison of Predicted Median Percent Change from Baseline Tumor
Diameter for 20 mg, 40 mg, and 60 mg Cabozantinib Starting Doses
Source: Adapted from Study No. XL184-308.ER.002 - Memorandum

Based on the simulated tumor size, best overall response (BOR) was computed for each subject.
The predicted percentage of subjects with different BOR for a 20 mg, 40 mg, and 60 mg starting
dose treatment regimen are shown in Table 2. Objective response rates (ORR) in the 40 mg QD
(15.6%) and 20 mg QD (8.70%) starting dose groups were predicted lower than that in the 60 mg
QD (19.1%) dose groups.
Table 2: Simulated ORR based on model predicted tumor dynamics

Source: Adapted from Study No. XL184-308.ER.002 - Memorandum

2.2.3.2 What are the characteristics of the exposure-response relationships for safety?
Exposure safety analysis indicates that patients with higher drug exposure tend to experience
adverse reactions and dose modifications earlier.
The exploratory KM plot for time to first incidence of different AE types shows the following
results (Figure 2):
•

Fatigue/Asthenia: The result shows an increased fraction of subjects with fatigue or
asthenia in the highest exposure tertile.

•

Nausea/Vomiting: The relatively small fraction of subjects that experienced nausea or
vomiting was observed.

•

PPES: The fraction of subjects with PPE increases with higher exposure tertiles.

•

Diarrhea: The fraction of subjects with diarrhea increases with higher exposure tertiles.
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•

Stomatitis: The plot highlights the relatively small fraction of subjects that experienced
stomatitis.

•

Hypertension: The fraction of subjects with hypertension is increased in the two larger
exposure tertiles relative to the lowest exposure tertile. The fractions of subjects with
hypertension are similar for the two largest exposure tertiles.

Figure 2: Kaplan-Meier Plots for Adverse Reactions by Average Exposure Tertile
Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
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To evaluate the association between dose modification and individual exposure, a longitudinal
exposure dose-altering AE model was developed. The survival model for repeated events showed
a significant relationship between the time to dose modifications and individual-predicted
cabozantinib concentration over the 24 hours prior to time equal t (CAVG1D). Using this model,
the virtual dosing history was simulated at different starting dose levels (20 mg and 40 mg), to
evaluate the potential improvement in reducing the incidence of dose interruption/reduction
(Table 3).
Table 3: Simulation of Dosing History: Percentage of Subjects on 20 mg, 40 mg, or
60 mg Once Daily Treatment Regimens at Month 6 and Month 12

Numbers in the table are the percentage of subjects that stay on 20 mg, 40 mg, and 60 mg (excluding dose interruptions) at 6
months and 12 months in Study 308, the simulated 20 mg starting dose scenario, the simulated 40 mg starting dose scenario,
and the simulated 60 mg starting dose scenario.
Source: Adapted from Study No. XL184-308.ER.002 - Memorandum

2.2.3.3 Is the dose and dosing regimen selected by the applicant consistent with the known
relationship between dose-concentration-response, and is there any unresolved
dosing or administration issue?
Yes. Exposure-response analyses support the dose selection of 60 mg QD. Doses higher than 60
mg QD is not considered, given a dose reduction in 60% patients are needed at 60 mg QD.
Modeling and simulations indicated that lower starting doses such as 40 mg or 20 mg QD likely
compromises efficacy though the incidences of dose reductions may be lower than 60 mg QD
dose.
There is no unresolved dosing or administration issue in the RCC indication.
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2.2.4 Pharmacokinetic characteristics of the drug and its major metabolites
2.2.4.1 What are the single-dose and multiple-dose pharmacokinetics?
Single-dose PK
The PK parameters of cabozantinib in healthy subjects following a single 20 mg, 40 mg (Study
Report XL184-020), 60 mg (Study Reports XL184-003, XL184-017, and XL184-020), 80 mg
(Study XL184-018), or 140 mg (Study XL184-010) tablet formulation dose are displayed in
Table 13.
After a single dose of cabozantinib, absorption had a median Tmax of 3 to 5 hours (range: 1-120).
Across these studies, some individual subjects had a prolonged absorption phase with Cmax
occurring as late as 120 hours after dosing. Following the absorption peak, plasma concentrations
declined slowly with a mean terminal t1/2 of 111 to 131 hours across the studies.
Table 4: Single Dose Mean (%CV) PK Parameters of Cabozantinib After a Tablet
Dose of 20, 40, 60, 80 or 140 mg FBE in Healthy Subjects

Multiple Dose PK
Intensive PK is not available for tablet formulation. In the pivotal Phase 3 study XL184-308 in
subjects with RCC, mean steady-state plasma concentrations for cabozantinib for subjects
receiving at least 14 of 15 60 mg/day doses over the 15 days prior to PK sampling for males and
females combined were 1260 ng/mL (±559) (n=211) at Week 5 Day 1, and 1050 ng/mL (±504) at
Week 9 Day 1. PK samples were taken approximately 8 hours or more after the previous dose of
cabozantinib for the Week 5 Day 1 and Week 9 Day 1 visits. Accurate timing of the plasma PK
sample collection was not deemed critical to the steady-state PK evaluation given the long halflife and low fluctuation of steady-state cabozantinib concentrations.
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2.2.4.2 What are the characteristics of drug absorption?
Following a single oral tablet dose, cabozantinib was absorbed with maximum plasma
concentrations of XL184 achieved at median time of 3 to 4 hours post-dose across studies (Table
4). Multiple peaks in the plasma concentration–time profile following a single oral dose,
suggesting that XL184 is enterohepatically recirculated or has delayed or multiple sites of
absorption, may relate to the substantially delayed maximum concentrations observed for some
subjects.

Figure 3: Mean (± SD) Cabozantinib Plasma Concentrations Over Time Plots
Following a Single Oral Dose of a 20, 40, or 60 mg Cabozantinib Tablet in
Healthy Subjects (n=21) (Upper Panel: 0-504 Hours Post-dose; Lower Panel:
B. 0-24 Hours Post-dose)
2.2.4.3 Based on PK parameters, what is the degree of linearity or non-linearity based on
the dose-concentration relationship?
The cabozantinib PK of tablet formulation is linear in terms of dose proportionality and timeindependence.
Dose proportionality:
Dose proportionality analyses were performed on the ln-transformed cabozantinib PK parameters
Cmax, AUClast and AUCinf. The slope and 95% CIs for the slope of each ln-transformed PK
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parameter were calculated from the regression analyses. The 95% CIs for the slopes of the lntransformed Cmax, AUClast, and AUCinf versus ln-transformed cabozantinib for tablet formulation
included the value of 1; therefore, dose proportionality was concluded for tablet in the dose range
of 20 to 140 mg.

Figure 4:. Linear Dose-Proportional Regression for Plasma Cabozantinib Cmax,
AUClast and AUCinf Following a Single Oral Dose of Tablet

Table 5. Dose Proportionality Analysis Results

PK time-independence:
Cabozantinib tablet formulation demonstrated a time-independent PK as single dose PK can
predict multiple dose PK of cabozantinib.
The mean single dose PK data of 60 mg tablet was well described by 1-compartmental model
with the estimated Ka = 0.5/hr, V/F=295 L and CL/F= 1.8 L/hr. These parameters were used to
simulate the concentration-time profiles for 60 mg tablet daily for 28 days. The predicted Cmin,ss
on Day 29 (W5D1, 672 hrs postdose) was 1284 ng/mL; the observed Cmin,ss at W5D1 at 60 mg
daily tablet in Study XL184-308 was 1250 ng/mL (Figure X); these data suggest that the singledose PK data of 60 mg tablet well-predicted the multiple PK of cabozantinib.
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Figure 5: Simulations of Steady-state Trough Concentration of Cabozantinib in
Randomized Phase 3 Trial XL 184-308 Based on Single-dose PK of
Cabozantinib in Healthy Subjects.
2.2.4.4 How do the PK parameters change with time following chronic dosing?
After multiple daily doses of capsule formulation, the mean accumulation ratio (AR) based on
AUC and Cmax were 5.4 and 3.6, respectively at 138 mg capsule dose (Study XL184001.PK.001). Steady state was achieved by approximately Day 15.
2.2.4.5 What is the inter- and intra-subject variability of PK parameters in volunteers and
patients, and what are the major causes of variability?
In healthy subject subjects following a single capsule (Table 12) or tablet (Table 13) dose, the
inter-subject variability (%CV) ranged from 20 to 59% for AUC values and from 28 to 72% for
Cmax across the studies. The within-subject variability (%CV) was 39% for Cmax and 28% for
AUC values (Study Report XL184-010).
The inter-subject variability in cancer subjects (%CV; see Table 11) was 43% for Cmax and 34%
for AUC after a single dose (Study Report XL184-001.PK.001), and 39% for Cmax and 38% for
AUC at steady state (Study Report XL184-008.PK.001). Exposure variability in cancer subjects
and healthy subjects was similar.
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2.3

INTRINSIC FACTORS
2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually)
and/or response, and what is the impact of any differences in exposure on efficacy or
safety responses?
A population PK analysis was performed on pooled data from Study XL184-020 in healthy
subjects and sparse PK data from Study XL184-308 in patients with RCC. A two-compartment
disposition model with dual (fast and slow) lagged first-order absorption processes adequately
characterized the concentration-time profile of cabozantinib in healthy subjects and patients with
RCC.
The predicted PK parameter values for a typical White male subject were: approximately 99
hours for terminal plasma half-life, approximately 319 L for terminal phase volume of
distribution (Vz), and approximately 2.23 L/hr for steady state oral clearance (CL/F). Interindividual variability (IIV) in clearance (%CV for CL/F) was estimated to be 46%.
Gender and race were significant covariates on CL/F, where female subjects had 21% lower
CL/F compared with male subjects and Asian subjects had 27% lower CL/F compared with
White subjects. However, this effect is not considered clinically important.
Covariates determined to have a non-significant effect on CL/F were age, baseline body mass
index, baseline hemoglobin, baseline total bilirubin, baseline alanine aminotransferase, baseline
serum albumin, baseline calculated creatinine clearance and population (healthy subjects or
patients with RCC).
Reviewer’s note: It is noted that the apparent oral clearance estimate for cabozantinib of 4.4
L/hr determined in the MTC PopPK analysis is two-fold higher than the apparent oral clearance
estimate for cabozantinib determined in the RCC PopPK analysis (2.2 L/hr) (Table X).
Table 6: PK Parameter Estimates from the MTC and RCC PopPK Analyses

Similar exposure: Similar steady-state exposures (Ctrough,ss) were observed at different doses
across patient populations of medullary thyroid cancer (MTC, 140 mg capsules), advanced renal
cell carcinoma (RCC, 60 mg tablets), and castration-resistant prostate cancer (CRPC, 60 mg
tablets). This result is unexpected as the exposure (Cmax and AUC) of capsule and tablet
formulations after a single dose of 140 mg. A post-marketing comitmment (PMC) will be issued
(b) (4)
to evaluate the potential impact of
on the PK of
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(b) (4)

cabozantinib
PK data from different patient populations and healthy
subjects in an integrated population PK model.
Per FDA’s request, the applicant provided a scatter plot to visualize Cmin,ss over time among
groups of MTC, RCC, and castration-resistant prostate cancer (CPRC) at different doses and
different formulations. These plasma concentration data are from analysis of eligible subjects
who received before plasma PK sampling at least 14 of the 15 prior scheduled doses of
cabozantinib at:
x

140 mg in MTC subjects in study XL184-301 with PK sampling on Day 29 [n=96]

x

60 mg in CRPC subjects in study XL184-306 with PK sampling on Week 3 Day 7
[n=42], Week 6 Day 7 [n=31], and Week 12 Day 7 [n=8];

x

60 mg in CRPC subjects in study XL184-307 with PK sampling on Week4 Day1 [n=503]
and Week 13 Day 1 [n=114];

x

60 mg in RCC subjects in study XL184-308 with PK sampling on Week 5 Day 1 [n=211]
and Week 9 Day 1 [n=148].

Data from subjects that dose reduced were not included in the scatter plots due to the very low
number of these subjects that achieved steady-state plasma concentrations at a reduced dose.
Repeat-daily dosing of cabozantinib in healthy subjects has not been performed.

Figure 6: Steady-state Trough Concentrations in Different Patient Populations
(MTC, RCC, CRPC) with Different Doses (140 mg vs 60 mg) and Formulations
(Capsules and Tablets).
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2.3.2 Based upon what is known about exposure-response relationships and their
variability and the groups studied, healthy volunteers vs. patients vs. specific populations,
what dosage regimen adjustments, if any, are recommended for each of these groups? If
dosage regimen adjustments are not based upon exposure-response relationships, describe
the alternative basis for the recommendation.
2.3.2.1 Pediatric patients
Safety and effectiveness of cabozantinib have not been established in pediatric patients.
2.3.2.2 Renal impairment
In a dedicated renal impairment trial (XL184-017), a total of 32 subjects were enrolled: 12
subjects into the matched normal group, and 10 subjects each into the mild and moderate renal
impairment groups. No subjects were enrolled in the severe impairment group.
The geometric LSM of Cmax and AUC values were 19% and 30% higher, respectively, for
subjects with mild renal impairment compared to subjects with normal renal function. Both Cmax
and AUC values were similar between the moderate impairment and control cohorts, with a less
than 7% difference in exposure parameters. Mean fraction cabozantinib unbound to plasma
proteins (%fu) was also comparable for the control and the mild impairment cohorts, and higher
%fu was observed in the moderate impairment cohort (approximately 0.28%, 0.24%, and 0.36%,
respectively). There was no statistically significant relationship between the measures of renal
function (creatinine clearance; CLcr) at screening and the plasma cabozantinib AUC0-inf.
Table 7: Statistical Comparison of Pharmacokinetic Parameters of Cabozantinib in
Subjects with Hepatic Impairment versus Normal Hepatic Function
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Table 8. Mean (SD) Plasma Cabozantinib Concentrations Versus Time
Following Oral Administration of Single 60 mg Dose of Cabozantinib in
Patients with Normal Renal Function, Mild and Moderate Renal Impairment
(Linear Scale in Upper Panel and Semi-Log Scale in Lower Panel)
2.3.2.3 Hepatic impairment
In a dedicated hepatic impairment trial (XL184-003) the applicant conducted to fulfil the PMR
under original NDA203756, a total of 26 subjects were enrolled and completed the study: 10
subjects into the matched normal group, and 8 subjects each into the CP-A and CP-B groups; no
subjects were enrolled in the CP-C group.
After a single oral administration of a 60 mg cabozantinib in capsule form, AUC0-inf was
increased by approximately 81% and 63% in subjects with mild and moderate hepatic
impairment, respectively, relative to matched controls. Cmax were not markedly different in mild
and moderate hepatic impairment relative to matched controls.
In the 4-hour post-dose samples, the mean unbound plasma protein binding of cabozantinib
(%fu) in mild hepatic impaired and healthy control groups was comparable (approximately
0.34% and 0.35%, respectively) and was slightly higher for moderate hepatic impaired group
(approximately 0.57%).
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Table 9: Statistical Comparison of Pharmacokinetic Parameters of Cabozantinib in
Subjects with Hepatic Impairment versus Normal Hepatic Function

Figure 7: Mean (± SD) Plasma Cabozantinib Concentration-time Profiles After
a Single Oral 60 mg FBE Weight Dose to Subjects with Normal Hepatic
Function, Subjects with Mild Hepatic Impairment (CP-A), and Subjects with
Moderate Hepatic Impairment (CP-B); Top Panel, Linear Scale; Bottom Panel,
Log Scale
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2.4

EXTRINSIC FACTORS

2.4.1 Drug-drug interactions
The drug-drug interaction regarding induction and inhibition of CYP enzymes, P-gp has been
evaluated under NDA203756. In the current submission, additional in vitro study results
suggested that cabozantinib is a substrate of MRP2.
2.4.1.1 Are there other metabolic/transporter pathways that may be important?
In vitro study suggested that cabozantinib is likely a substrate of MRP2, but not of the other
transporters evaluated including OAT1, OCT1, OATP1B1, and OATP1B3.
In vitro study suggested that cabozantinib demonstrated inhibition of on MATE1 and MATE2-K
(estimated IC50 values of 5.94 and 3.12 μM, respectively), but no marked inhibition on BCRP,
BSEP, MRP2, P-gp, OAT1, OAT3, OCT1, OATP1B1, and OATP1B3.
2.4.1.2 Are there any in-vivo drug-drug interaction studies that indicate the exposure
alone and/or exposure-response relationships are different when drugs are coadministered?
Co-administration of multiple doses of esomeprazole (40 mg once daily) with a single 100 mg
dose of cabozantinib did not decrease cabozantinib plasma exposure.
In Study XL184-018, cabozantinib was administered in 22 healthy subjects as a single 100 mg
dose in Period 1 (Reference) followed by a 31 day washout period. Daily esomeprazole
administration was initiated 6 days prior to administration of a second 100 mg dose of
cabozantinib in Period 2 (Test). On Day 6, esomeprazole was administered 1 hour before the
cabozantinib dose. PK samples were obtained over a 504 hour timeframe post dose in each
period.
The 90% CIs for the ln-transformed ratio of the test to reference treatment for both AUC0-t and
AUC0-inf were within the limits of 80% - 125%, although the upper 90% CI for Cmax was
determined to be 125.1%.
Esomeprazole administration did not result in any statistically significant decrease in
cabozantinib plasma PK parameters; therefore, no clinically significant drug-drug interaction in
subjects taking both cabozantinib and a proton pump inhibitor is considered likely. Based on this
result, the effect of weaker gastric pH modifying agent, famotidine, on PK of cabozantinib was
not evaluated.
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Table 10: Statistical Comparisons of Plasma Cabozantinib Pharmacokinetic Parameters
Following Oral Administration of Cabozantinib + Esomeprazole (Treatment B, Test)
Versus Cabozantinib Alone (Treatment A, Reference)
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Table 12: Comparison of Single Dose XL184 Plasma Exposure Parameters for the
Mass Balance Solution Formulation Versus Capsules and Tablets in Healthy
Subjects (Dose: 140 mg Cabozantinib FBE)

2.5.3 What is the relative bioavailability of the proposed to-be-marketed formulation to
the pivotal clinical trial?
The to-be-marketed tablet formulation is identical to the formulation used in the registration
Phase 3 trial (Study XL184-308).
2.5.4 Are the tablet formulation and capsule formulation bioequivalent?
Following a single 140 mg dose administration of cabozantinib tablet formulation (for RCC
indication) and capsule formulation (for MTC indication), the extent of exposure (AUC0-t and
AUC0-inf) was similar for both formulations, with the 90% CIs around the ratio Tablet/Capsule of
LS means for AUC0-t and AUC0-inf within the recommended bioequivalence limits of 80.00% 125.00%. However, for Cmax, the upper limit of the 90% CI around the ratio of LS means
(131.65%) was outside the 80.00% -125.00% criteria.
Mean PK parameters were highly variable with %CVs for the main parameters ranging from 44 47% (AUC) to 54% (Cmax) for cabozantinib tablets (Test: Treatment A) and from 35% to 39%
(AUC) and 43% (Cmax) for cabozantinib capsules (Reference: Treatment B). The median Tmax
was 3.5 hours for the tablet formulation and 4.0 hours for the capsule formulation, while the
terminal t1/2 of cabozantinib appeared to be similar for both tablet and capsule formulations,
with mean values of 112 - 115 hours. CL/F and VZ/F were comparable between the tablet and
capsule formulations.
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Table 13. Statistical Comparisons of Plasma Cabozantinib Pharmacokinetic Parameters
Following Oral Administration of Cabozantinib 140 mg Tablet Formulation (Treatment
A, Test) Versus Cabozantinib 140 mg Capsule Formulation (Treatment B, Reference)

Figure 8: Mean (SD) Cabozantinib Plasma Concentrations Over Time Plots Following a
Single Oral 140 mg Dose of Cabozantinib Capsule or Tablet Formulations in Healthy
Subjects (N=72) (A. 0-504 hours post-dose; B. 0-24 hours postdose)
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2.5.5 What is the effect of food on the bioavailability (BA) of the drug from the dosage
form? What dosing recommendation should be made, if any, regarding
administration of the product in relation to meals or meal types?
The effect of food on the PK of tablet formulation is not available. For the clinical pharmacology
food effect study, where the results may be formulation-dependent, a standard conservative
dosing guidance is proposed (ie, cabozantinib administration only in the fasted state) for both
capsule and tablet formulations in order to eliminate the risk of any clinically-meaningful effects
of food intake on plasma exposure.
The following results of food effect study were excerpted from the original NDA203756 for
MTC:
The effect of food on the PK of a single dose of cabozantinib capsule formulation (malate
salt containing 138 mg free base) was evaluated in a randomized, single-dose, twotreatment, two-sequence, cross-over study of 47 evaluable healthy subjects (Study Report
XL184-004). The Cmax and AUC values (AUC0-t and AUC0-inf) were moderately increased
by 41% and 57%, respectively, when cabozantinib was administered with a high-fat, high
calorie meal (Figure 13). Subjects in the clinical trials have been instructed to take
cabozantinib at least 1 hour before or 2 hours after a meal to avoid possible food effects
on cabozantinib exposure. There were no other specific studies or analyses designed to
evaluate the effects of factors such as herbal products, diet, or alcohol use on the PK of
cabozantinib.
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3

DETAILED LABELING RECOMMENDATIONS

The proposed labeling language of CABOMETYXTM (oral tablets) for RCC was based on the
FDA approved label of COMTRIQTM (oral capsules) for the treatment of medullary thyroid
cancer (MTC) under NDA203756. Three columns were generated for the approved COMTRIQT
(oral capsules), proposed CABOMETYX (oral tablets), and FDA’s counterproposal for
CABOMETYXTM in order to effectively keep consistency and compare the differences due to
changes in formulations, doses, and indications, and new information of cabozantinib.
Only clinical pharmacology relevant sections are included. Double underlines indicate the
content that was added by the Applicant to the originally approved label or by the Agency to the
applicant’s proposed label, and strikethroughs indicate contents taken out by the applicant from
the originally approved label or by the Agency from the applicant’s proposed label.
Approved COMTRIQTM
(Capsules for MTC, Dose
140 mg Once Daily)

Proposed CABOMETYXTM
(Tablets for RCC, Dose 60
mg Once Daily)

Highlights

Highlights

DOSAGE AND ADMINISTRATION
Recommended Dose: 140 mg orally,
once daily. (2.1)
Instruct patients not to eat for at least 2
x
hours before and at least 1 hour after
taking COMETRIQ. (2.1).
DOSAGE FORMS AND STRENGTHS
x
20 mg and 80 mg capsules. (3)

DOSAGE AND ADMINISTRATION
Recommended Dose: 60 mg orally,
once daily. (2.1)
Instruct patients not to eat for at least 2
x
hours before and at least 1 hour after
taking CABOMETYX. (2.1).
DOSAGE FORMS AND STRENGTHS
x
20 mg, 40 mg, and 60 mg tablets. (3)

DRUG INTERACTIONS
Cabozantinib is a CYP3A4 substrate (5.10,
7.1, 7.2). Coadministration of strong
CYP3A4 inhibitors can increase
cabozantinib exposure (2.1, 5.10, 7.1).
Chronic co-administration of strong
CYP3A4 inducers can reduce cabozantinib
exposure. (2.1,
5.10, 7.2)
2. DOSAGE AND ADMINISTRATION
1.1. Recommended Dose
The recommended daily dose of
COMETRIQ is 140 mg (one 80-mg and
three 20-mg capsules).

DRUG INTERACTIONS

x

x

Acceptable

DRUG INTERACTIONS

(b) (4)

x
x

Strong CYP3A4 inhibitors: Reduce the
CABOMETYX dosage. (2.2, 7)
Strong CYP3A4 inducers: Increase the
CABOMETYX dosage. (2.2, 7)

2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dose
The recommended daily dose of
CABOMETYX is 60 mg.

Do not administer COMETRIQ with food.
Instruct patients not to eat for at least 2
hours before and at least 1 hour after taking
COMETRIQ. Continue treatment until
disease progression or unacceptable toxicity
occurs.

Do not administer CABOMETYX with
food. Instruct patients not to eat for at least 2
hours before and at least 1 hour after taking
CABOMETYX. Continue treatment until
patient no longer experiences clinical benefit
or experiences unacceptable toxicity.

Swallow COMETRIQ capsules whole. Do
not open COMETRIQ capsules.
Do not take a missed dose within 12 hours
of the next dose.
Do not ingest foods (e.g., grapefruit,
grapefruit juice) or nutritional supplements
that are known to inhibit cytochrome P450
during COMETRIQ.

Swallow CABOMETYX tablets whole. Do
not crush CABOMETYX tablets.
Do not take a missed dose within 12 hours
of the next dose.
Do not ingest foods (e.g., grapefruit,
grapefruit juice) or nutritional supplements
that are known to inhibit cytochrome P450
during CABOMETYX treatment.

2.2 Dosage Adjustments
For Adverse Reactions

2.2 Dosage Adjustments
For Adverse Reactions
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(b) (4)

Withhold COMETRIQ for NCI CTCAE
Grade 4 hematologic adverse reactions,
Grade 3 or greater non-hematologic adverse
reactions or intolerable Grade 2 adverse
reactions.

Withhold CABOMETYX for NCI CTCAE
Grade 4 adverse reactions, Grade 3 adverse
reactions that cannot be managed with a
dose reduction or supportive care, or
intolerable Grade 2 adverse reactions that
(b) (4) managed.
cannot be

Upon resolution/improvement of the adverse
reaction (i.e., return to baseline or resolution
to Grade 1), reduce the dose as follows:

Upon resolution/improvement (i.e., return to
baseline or resolution to Grade 1) of an
(b) (4)
adverse reaction
reduce the dose as follows:

x

x

x
x

If previously receiving 140 mg daily
dose, resume treatment at 100 mg
daily (one 80-mg and one 20-mg
capsule)
If previously receiving 100 mg daily
dose, resume treatment at 60 mg daily
(three 20-mg capsules)
If previously receiving 60 mg daily
dose, resume at 60 mg if tolerated,
otherwise, discontinue COMETRIQ

Permanently discontinue COMETRIQ for
any of the following:
development of visceral perforation or
x
fistula formation
x
severe hemorrhage
serious arterial thromboembolic event
x
(e.g., myocardial infarction, cerebral
infarction)
x
nephrotic syndrome
x
malignant hypertension, hypertensive
crisis, persistent uncontrolled
hypertension despite optimal medical
management
x
osteonecrosis of the jaw
x
reversible posterior
leukoencephalopathy syndrome

x
x

If previously receiving 60 mg daily
dose, resume treatment at 40 mg daily
If previously receiving 40 mg daily
dose, resume treatment at 20 mg daily
If previously receiving 20 mg daily
dose, resume at 20 mg if tolerated,
otherwise, discontinue CABOMETYX

Permanently discontinue CABOMETYX for
any of the following:
development of unmanageable fistula
x
or GI perforation
x
severe hemorrhage
(b) (4) arterial
x
thromboembolic event (e.g.,
myocardial infraction)
x
severe hypertension despite optimal
medical management
x
nephrotic syndrome
x
reversible posterior
leukoencephalopathy syndrome

In Patients with Hepatic Impairment
In Patients with Hepatic Impairment
COMETRIQ is not recommended for use in
patients with moderate and severe hepatic
impairment [see Warnings and Precautions
(5.11) and Use in Specific Populations
(8.6)].

CABOMETYX is not recommended for use
in patients with severe hepatic impairment
(b) (4)
[see
Use in Specific Populations (8.6)].

In Patients Concurrently Taking a Strong
CYP3A4 Inhibitor
Reduce the daily CABOMETYX dose by 20 mg
(for example from 60 mg to 40 mg daily or
from 40 mg to 20 mg daily). Resume the dose

In Patients Taking CYP3A4 Inhibitors
Avoid the use of concomitant strong
CYP3A4 inhibitors (e.g., ketoconazole,
itraconazole,
clarithromycin, atazanavir, nefazodone,
saquinavir, telithromycin, ritonavir,
indinavir, nelfinavir, voriconazole) in
patients receiving COMETRIQ [see
Warnings and Precautions (5.10) and Drug
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Interactions (7.1)].
For patients who require treatment with a
strong CYP3A4 inhibitor, reduce the daily
COMETRIQ dose by 40 mg (for example,
from 140 mg to 100 mg daily or from 100
mg to 60 mg daily). Resume the dose that
was used prior to initiating the CYP3A4
inhibitor 2 to 3 days after discontinuation of
the strong inhibitor.
In Patients Taking Strong CYP3A4 Inducers
Avoid the chronic use of concomitant strong
CYP3A4 inducers (e.g., phenytoin,
carbamazepine, rifampin, rifabutin,
rifapentine, phenobarbital) if alternative
therapy is available [see Warnings and
Precautions (5.10) and Drug Interactions
(7.2)].
Do not ingest foods or nutritional
supplements (e.g., St. John’s Wort
(Hypericum perforatum)) that are known to
induce cytochrome P450 activity.
For patients who require treatment with a
strong CYP3A4 inducer, increase the daily
COMETRIQ dose by 40 mg (for example,
from 140 mg to 180 mg daily or from 100
mg to 140 mg daily) as tolerated. Resume
the dose that was used prior to initiating the
CYP3A4 inducer 2 to 3 days after
discontinuation of the strong inducer. The
daily dose of COMETRIQ should not
exceed 180 mg.
5 WARNINGS AND PRECAUTIONS

Increase the daily CABOMETYX dose by 20
mg (for example, from 60 mg to 80 mg daily or
from 40 mg to 60 mg daily) as tolerated.
Resume the dose that was used prior to initiating
the CYP3A4 inducer 2 to 3 days after
discontinuation of the strong inducer. The daily
dose of CABOMETYX should not exceed 80
mg [see Drug Interactions (7), Clinical
Pharmacology (12.3)].
In Patients with Hepatic Impairment
Reduce the starting dose of CABOMETYX to
40 mg once daily in patients with mild or
moderate hepatic impairment. CABOMETYX is
not recommended for use in patients with severe
hepatic impairment [see Use in Specific
Populations (8.6), Clinical Pharmacology
(12.3)].

5 WARNINGS AND PRECAUTIONS

5 WARNINGS AND PRECAUTIONS
(b) (4)

5.10 Drug Interactions

(b) (4)

Avoid administration of COMETRIQ with
agents that are strong CYP3A4 inducers or
inhibitors [see Dosage and Administration
(2.1) and Drug Interactions (7.1, 7.2)].

5.11 Hepatic Impairment
COMETRIQ is not recommended for use in
patients with moderate or severe hepatic
impairment [see Use in Specific Populations
(8.6)].
7 DRUG INTERACTIONS

7 DRUG INTERACTIONS

7.1 Effect of CYP3A4 Inhibitors
Administration of a strong CYP3A4
inhibitor, ketoconazole (400 mg daily for 27
days) to healthy subjects increased singledose plasma cabozantinib exposure (AUC0inf) by 38%. Avoid taking a strong CYP3A4
inhibitor (e.g., ketoconazole, itraconazole,
clarithromycin, atazanavir, indinavir,
nefazodone, nelfinavir, ritonavir, saquinavir,
telithromycin, voriconazole) when taking
COMETRIQ [see Dosage and
Administration (2.1) and Warnings and
Precautions (5.10)].

7 DRUG INTERACTIONS
(b) (4)

Table 3 Clinically Significant Drug
Interactions Involving Drugs that Affect

7.2 Effect of CYP3A4 Inducers
Administration of a strong CYP3A4
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abozantinib

(b) (4)

inducer, rifampin (600 mg daily for 31 days)
to healthy subjects decreased single-dose
plasma cabozantinib exposure (AUC0-inf)
by 77%. Avoid chronic co-administration of
strong CYP3A4 inducers (e.g.,
dexamethasone, phenytoin, carbamazepine,
rifampin, rifabutin, rifapentine,
phenobarbital, St. John’s Wort) with
COMETRIQ [see Dosage and
Administration (2.1) and Warnings and
Precautions (5.10)].

(b) (4)

8 USE IN SPECIFIC POPULATIONS

8 USE IN SPECIFIC POPULATIONS

8.3 Pediatric Use

8.3 Pediatric Use

The safety and effectiveness of COMETRIQ
in pediatric patients have not been studied.

The safety and effectiveness of
CABOMETYX in pediatric patients have
not been studied.

8.4 Geriatric Use
Clinical studies of COMETRIQ did not
include sufficient numbers of patients aged
65 years and over to determine whether they
respond differently from younger patients

Acceptable

8.4 Geriatric Use
In the Phase 3 study, 41% of RCC patients
treated with CABOMETYX were age 65
years and older, and 8% were age 75 and
older. No differences in safety or efficacy
were observed between older and younger
patients.

Acceptable

8.6 Hepatic Impairment

8.6 Hepatic Impairment

8.6 Hepatic Impairment

(b) (4)

Cabozantinib pharmacokinetics has not
been studied in patients with hepatic
impairment. There are limited data in
patients with liver impairment (serum
bilirubin greater than 1.5 times the upper
limit of normal). COMETRIQ is not
recommended for use in patients with
moderate or severe hepatic impairment, as
safety and efficacy have not been
established [see Dosage and Administration
(2.1) and Warnings and Precautions
(5.11)].

CABOMETYX

8.7 Renal Impairment

8.7 Renal Impairment

No dose adjustment is recommended for
patients with mild or moderate renal
impairment. There is no experience with
COMETRIQ in patients with severe renal
impairment.

in patients with mild or moderate renal
impairment. There is no experience with
CABOMETYX in patients with severe renal
(b) (4)
impairment [see
(12.3)].

Dosage adjustment is not required in patients
with mild or moderate renal impairment. There
is no experience with CABOMETYX in patients
with severe renal impairment [see Clinical
Pharmacology (12.3)].

12 CLINICAL PHARMACOLOGY

12 CLINICAL PHARMACOLOGY

12 CLINICAL PHARMACOLOGY
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,

(b) (4)
(b) (4)

with mild or moderate hepatic
impairment

(b) (4)

(b) (4)

CABOMETYX is not recommended for use
in patients with severe hepatic impairment,
(b) (4)
(b) (4)

(2.2),

[see Dosage and Administration
(b) (4)
and
(b) (4)
(12.3)].

Increased exposure to cabozantinib has been
observed in patients with mild to moderate
hepatic impairment. Reduce the
CABOMETYX dose in patients with mild
(Child-Pugh score (C-P) A) or moderate (C-P B)
hepatic impairment. CABOMETYX is not
recommended for use in patients with severe
hepatic impairment [see Dosage and
Administration (2.2), and Clinical
Pharmacology (12.3)].

8 7 Renal Impairment
(b) (4)

NDA 208692 Clinical Pharmacology Review - Cabozantinib
31

12.3 Pharmacokinetics

12.3 Pharmacokinetics

12 3 Pharmacokinetics
(b) (4)

A population pharmacokinetic analysis of
cabozantinib was performed using data
collected from 289 patients with solid
tumors including MTC following oral
administration of 140 mg daily doses. The
predicted effective half-life is approximately
55 hours, the oral volume of distribution
(V/F) is approximately 349 L, and the
clearance (CL/F) at steady-state is estimated
to be 4.4 L/hr.

Repeat daily dosing of cabozantinib at 140 mg
for 19 days resulted in 4- to 5-fold mean
cabozantinib accumulation (based on AUC)
compared to a single dose administration; steady
state was achieved by Day 15.
Absorption
Following oral administration of cabozantinib,
median time to peak cabozantinib plasma
concentrations (Tmax) ranged from 2 to 3 hours
post dose.

Absorption and Distribution
Following oral administration of
COMETRIQ, median time to peak
cabozantinib plasma concentrations (Tmax)
ranged from 2 to 5 hours post-dose. Repeat
daily dosing of COMETRIQ at 140 mg for
19 days resulted in 4- to 5-fold mean
cabozantinib accumulation (based on AUC)
compared to a single dose administration;
steady state was achieved by Day 15.
Cabozantinib is highly protein bound in
human plasma (≥ 99.7%).
A high-fat meal increased Cmax and AUC
values by 41% and 57%, respectively
relative to fasted conditions in healthy
subjects administered a single 140 mg oral
COMETRIQ dose.
Metabolism and Elimination
Cabozantinib is a substrate of CYP3A4 in
vitro. Inhibition of CYP3A4 reduced the
formation of the XL184 N-oxide metabolite
by >80%. Inhibition of CYP2C9 had a
minimal effect on cabozantinib metabolite
formation (i.e., a <20% reduction).
Inhibition of CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C19, CYP2D6 and
CYP2E1 had no effect on cabozantinib
metabolite formation.
Within a 48-day collection period after a
single dose of 14C-cabozantinib in healthy
subjects, approximately 81% of the total
administered radioactivity was recovered
with 54% in feces and 27% in urine.
Specific Populations
Renal Impairment: No formal
pharmacokinetic study of cabozantinib has
been conducted in patients with renal
impairment. The results of a population
pharmacokinetic analysis suggested that
mild to moderate renal impairment
(creatinine clearance value ≥30 mL/min)
does not have a clinically relevant effect on
the clearance of cabozantinib.
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Absorption (b) (4) Distribution
Following oral administration of
cabozantinib, median time to peak
cabozantinib plasma concentrations (Tmax)
ranged from 2 to 3 hours post-dose. Repeat
daily dosing of cabozantinib at 140 mg for
19 days resulted in 4- to 5-fold mean
abozantinib accumulation (based on AUC)
compared to a single dose administration;
steady state was achieved by Day 15.
Cabozantinib is highly protein bound in
human plasma (≥ 99.7%).
A high-fat meal increased Cmax and AUC
values by 41% and 57%, respectively
relative to fasted conditions in healthy
subjects administered a single 140 mg oral
dose of cabozantinib capsules.
Metabolism

(b) (4)

A 19% increase in the Cmax of the tablet
formulation (CABOMETYX) compared to the
capsule formulation (COMETRIQ®) was
observed following a single 140 mg dose. A less
than 10% difference in the AUC was observed
between cabozantinib tablet (CABOMETYX)
and capsule (COMETRIQ) formulations [see
Dosage and Administration (2.1)].
Cabozantinib Cmax and AUC values increased
by 41% and 57%, respectively, following a
high-fat meal relative to fasted conditions in
healthy subjects administered a single 140 mg
oral dose of an investigational cabozantinib
capsule formulation.
Distribution
The oral volume of distribution (Vz/F) of
cabozantinib is approximately 319 L.
Cabozantinib is highly protein bound in human
plasma (≥ 99.7%).
Elimination
The predicted terminal half-life is approximately
99 hours and the clearance (CL/F) at steadystate is estimated to be 2.2 L/hr.

Elimination

Cabozantinib is a substrate of CYP3A4 in
vitro. Inhibition of CYP3A4 reduced the
(b) (4)
formation of the
metabolite
by >80%. Inhibition of CYP2C9 had a
minimal effect on cabozantinib metabolite
formation (i.e., a <20% reduction).
Inhibition of CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C19, CYP2D6 and CYP2E1
had no effect on cabozantinib metabolite
formation.
Within a 48-day collection period (b) (4) a
single dose of 14C-cabozantinib in healthy
(b)
subjects, approximately (4)% of the total
(b) (4)
radioactivi was recovered
with 54% in feces and 27% in urine.

Metabolism
Cabozantinib is a substrate of CYP3A4 in vitro.
Excretion
Approximately 81% of the total administered
radioactivity was recovered within a 48-day
collection period following a single 140 mg dose
of an investigational 14C-cabozantinib
formulation in healthy subjects. Approximately
54% was recovered in feces and 27% in urine.
Unchanged cabozantinib accounted for 43% of
the total radioactivity in feces and was not
detectable in urine following a 72 hour
collection.
Specific Populations

Specific Populations
(b) (4)

The following patient characteristics did not
result in a clinically relevant difference in the
pharmacokinetics of cabozantinib: age (32-86
years), sex, race (Whites and non-Whites), or
mild to moderate renal impairment (eGFR
greater than or equal to 30 mL/min/1.73 m2 as
estimated by MDRD (modification of diet in
renal disease equation)). The pharmacokinetics
of cabozantinib is unknown in patients with
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(b) (4)

worse than moderate renal impairment (eGFR
less than 29 mL/min/1.73m2) as estimated by
MDRD equation or renal impairment requiring
dialysis
Hepatic Impairment

Hepatic Impairment: The pharmacokinetics
of cabozantinib has not been studied in
patients with hepatic impairment [see
Dosage and Administration (2.1), Warnings
and Precautions (5.11) and Use in Specific
Populations (8.6)].
Pediatric Population: The pharmacokinetics
of cabozantinib has not been studied in the
pediatric population [see Use in Specific
Populations (8.3)].

Effects of Age, Gender and Race: A
population PK analysis did not identify
clinically relevant differences in clearance
of cabozantinib between females and males
or between Whites (89%) and non-Whites
(11%). Cabozantinib pharmacokinetics was
not affected by age (20-86 years).

CYP Enzyme Inhibition and Induction:
Cabozantinib is a noncompetitive inhibitor
of CYP2C8 (Kiapp = 4.6 μM), a mixed-type
inhibitor of both CYP2C9 (Kiapp = 10.4
μM) and CYP2C19 (Kiapp = 28.8 μM), and
a weak competitive inhibitor of CYP3A4
(estimated Kiapp = 282 μM) in human liver
microsomal (HLM) preparations. IC50
values >20 μM were observed for CYP1A2,
CYP2D6, and CYP3A4 isozymes in both
recombinant and HLM assay systems.
Cabozantinib is an inducer of CYP1A1
mRNA in human hepatocyte incubations
(i.e., 75-100% of CYP1A1 positive control
β-naphthoflavone induction), but not of
CYP1A2, CYP2B6, CYP2C8, CYP2C9,
CYP2C19 or CYP3A4 mRNA or isozymeassociated enzyme activities.
Cabozantinib at steady-state plasma
concentrations (≥100 mg/day daily for a
minimum of 21 days) showed no effect on
single-dose rosiglitazone (a CYP2C8
substrate) plasma exposure (Cmax and
AUC) in patients with solid tumors.
P-glycoprotein Inhibition: Cabozantinib is
an inhibitor (IC50 = 7.0 μM), but not a
substrate, of P-gp transport activities in a bidirectional assay system using MDCKMDR1 cells. Therefore, cabozantinib may
have the potential to increase plasma
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(b) (4)
Hepatic Impairment
(b) (4)
patients
(b) (4)
exposure (AUC0-inf) increased by 81%
(b) (4)
and 63% in
with mild (b) (4) and
(b) (4)
moderate
hepatic impairment (b)
(4)

Pediatric Population
The pharmacokinetics of cabozantinib has not
been studied in the pediatric population [see Use
in Specific Populations (8.4)].

(b) (4)

respectively. Patients with severe hepatic
impairment have not been studied [see
(b) (4)
Dosage and Administration
(b) (4)
Use in Specific
Populations (8.6)].

Drug Interactions
CYP3A4 Inhibition on Cabozantinib
Administration of a strong CYP3A4 inhibitor,
ketoconazole (400 mg daily for 27 days) to
healthy subjects increased single-dose plasma
cabozantinib exposure (AUC0-inf) by 38%.

Pediatric Population: The pharmacokinetics
of cabozantinib has not been studied in the
pediatric population [see Use in Specific
Populations (b) (4) .

CYP3A4 Induction on Cabozantinib

(b) (4)
(b) (4)

did not
clinically relevant
cabozantinib
(b) (4)
Whites and non-Whites.

Administration of a strong CYP3A4 inducer,
rifampin (600 mg daily for 31 days) to healthy
subjects decreased single-dose plasma
cabozantinib exposure (AUC0-inf) by 77%.

(b) (4)
(b) (4)
(b) (4)

(b) (4)
(b) (4)

Drug Interactions

Cabozantinib exposure (AUC0-inf) increased by
81% and 63%, respectively, in patients with
mild (C-P A) and moderate (C-P B) hepatic
impairment. Patients with severe hepatic
impairment have not been studied [see Dosage
and Administration (2.2), Use in Specific
Populations (8.6)].

Cabozantinib on CYP2C8 substrates

age (32-86 years).

Drug Interactions

(
(b) (4)

No clinically-significant effect on single-dose
rosiglitazone (a CYP2C8 substrate) plasma
exposure (Cmax and AUC) was observed when
co-administered with cabozantinib at steadystate plasma concentrations (≥ 100 mg/day daily
for a minimum of 21 days) in patients with solid
tumors.
Gastric pH modifying agents on Cabozantinib
No clinically-significant effect on plasma
cabozantinib exposure (AUC) was observed
following co-administration of the proton pump
inhibitor (PPI) esomeprazole (40 mg daily for 6
days) with a single dose of 100 mg cabozantinib
to healthy volunteers.
In vitro Studies
Metabolic Pathways
Inhibition of CYP3A4 reduced the formation of
the oxidative metabolite by > 80%. Inhibition of
CYP2C9 had a minimal effect on cabozantinib
metabolite formation (i.e., a <20% reduction).
Inhibition of CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C19, CYP2D6 and CYP2E1
had no effect on cabozantinib metabolite
formation.
Although cabozantinib is an inhibitor of
CYP2C8 in vitro, a clinical study of this
potential interaction concluded that concurrent
use did not result in a clinically relevant effect
on CYP2C8 substrate exposure. Given this
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1 SUMMARY OF FINDINGS
The cabozantinib dose of 60 mg QD appears reasonable for proposed indication based on
exposure-response (ER) relationship for efficacy and safety. A PMC study is
recommended to evaluate the effect of cancer disease type on PK of Cabozantinib as the
apparent clearance of Cabozantinib is two-fold higher in MTC patients than RCC patients
based on population PK analysis.
1.1 Key Review Questions
The purpose of this review is to address the following key questions.
1.1.1 Is the starting dose of 60 mg QD supported by the ER relationship for safety
and efficacy?
Yes.
ER Relationship for Safety:
Exposure safety analysis indicates that patients with higher drug exposure tended to
experience adverse reactions and dose modifications earlier.
The exploratory KM plot for time to first incidence of different AE types shows the
following results (Figure 1):
x Fatigue/Asthenia: The result shows an increased fraction of subjects with fatigue
or asthenia in the highest exposure tertile.
x Nausea/Vomiting: The relatively small fraction of subjects that experienced
nausea or vomiting was observed.
x PPES: The fraction of subjects with PPE increases with higher exposure tertiles.
x Diarrhea: The fraction of subjects with diarrhea increases with higher exposure
tertiles.
x Stomatitis: The plot highlights the relatively small fraction of subjects that
experienced stomatitis.
x Hypertension: The fraction of subjects with hypertension is increased in the two
larger exposure tertiles relative to the lowest exposure tertile. The fractions of
subjects with hypertension are similar for the two largest exposure tertiles.
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Figure 1: Kaplan-Meier Plots for Adverse Reactions by Average Exposure Tertile

Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
To evaluate the association between dose-altering AE and individual exposure, a
longitudinal exposure-dose-altering AE model was developed. The survival model for
repeated events showed a significant relationship between the time to dose modifications
and individual-predicted cabozantinib concentration over the 24 hours prior to the
4
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observed AEs (CAVG1D). Using this model, the virtual dosing history was simulated at
different starting dose levels (20 mg and 40 mg) to evaluate the potential reduction in the
incidence of dose interruption/reduction (Table 1).
Table 1: Simulation of Dosing History: Percentage of Subjects on 20 mg, 40 mg, or 60
mg Once Daily Treatment Regimens at Month 6 and Month 12

Time
Point

6 Month

12
Month

Observed %

Simulated 20
mg Starting
Dose (%)

Simulated 40
mg Starting
Dose (%)

Simulated 60
mg Starting
Dose (%)

20

15.8

100

24.1

9.8

40

35.9

N/A

75.9

35.1

60

48.0

N/A

N/A

55.1

20

17.0

100

36.7

20.8

40

39.8

N/A

63.3

43.3

60

42.9

N/A

N/A

35.9

Dose
(mg)

Numbers in the table are the percentage of subjects that stay on 20 mg, 40 mg, and 60 mg
(excluding dose interruptions) at 6 months and 12 months for Study 308, the simulated 20
mg starting dose scenario, the simulated 40 mg starting dose scenario, and the simulated
60 mg starting dose scenario.
Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
These results suggest that decreasing starting dose levels could potentially reduce the
incidence of dose altering AE.
ER Relationship for Efficacy:
The proposed dosing regimen is supported by the ER relationship of efficacy as the
analysis suggests that a lower dose level may result in compromised benefit in terms of
the primary endpoint, progression-free survival (PFS), as well as the drug anti-tumor
activity. Based on ER analysis, there appears to a positive and saturable exposureefficacy relationship between cabozantinib exposure and PFS or anti-tumor activity under
the exposure range of 60 mg QD and the subsequent lower dose levels (40 mg QD and 20
mg QD) for the proposed indication.
In the exposure-PFS relationship analysis, the relationship was explored by Cox
regression model where the drug exposure effect on hazard was an Emax function of the
PPK model-predicted cabozantinib exposure based on dosing records. On each day, the
average cabozantinib concentration over its prior three weeks was calculated, and
employed as the exposure metrics (CAVG3W). The EC50 was estimated as 100 ng/mL,
which is less than one tenth of the cabozantinib steady-state average concentrations in a
typical individual with 60 mg QD. As there had been a 60% dose reduction rate in the 60
mg treatment group in study 308, higher dose would not be further discussed for dose
optimization due to safety concerns.
5
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This model suggests exposure under lower dose levels (e.g., 40 mg and 20 mg) may
result in a shorter PFS compared with 60 mg QD (Table 2). The potential loss of efficacy
at lower dose levels suggests that the proposed cabozantinib dose (60 mg QD) seems
reasonable based on this exposure-PFS analysis.
Table 2: Emax Model Hazard Ratios for Progression Free Survival
CAVG3Wa

HR Relative to CAVG3W = 1125 mg/mL (60 mg QD)

375 ng/mL (20 mg QD)

1.39

750 ng/mL (40 mg QD)

1.10

HR = hazard ratio
a

Cabozantinib concentrations correspond to model predicted typical individual steadystate average concentrations for the 20 mg and 40 mg once daily dosing regimens.
Source: Adapted from the SSynopsis of Exposure-Response Report, Study No. XL184308.ER.001, Table 14
In addition, an exposure-tumor size model was developed. The model is composed of a
first-order growth rate, nonlinear cabozantinib drug effect, and a resistance component.
The drug effect on tumor suppression was described as an Emax function with EC50 as
251 ng/mL. This tumor model was used to predict the tumor dynamics at different lower
dose levels (40 mg and 20 mg) with dose interruption/reduction taken into account. The
virtual dosing history was simulated using sponsor’s exposure-dose-altering model
(DMPK model, see Section 3 for details). Based on the simulated dosing history, the
tumor dynamics was simulated to evaluate the potential loss of efficacy at lower starting
dose levels. For starting dose levels at 20 mg, 40 mg, and 60 mg, the median percent
change from baseline tumor size is shown in Figure 2. Subjects in the 60 mg QD dose
group are predicted to have greater reduction in tumor size (median percent change from
baseline = -11.9%) relative to the 40 mg and 20 mg QD dose groups. Subjects in the 40
mg QD dose group are predicted to have a lower median percent reduction from baseline
(-9.1% for 40 mg and -4.45% for 20 mg) tumor sizes relative to the case in the 60 mg
starting dose group.
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Figure 2: Comparison of Predicted Median Percent Change from Baseline Tumor
Diameter for 20 mg, 40 mg, and 60 mg Cabozantinib Starting Doses

Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
Based on the simulated tumor size, best overall response (BOR) was computed for each
subject. The predicted percentage of subjects with different BOR for a 20 mg, 40 mg, and
60 mg starting dose treatment regimen are shown in Table 3. A lower objective response
rate (ORR) in the 40 and 20 mg starting dose t groups was predicted relative to the 60
dose treatment groups.
Table 3: Simulated ORR based on model predicted tumor dynamics

Source: Adapted from Study No. XL184-308.ER.002 – Memorandum
Overall, the proposed 60 mg QD starting dose is acceptable given the overall favorable
benefit/risk profile at 60 mg QD dose and potential loss of efficacy at lower starting dose.
1.1.2 Is the relevant labeling regarding intrinsic factors (Age, Gender and Race)
adequately supported by population PK analysis?
Yes, female gender and Asian race were identified as statistically significant covariate on
apparent clearance in the PPK analysis. According to the PPK model, female subjects had
7
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21% lower apparent clearance compared with a male subjects, and an Asian subjects
would have 27% lower apparent clearance compared with a Caucasian subject. The
impact of gender and race look mild upon clearance and they explained a small
proportion of drug variability. The inter-subject variability was 21.3% when gender and
race were adjusted, as compared with 22.7% without these two covariates included in this
PPK model. Age was not identified as a statistically significant covariate.
In addition, the apparent clearance for a typical RCC patient is 2.2L/Hr based on the
PPK model. However, the apparent clearance in a typical MTC patient is about 4.4 L/Hr
according to the FDA pharmacometrics review on NDA203756. Therefore, further
investigation is recommended to address such discrepancy in PK between two patient
populations.
1.2
Recommendations
Division of Pharmacometrics finds NDA 208692 acceptable from a clinical
pharmacology perspective. A PMC study is recommended to evaluate the effect of cancer
disease type on PK of Cabozantinib as the apparent clearance of Cabozantinib is two-fold
higher in MTC patients than RCC patients based on population PK analysis.
1.3
Label Statements
See section 3 of the Clinical Pharmacology Review.
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2

RESULTS OF SPONSOR’S ANALYSIS
2.1

Population PK Analysis

The primary objectives of this analysis were to:

x
x
x

Develop a population pharmacokinetic (PopPK) model to characterize the
cabozantinib concentration-time profile in healthy subjects and patients with renal
cell carcinoma (RCC);
Investigate the effects of selected covariates on cabozantinib PK parameters to derive
a final parsimonious model;
Generate individual predicted cabozantinib exposure measures for exploratory
graphical assessment of the relationship between pertinent efficacy and safety
endpoints and drug exposure in patients with RCC.

2.1.1 Data
The population PK analysis for cabozantinib was based on pooled data collected from
Study XL184-020 in healthy subjects, and then updated when data were available from
Study XL184-308 in patients with RCC. The summary of demographics is presented in
Table 4 and Table 5
Table 4: Summary of Studies included in Population PK Analysis

Source: Synopsis of sponsor’s population PK report, XL184-308.PopPK.001
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Table 5: Summary of Demographics and Covariates information

Source: Synopsis of sponsor’s population PK report, XL184-308.PopPK.001
2.1.2 Results
x A two-compartment disposition model with dual (fast and slow) lagged first-order
absorption processes adequately characterized the concentration-time profile of
cabozantinib in healthy subjects and patients with RCC (Figure 3).
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Figure 3: Diagram of Cabozantinib Model Structure

Source: Sponsor’s population PK report, XL184-308.PopPK.001

x

The predicted PK parameter values for a typical White male subject were:
approximately 99 hours for terminal plasma half-life, approximately 319 L for
terminal phase volume of distribution (Vz), and approximately 2.23 L/hr for steady
state oral clearance (CL/F). Inter-individual variability (IIV) in clearance (%CV for
CL/F) was estimated to be 46%.
x Female gender and Asian race were significant covariates on CL/F, where female
subjects had 21% lower CL/F compared with male subjects and Asian subjects had
27% lower CL/F compared with White subjects.
x Covariates determined to have a non-significant effect on CL/F were age, baseline
body mass index, baseline hemoglobin, baseline total bilirubin, baseline alanine
aminotransferase, baseline serum albumin, baseline calculated creatinine clearance
and population (healthy subjects or patients with RCC).
Parameter estimates and corresponding 90% CI for the preliminary final covariate model
are summarized in Table 6.
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Table 6: Parameter Estimates (90% CI) for Cabozantinib Final PK Model

Source: Synopsis of sponsor’s population PK report, XL184-308.PopPK.001
The overall goodness-of-fit plots for the preliminary final PK model are shown in Figure
4. Goodness-of-fit plots for the preliminary final PK model generally indicated an
acceptable model fit based on similarity of geometric mean PREDs and IPREDs to the
geometric mean observed data. The NONMEM control stream and output along with the
diagnostic plots for the preliminary final PK model are located in Appendix 3. The
residuals were generally centered around zero with homogeneous variation across the
range of predicted concentrations. No appreciable covariate trends in the ETAs were
observed for the preliminary final covariate model, suggesting that the preliminary final
model adequately described the covariate effects.

12

Reference ID: 3917128

Figure 4: Goodness-of-Fit Plots for Preliminary Final Model by Study and Dose
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Black open circles correspond to individual PK observations; blue solid squares, pink
dashed lines and green solid lines represent geometric means of observations, individual
predictions (IPRED) and typical individual predictions (PRED), respectively.
Source: Sponsor’s population PK report, XL184-308.PopPK.001
Reviewer’s comments:
x Sponsor population PK model is reasonable.
x From the population PK perspective, the reviewer agrees with sponsor’s
conclusion that no significant effect on PK was identified for age, baseline body
mass index, baseline hemoglobin, baseline total bilirubin, baseline alanine
aminotransferase, baseline serum albumin, baseline calculated creatinine
clearance and population (healthy subjects or patients with RCC).
x Based on the PPK analysis, the estimated apparent clearance is 2.23L/hr. While
in MTC patient (refer FDA pharmacometrics review for NDA203756), the
estimated apparent clearance for a typical individual is 4.42L/hr, which is about
2-fold higher than apparent clearance estimated in RCC patients. Population PK
analysis by pooling the data from MTC and RCC patients is needed to explore the
effect of cancer disease type on PK of cabozantinib.
2.2 Exposure-Response Analysis
In the XL184-308.ER.001, sponsor conducted exposure response analysis to:
x
x
x

Develop population exposure-response models to characterize the relationship
between cabozantinib exposure and various efficacy and safety endpoints in subjects
with renal cell carcinoma (RCC);
Investigate the effects of selected covariates on the cabozantinib exposure-response
relationships for efficacy and perform covariate selections to derive final
parsimonious models;
Generate model predictions to illustrate the relationships between cabozantinib
exposure and the clinical endpoints and support dosage recommendations.
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Figure 7 illustrates the impact of selected cabozantinib exposure values on the predicted
survival curves. These curves show the predicted fraction of subjects without disease
progression or death. The typical individual predicted average steady-state cabozantinib
concentration for 20 mg (375 ng/mL), 40 mg (750 ng/mL), and 60 mg (1125 ng/mL) QD
doses was used for exposure in the predictions. The exposures are based on cabozantinib
concentrations that are constant over the course of the study. These curves do not reflect
the time required to reach steady-state or any observed dosing irregularities which would
be expected in observed data. These plots illustrate the relative effect of different
cabozantinib concentrations on PFS in an ideal sense.
Figure 7: Predicted Survival Curves for Progression Free Survival for Selected Values of
Average Cabozantinib Concentration at Reference Conditions for Other Covariates

Caption: Typical individual predicted steady-state average cabozantinib concentration for
the 20 mg (black), 40 mg (blue), and 60 mg (red) doses are 375, 750, and 1125 ng/mL,
respectively. The solid line represents the fraction of subjects at each dose level without
progress disease or death over time. The dashed lines represent 95% confidence intervals.
Source: Synopsis of Exposure-Response Report, Study No. XL184-308.ER.001
Other covariates were further evaluated by the sponsor. Besides CAVG3W, baseline
ECOG score ≥1, baseline sum of tumor diameter greater than median, liver metastasis,
high MET IHC status, and elapsed time less than 3 months before progressive disease on
prior TKI therapy. Parameter estimates for the final model are provided in Table 9.
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constant which governs the rate of attenuation, EC50 is the cabozantinib concentration
yielding one-half of the current tumor decay rate, and Cavg is the individual predicted
daily average cabozantinib concentration. The parameter estimates for the exposureresponse tumor model are provided in Table 10. The goodness of fit plots are shown in
Figure 8
Figure 8: Goodness of Fit for Exposure- Tumor Model

Source: Synopsis of Exposure-Response Report, Study No. XL184-308.ER.001
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Table 10: Parameter Estimates for Exposure-Response Model for Sum of Tumor Diameter

Source: Synopsis of Exposure-Response Report, Study No. XL184-308.ER.002
Reviewer’s comment: The sponsor’s exposure-tumor size model seems reasonable. The
drug resistance was incorporated as an empirical manner by adding a time term onto the
maximal effect of the drug.
2.3 Exposure-Safety Analysis
In order to directly evaluate the effects of exposure on dose reduction/interruption, FDA
issued an IR to sponsor with detailed instruction to model the relationship between
cabozantinib exposure and dose-altering AEs. The following review will be focusing on
this part.
Repeated Time-to-Event All Dose Modification Model
A repeated time-to-event model was constructed incorporating all dose changes,
including dose increases (DMPK model). The hazard for the all dose modification model
is defined by the following equation, where the hazard is dependent on whether a subject
is currently on a dose interruption.
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The parameter estimates for the final model are provided in Table 11. When subjects are
not on a dose interruption, increases in cabozantinib concentration increase the
instantaneous risk for a dose modification.
Table 11: Parameter Estimates for All Dose Modification Repeated Time-to-Event
Model

Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
Reviewer’s comment: The exposure-dose altering AE model relies on the assumption that
the exposure has instantaneous effects upon the hazard. This assumption may not be valid
if drug exposure had an indirect impact on the likelihood to have AEs, through some
latent variables. In addition, the probability of dose reduction may be dependent on how
many dose interruptions a subject has experienced previously, but this scenario was not
described in this model.
2.4

Simulations

Simulation of dose reduction/interruption with varying dosing regimens.
Simulations were performed to compare the effects of cabozantinib on longitudinal tumor
size for a starting dose of 60 mg versus a starting dose of 40 mg and 20 mg. The DMAK
model was used to simulate longitudinal Cavg for 1000 subjects over 12 months based on
the changing dosing events. To mimic dose change scenarios noted in the observed
dataset, at the time of each simulated event, the observed probability of having a dose
reduction, interruption, or dose escalation based on the current dose was used.
Furthermore, if the current dose was 0, representing an interruption, the observed
probability of escalating to 20, 40, or 60 given the dose prior to the interruption was used.
The simulation results are shown in Table 1
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Time course of tumor size was simulated with the exposure-tumor size model for
different starting dose based on the simulated dosing history (Figure 2Error! Reference
source not found.). Subjects in the 20mg QD starting dose treatment group showed
significant loss of efficacy in terms of the tumor size reduction, relative to the 60 mg QD
starting dose treatment group. In addition, tumor suppression is also compromised in the
40 mg QD starting dose treatment group.
Based on the simulated tumor dynamics, the sponsor computed the tumor response at
baseline and every 8 weeks for 1 year using the longitudinal sum of tumor diameter
predictions.
The response value was computed in accordance with the response criteria specified for
Study XL184-308. From the longitudinal response data, the BOR was computed for each
subject. The predicted percentage of subjects with CR, PR, SD, or PD for a 20 mg, 40
mg, and 60 mg starting dose treatment regimen are provided in Table 2. A higher
percentage of subjects achieve the Objective Response Rate (ORR – based on CR plus
PR), and a lower percentage of subjects have PD in the 60 mg starting dose treatment
group relative to the 20 mg and 40 mg starting dose treatment groups (Table 12).

Table 12: Percentage of Simulated Subjects (N=1000) Achieving Each Best Overall
Response Category

Source: Adapted from Study No. XL184-308.ER.002 - Memorandum
Reviewer’s comment: Monte Carlo simulation was used to generate the virtual dosing
history and time course of tumor sizes. As the sponsor developed the exposure-dosealternation model and exposure-tumor dynamics separately, the potential association
between the probability to respond (efficacy) and likelihood to have severe AEs could not
be incorporated into the model and thus be reproduced by generating virtual population.
Simulations using post-hoc estimates are able to address this issue to some extent. In
addition, as sponsor mentioned, subject drop out due to progressive disease, death or
consent censoring was not considered in generating the virtual dosing history, which may
make the simulated dose reduction rate higher than observed.
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3 APPENDIX – IR TO SPONSOR
Please address the following questions and submit the dataset regarding the exposureresponse (ER) analysis:
1.
Please use the exposure-efficacy/safety analyses to assess whether a lower dose of
cabozantinib can achieve efficacy similar to the 60 mg dose, but has less toxicity. In
addition to ORR, PFS and OS, the longitudinal continuous tumor size should be analyzed
in the following way to evaluate a lower dose:
a.
Develop an exposure-response model for the time course of tumor size for
cabozantinib in RCC patients. Longitudinal drug exposure based on the actual doses
should be used.
b.
Develop a longitudinal exposure – AE model. Sponsor may treat all dosealtering/interrupting AEs as one repeatable event.
c.
Simulate the dose modification/interruption scenario with a lower starting dose
levels (such as 12mg) using the exposure-AE model developed in step b and the current
dose adjustment algorithm.
d.
Sponsor could also assess the net benefit of adding an up-titration option to the
current titration algorithm.
e.
Based on the dose simulated from step c, individual longitudinal exposure can be
simulated based on the individual PK parameters from the population PK model. The
individual exposure can be used to simulate the time course of tumor size with the lower
starting doses.
2.
Please submit a dataset for FDA reviewer’s analysis as SAS transport files (*.xpt)
with define.pdf files. The dataset should include:
a.

Time and reasons for each dose adjustment and interruption;

b.
Types of co-medications at time point when each dose interruption and adjustment
happens;
c.

Dose level after each modification.
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