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Abstract

Cabozantinib is registered in fixed 60 mg dose. However, 46% to 62% of patients in

the registration studies needed a dose reduction due to toxicity. Improved clinical

efficacy has been observed in renal cell carcinoma patients (RCC) with a cabozantinib

exposure greater than 750 μg/L. In our study we explored the cabozantinib exposure

in patients with different tumour types. We included RCC patients from routine care

and salivary gland carcinoma (SGC) patients from a phase II study with ≥1 measured

Cmin at steady-state. The geometric mean (GM) Cmin at the starting dose, at 40 mg

and at best tolerated dose (BTD) were compared between both tumour types. Forty-

seven patients were included. All SGC patients (n = 22) started with 60 mg, while

52% of RCC patients started with 40 mg. GM Cmin at the start dose was 1456 μg/L

(95% CI: 1185-1789) vs 682 μg/L (95% CI: 572-812) (P < .001) for SGC and RCC

patients, respectively. When dose-normalised to 40 mg, SGC patients had a signifi-

cantly higher cabozantinib exposure compared to RCC patients (Cmin 971 μg/L [95%

CI: 790-1193] vs 669 μg/L [95% CI: 568-788]) (P = .005). Dose reductions due to

toxicity were needed in 91% and 60% of SGC and RCC patients, respectively. Median

BTD was between 20 to 30 mg for SGC and 40 mg for RCC patients. GM Cmin at

BTD were comparable between the SGC and the RCC group, 694 μg/L (95% CI:

584-824) vs 583 μg/L (95% CI: 496-671) (P = .1). The observed cabozantinib expo-

sure at BTD of approximately 600 μg/L is below the previously proposed target. Sur-

prisingly, a comparable exposure at BTD was reached at different dosages of

cabozantinib for SGC patients compared to RCC patients Further research is

warranted to identify the optimal exposure and starting dose to balance efficacy and

toxicity.

Abbreviations: BTD, best tolerated dose; CI, confidence interval; Cmax, maximum concentration; Cmin, trough concentration; GM, geometric mean; HCC, hepatocellular carcinoma; ICI, checkpoint

inhibitors; IMDC, International Metastatic Database Consortium; IRB, Institutional Review Board; MET, hepatocyte growth factor receptor; MTC, medullary thyroid cancer; OD, once daily;

ORR, overall response rate; OS, overall survival; PFS, progression free survival; PK, pharmacokinetics; PPI, proton pump inhibitor; RCC, renal cell carcinoma; SGC, salivary gland cancer;

TAM, Tyro3, Axl and Mer; TDM, therapeutic drug monitoring; TKI, tyrosine kinase inhibitor; VEGFR, vascular endothelial growth factor receptor.
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What's new?

Cabozantinib, a potent tyrosine kinase inhibitor that targets multiple signaling pathways, is

approved for use against advanced renal cell carcinoma (RCC). Variations in cabozantinib clear-

ance, however, warrant further investigation. Here, the authors evaluated cabozantinib expo-

sure in RCC patients and in patients with salivary gland cancer (SGC). SGC patients were found

to have significantly higher cabozantinib exposure compared to RCC patients following a 40 mg

dose. However, the best-tolerated cabozantinib exposure was equivalent (~600 μg/L) for both

tumor types and was substantially below the previously proposed target. The findings offer

insight on exposure, dose, and the balance between efficacy and toxicity for cabozantinib.

1 | INTRODUCTION

Cabozantinib is a potent oral tyrosine kinase inhibitor targeting

multiple kinases, including the vascular endothelial growth factor

receptor 2 (VEGFR2) and the hepatocyte growth factor receptor

(MET). Inhibition of these key signalling pathways affects the tumour

vasculature and averts angiogenesis, proliferation and metastasis of

cancer cells.1 A distinctive feature of cabozantinib over other VEGFR

inhibitors is that it also targets the Tyro3, Axl and Mer (TAM) family of

receptor kinases, which is thought to contribute to an antitumor

immunomodulating effect.2

Cabozantinib capsules (Cometriq) have been approved for treat-

ment of progressive, unresectable locally advanced medullary thy-

roid cancer (MTC) in a fixed dose of 140 mg once daily (OD).

Cabozantinib tablets (Cabometyx) in a fixed dose of 60 mg once

daily have been approved for treatment of patients with advanced

renal cell carcinoma (RCC) and for patients with hepatocellular carci-

noma (HCC) who have previously been treated with sorafenib.3

Recently, cabozantinib in combination with checkpoint inhibitors

(ICI) has shown promising results in RCC patients.4,5 The combina-

tion of cabozantinib and nivolumab for patients with metastatic RCC

has been approved by the FDA. Furthermore, the combination has

been added as a first-line treatment option for clear cell RCC for all

International Metastatic Database Consortium (IMDC) risk groups in

the RCC guideline of the European Society for Medical Oncology

and in the RCC guideline of the European Association of Urology.6,7

In addition, multiple trials investigating cabozantinib-ICI combina-

tions for other solid tumours are ongoing (n = 16). Although the

tablets and capsules are not deemed bioequivalent based on a small

difference in the maximum concentration (Cmax) reached, both the

tablets and capsules showed comparable area under the

concentration-time curve.8 Moreover, both formulations exhibited

dose proportional pharmacokinetics.

The pharmacokinetics (PK) of cabozantinib has been charac-

terised in a population PK study which combined exposure data

from healthy volunteers and cancer patients with different types of

solid malignancies.9,10 Cabozantinib shows large interpatient variabil-

ity of approximately 50%, which is in line with other tyrosine kinase

inhibitors.11 Interestingly, patients with MTC had a two-fold higher

apparent clearance compared to RCC patients. The underlying cause

of this difference remains unclear, but it may suggest a difference in

cabozantinib clearance due to factors which are affected differently

by different tumour types. With cabozantinib currently being studied

for multiple tumour types, this finding could be of importance as for

most oral tyrosine kinase inhibitors a correlation between the level of

systemic exposure and clinical benefit exists.12-16

For cabozantinib, its exposure response relationship has been

investigated in patients with RCC in the phase III METEOR study.17-19

The 60, 40 and 20 mg dose corresponded to an average cabozantinib

steady-state concentration of 1125, 750 and 375 μg/L, respectively.

The exposure reached with the 60 mg dose resulted in improved pro-

gression free survival (PFS), reduced tumour growth and increased

overall response rate compared to the 40 and 20 mg doses. For a dose

of 40 mg instead of 60 mg once daily, the model predicted a modest

1.1-fold increased risk of disease progression. However, this modest

loss in efficacy opposes a 1.4-fold lower risk of developing adverse

events. Nevertheless, the starting dose of 60 mg was selected over

40 mg.19 In the pivotal trials, adverse events were judged to be man-

ageable with dose interruptions and reductions. The main dose limit-

ing toxicities were fatigue and decreased appetite.20 However, the

proposed cabozantinib target exposure of 1125 μg/L seems poorly

tolerated as can be derived from the high percentage of patients

necessitating dose reductions in studies (40%-79%).20-22 In addition,

patients in routine patient care often differ from patients treated

within trials in terms of increased age, number of comorbidities, dis-

ease severity, pretreatment and lower performance status.23,24 This

casts a doubt on the tolerability of the proposed target exposure in

these patients. Furthermore, in our clinic the phase II trial of

cabozantinib for the treatment of patients with recurrent and/or met-

astatic salivary gland cancer was terminated prematurely due to

severe toxicity, especially severe wound complications within the

prior irradiated area of the head and neck.25 As almost all patients in

our study required dose reduction, this may call for a reconsideration

of the accurate starting dose of cabozantinib.

In our study, we evaluate cabozantinib exposure in patients

with salivary gland cancer and patients with renal cell cancer.
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Furthermore, potential relationships between cabozantinib exposure,

patient characteristics, toxicity and treatment outcomes are explored.

2 | METHODS

2.1 | Study design and patient population

This observational study was performed using clinical data and

cabozantinib trough concentrations (Cmin) obtained from patients

treated with cabozantinib for RCC and SGC between January 2018

and August 2020. Baseline characteristics were retrospectively

retrieved from the electronical health records or retrieved from the

case report forms at start of cabozantinib treatment. Missing data at

baseline were replaced by the closest value with a time interval up to

21 days prior to start of treatment or if not available, were left miss-

ing. For cabozantinib treatment, date, dose, time of intake and use of

potent cytochrome P-450 inhibitors or inducers were collected at

start and at each measured steady-state cabozantinib Cmin level. In

addition, date and reason for each dose adjustment were collected.

Adverse events necessitating dose reduction or treatment discontinu-

ation were scored as clinically relevant toxicity. Best tolerated dose

(BTD) was defined as the latest dose level before treatment discontin-

uation or at time of data cut off (1 August 2020).

For evaluation of the time on treatment, the time from start until

the last day of cabozantinib treatment or data cut off was recorded.

Also, the reason for treatment discontinuation was documented.

Patient weight at baseline and at the end of cabozantinib treatment

was collected.

2.2 | Cabozantinib pharmacokinetics

Patients had plasma cabozantinib Cmin levels measured as part of rou-

tine patient care (RCC) or as part of the CABO-ASAP study (SGC)

(NCT03729297). All blood samples were collected in ethylenediamine

tetra acetic acid plasma tubes and were subsequently centrifuged on

the same day. Samples were stored at 4�C to 8�C until the day of

analysis for a maximum of 14 days. A validated high-performance liq-

uid chromatography coupled with tandem mass spectrometry detec-

tion assay was used to determine total cabozantinib concentrations in

plasma.26 Only samples measured at steady-state were taken into

account and patients needed at least one cabozantinib Cmin level at

steady-state to be included. Steady-state was defined as cabozantinib

treatment at a fixed dose for more than 17 consecutive days based on

four times the half-life of cabozantinib.

No predefined sampling moments were set for measuring

cabozantinib plasma concentrations. However, therapeutic drug moni-

toring is standard of care in our clinic and the first measurement is

usually performed approximately 4 weeks after treatment initiation, at

the moment of dose reduction and to evaluate the effect of dose

adjustment. Patients were instructed to postpone cabozantinib intake

till after sample collection on hospital visits. For each sample, the date

and time of last intake of cabozantinib and the date and time of the

plasma sample collection were recorded. In case the sample was not

collected 24 hours after intake, the trough concentration was calcu-

lated by the approach described by Wang et al with a minimum of

5 and a maximum of 72 hours between blood collection and last pill

intake.27

Cabozantinib exposures at start, 40 mg and BTD, respectively,

were determined using extrapolation of the dose-normalised average

exposure based on all available cabozantinib Cmin measurements per

patient. Cabozantinib shows dose-proportional exposure over the

range of 20 to 140 mg which supports the use of this approach. For

each patient, the average dose-normalised cabozantinib Cmin exposure

per milligram of cabozantinib was calculated as follows: First, each

available cabozantinib Cmin measurement at steady-state was dose-

normalised by dividing it by the administered dose of cabozantinib

used at the moment of measurement (cabozantinib exposure/

administered dose of cabozantinib in mg). Subsequently, the average

of these dose-normalised exposures was calculated per patient. This

average concentration was thereafter multiplied by the specific

dosages of interest for example, starting dose, 40 mg and best tol-

erated dose. The average cabozantinib exposure over the course of

treatment was estimated based on steady-state exposures. This

estimate was calculated by multiplying the number of days at each

dose level of cabozantinib and with the corresponding milligrams of

cabozantinib. The sum of the amount of cabozantinib was subse-

quently divided by the duration of treatment in days to yield the

average amount of cabozantinib in milligram per day. The average

cabozantinib exposure was then calculated by multiplying this aver-

age amount of cabozantinib with the dose-normalised exposure.

Correlations between average calculated and measured cabozantinib

Cmin levels at start, 40 mg and BTD were assessed to confirm dose-

proportionality in our cohort.

2.3 | Statistical analysis

For the primary outcome, geometric mean cabozantinib Cmin levels at

start, at 40 mg and at BTD were calculated for both SGC and RCC

patients and the log-transformed data were compared to an indepen-

dent samples T-test. Baseline patient and cabozantinib treatment

characteristics were described using descriptive statistics. Associa-

tions between previously identified baseline patient characteristics

(albumin, gender and body mass index) and cabozantinib exposure

were first explored visually followed by linear regression (continuous

variables) or with an independent samples T-test (categorical vari-

ables) if deemed of interest. The exposure-toxicity relationship was

explored by comparing log-transformed cabozantinib exposure at start

of treatment and the occurrence of dose reduction (yes/no) with an

independent samples T-test. The relationship between average

cabozantinib exposure and relative weight loss was explored visually.

The preliminary efficacy was assessed by comparing progression free

survival (PFS) and overall survival (OS) for patients with RCC with

cabozantinib exposure below and above the median average exposure
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per day and for patients requiring a dose reduction (yes/no) relative

to the starting dose, through Kaplan-Meier methods using the

unstratified log-rank test.

All statistical analyses were performed using IBM SPSS statistics for

Windows version 25.0 (IBM Corp, Armonk, New York). Geometric mean

values are reported with 95% confidence intervals (CI). All P values were

calculated with two-sided statistical testing. Outcomes with P values less

than .05 were considered to be statistically significant.

3 | RESULTS

3.1 | Patients characteristics

In total 47 patients were included, 22 patients with SGC and

25 patients with RCC. Baseline characteristics are shown in Table 1.

For patients with RCC, most patients received cabozantinib as third

line treatment. All patients with RCC received prior anti-VEGFR ther-

apy and the majority received prior treatment with an immune check-

point inhibitor. For patients with SGC, the majority underwent

surgery and received postoperative radiotherapy. Seven SGC patients

(31.8%) received prior systematic therapy in the palliative setting.

3.2 | Cabozantinib treatment

Patients with SGC all received the 60 mg starting dose as was man-

dated by the study protocol. For patients with RCC, the selection of

the starting dose was at the physicians' discretion. The majority of

patients with RCC (48%) started with 40 mg. Cabozantinib treatment

characteristics are depicted in Table 2. Median duration of treatment

was 22 (4-151) weeks for RCC and 29.5 (3-55) weeks for SGC. The

SGC phase II study was terminated prematurely due to the occurrence

of severe wound complications in previously irradiated areas. Dose

reductions relative to the starting dose were needed in 20 (91%)

patients with SGC and 15 (60%) patients with RCC. All dose reduc-

tions were related to toxicity. Median best tolerated dose, defined as

the latest dose level before treatment discontinuation, was between

20 and 30 mg in patients with SGC and 40 mg in patients with RCC.

Median average cabozantinib dose intensity over the duration of

treatment was approximately 40 mg in both tumour types. In the RCC

groups, 16 patients (64%) discontinued treatment due to progressive

disease and 5 (20%) due to toxicity. One patient had liver test eleva-

tions, one patient had a nonhealing wound on the lower extremity,

one patient had a gastrointestinal mucosal lesion and two patients

had a gastrointestinal perforation.

3.3 | Cabozantinib exposure at start, 40 mg and
at BTD

In total 79 cabozantinib samples at steady-state were available, 37 of

patients with SGC and 42 of patients with mRCC. The number of

TABLE 1 Baseline characteristics at start of cabozantinib
treatment

RCC patients
(n = 25)

SGC patients
(n = 22)

Age (years) 67 (37-81) 57 (49-72)

Gender

Male 21 (84) 10 (45)

KPS

90-100 7 (28) 9 (41)

80-90 9 (36) 1 (4.5)

70-80 8 (32) 12 (55)

60-70 1 (4) 0

Histology

Clear cell 20 (80) NA

Papillary 3 (12) NA

Other RCCs 2 (8) NA

ACC NA 16 (72)

SDC NA 4 (18)

Other SGCs NA 2 (9)

IMDC risk score

Intermediate 13 (52) NA

Poor 12 (48) NA

Prior treatment

Surgery 14 (56)a 18 (82)

Postoperative radiotherapy NA 18 (82)

Palliative radiotherapy DNC 10 (45)

Adjuvant systemic therapy NA 2 (9)

Palliative systemic therapy 25 (100) 7 (32)

Line of systemic therapy

(median, range)

3 (2-6) 2 (1-5)

Prior VEGFR-I 25 (100) 1 (5)

Prior ICI 19 (76) 0 (0)

Weight (kg) 82 (51-121) 76 (54-111)

BMI (kg/m2) 25.5 (17.8-36.3) 25.1 (21.4-39.9)

Haemoglobin (μmol/L) 7.1 (4.8-8.7) 8.2 (6.5-9.7)

Leukocytes (109/L) 7.9 (4.5-14.2) 6.7 (4.1-11.3)

Thrombocytes (109/L) 337 (210-984) 270 (131-454)

Neutrophils (109/L) 5.9 (3.7-11.5) 4.6 (2.3-8.9)

Calcium (mmol/L) 2.41 (2.24-2.73) 2.41 (2.24-2.65)

Serum creatinine (μmol/L) 121 (52-228) 64 (46-108)

ALT (IU/L) 22 (9-107) 23 (12-76)

AST (IU/L) 24 (18-49) 27 (14-68)

Albumin (g/L) 31.5 (20-38) 38.0 (28-42)

Note: Data are presented as n (%) for categorical variables and median

(range) for continuous variables.

Abbreviations: ACC, adenoid cystic carcinoma; ALT, alanine

aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; DNC, data not collected; ICI, immune checkpoint inhibitor; IMDC,

International Metastatic RCC Database Consortium; NA, not applicable;

RCC, renal cell carcinoma; SDC, salivary duct carcinoma; SGC, salivary

gland cancer; VEGFR-I, vascular endothelial growth factor inhibitor.
aNephrectomy.

KRENS ET AL. 311



samples per patient ranged from 1 to 5. Cabozantinib Cmin levels were

measured for 13 (59%) patients with SGC at the start dose level of

60 mg, 9 (41%) at 40 mg and 16 (73%) at best tolerated dose. For

patients with RCC, these percentages were 68%, 76% and 80% at

start, 40 mg and at BTD, respectively. The average dose-normalised

cabozantinib Cmin based on all available measurement was used to cal-

culate the cabozantinib Cmin level at a specific dose level for each indi-

vidual patient. There was a good correlation between measured and

calculated cabozantinib Cmin levels (R
2 > 0.89, Figure S1A-C).

At the start dose, patients with SGC had approximately two-

fold higher GM cabozantinib exposure compared to patient with

RCC (1456 μg/L [95% CI 1185-1789] vs 682 μg/L [95% CI 572-

812], P < .001, for patients with SGC and RCC, respectively)

(Figure 1). After dose normalisation to 40 mg, patients with SGC

still had a significantly higher cabozantinib exposure compared to

patients with RCC (GM Cmin 971 μg/L [95% CI 790-1193] vs

669 μg/L [95% CI 568-788] (P = .005). Cabozantinib GM Cmin

levels at BTD were comparable between the SGC group and the

RCC group, 694 μg/L (95% CI 584-824) versus 583 μg/L (95% CI

496-671) (P = .1) as depicted in Figure 1. At BTD, 64% of SGC

patients and 80% of RCC patients had an exposure below the pro-

posed target of >750 μg/L.

3.4 | Cabozantinib exposure and patient
characteristics

To explore the potential relationship between patient baseline charac-

teristics and cabozantinib exposure, previously identified demographic

variables that differed in our cohorts at baseline (albumin and gender)

were visually assessed via scatter plots (Figure S2). No apparent corre-

lation between cabozantinib exposure and albumin levels was

observed. A higher cabozantinib exposure was observed for female

patients compared to their male counterparts. In female patients with

SGC GM cabozantinib Cmin at 40 mg was 1254 μg/L (95% CI 996-

1577) compared to 714 μg/L (95% CI 540-945) in male patients

(P = .002). For patients with RCC, no difference could be observed.

3.5 | Cabozantinib exposure and toxicity

An explorative analysis was performed between the occurrences of

clinically relevant toxicity, defined as an adverse event necessitating

dose reduction or treatment discontinuation, and cabozantinib expo-

sure in patients which RCC. Since nearly all patients with SGC (91%)

required dose reductions, no comparison could be made between

patients with and without dose reduction for this group. In patients

with RCC, a trend was observed for a higher cabozantinib Cmin level

for patients who needed a dose reduction relative to the start dose,

that is, 769 μg/L (95% CI 663-893) versus 568 μg/L (95% CI 384-

842), respectively (P = .079) (Figure S3).

Patient weight was collected at start of cabozantinib treatment

and at discontinuation or last moment of follow-up. Median percent-

age weight loss from baseline was 6.2% (range: �2.6 to 34) and 7.2%

(range: �0.5 to 18.7) in patients with SGC and RCC, respectively. No

TABLE 2 Cabozantinib treatment details

RCC patients

(n = 25)

SGC patients

(n = 22)

Dose at start of treatment

60 8 (32) 22 (100)

40 13 (52) 0

20 4 (16) 0

Median treatment duration (weeks) 22 (4-151) 29.5 (3-55)

Dose reduction during treatment 15 (60) 20 (91)

Reason of treatment discontinuation 21 (84)a 22 (100)

Toxicity 5 (20) 3 (14)

Progressive disease 16 (64) 6 (27)

Death 0 0

Otherb 0 13 (59)

Best tolerated cabozantinib dose (mg)

20 5 (20) 11 (50)

27c 1 (4) 0

30c 3 (12) 2 (9)

40 13 (52) 7 (32)

50c 1 (4) 0

60 2 (8) 2 (9)

Median average dose intensity (mg) 39 (20-60) 38 (24-60)

Total number of samples at steady state 42 37

Median number of samples per patient 1 (1-5) 1 (1-3)

aFour patients still on treatment at data cut-off.
bStop of study due to safety concerns.
cCabozantinib dose reached via an alternative dosing schedule (eg, 20 and

40 mg used alternately).

F IGURE 1 Scatter plots of the individual cabozantinib Cmin levels
at start, 40 mg and at BTD for patients with SGC and RCC. Data are
presented with geometric mean (95% CI). BTD, best tolerated dose;
CI, confidence interval; Cmin, trough concentration, RCC, metastatic
renal cell carcinoma; SGC, salivary gland cancer
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correlation was observed between cabozantinib exposure and weight

loss (Figure S4).

3.6 | Cabozantinib exposure and response

Median estimated average cabozantinib exposure was 573 μg/L

(range: 225-1088) in patients with RCC. Median PFS was 34.0 weeks

(95% CI 24.2-43.8). In the preliminary efficacy analysis, no difference

in PFS was observed between patients with an average cabozantinib

exposure above and below the median average cabozantinib exposure

(19.0 weeks, 95% CI 0-45.7 vs 34 weeks, 95% CI 32.6-35.5, respec-

tively). Interestingly, a longer PFS was observed for patients with a

dose reduction relative to the start dose compared to patients with-

out a dose reduction (41.0 weeks, 95% CI 13.5-68.5 vs 20.0 weeks,

95% CI 9.6-30.4, P = .023, respectively). In the exploratory OS analy-

sis, no difference could be observed for patients with an average

cabozantinib exposure above and below the median and start dose of

60 mg or below 60 mg (Figures S5 to S8).

4 | DISCUSSION

In this observational study, we observed a significantly higher

cabozantinib exposure in patients with SGC compared to those with

RCC, also after correcting for differences in the dose administered.

Dose reductions due to toxicity were needed in a large percentage of

patients. The cabozantinib exposure reached at the best tolerated

dose level was comparable between both groups of patients. How-

ever, this exposure lies well below the previously proposed target of

>750 μg/L for which improved treatment outcomes have been

observed.

Cabozantinib pharmacokinetics have previously been characterised

in patients with various solid tumours.9,17 Female gender has been

associated with a 21% decrease in cabozantinib clearance compared to

male gender.17 This difference was however not deemed clinically sig-

nificant given the high interpatient variability of cabozantinib. In our

study, the female gender was more evenly distributed in patients with

SGC compared to patients with RCC (55% vs, 16%, respectively) and

this may partly explain the higher geometric mean cabozantinib Cmin

levels observed in the SGC group. This potential gender effect warrants

further research in larger cohorts as indications for cabozantinib are

extending and females are often underrepresented in clinical trials.28

Another possible explanation for the observed difference in

cabozantinib concentrations in SGC and RCC patients may be the

difference in serum albumin concentrations. Previously, lower albumin

concentrations have been associated with lower maximal cabozantinib

concentrations.29 Therefore, the higher albumin concentrations in

patients with SGC may be an explanation for the higher cabozantinib

concentrations observed in these patients. Interestingly, a two-fold

lower cabozantinib exposure was previously reported in patients with

MTC, which possibly indicates that specific shared characteristics

within a tumour type may affect cabozantinib exposure. However, for

other registered tyrosine kinase inhibitors targeting VEGFR, no appar-

ent differences have been reported in pharmacokinetics between

groups of patients with different tumour types, excluding cancers

affecting organs known to be involved in drug metabolism, such as

hepatocellular carcinoma and thyroid cancer.30-32 Cabozantinib

exposure is not affected by renal impairment, so the difference in

serum creatinine between both groups is unlikely to be of relevance.29

Prior treatment with VEGFR inhibitors in RCC patients could potentially

have contributed to a lower absorption from the gastrointestinal tract.

Theoretically, reduced salivary function and changes in salivary compo-

sition after irradiation may lead to changes in the digestive process and

hence increased drug absorption and/or reduced metabolism in SGC

patients.33,34 However, prior studies of TKIs in SGC have not yet

reported pharmacokinetic data to support this hypothesis.35,36

Similar to the registration trials, the majority of patients required

dose reduction due to toxicity. Median best tolerated dose was

between 20 and 30 mg for SGC patients and 40 mg for RCC patients.

However, at best tolerated dose, cabozantinib exposure was compara-

ble between patients with SGC and RCC (694 vs 583 μg/L, respec-

tively). The slightly higher exposure in SGC patients is most likely the

result of the fixed starting dose of 60 mg once daily. In contrast to real

world patients, use of a lower starting dose was not allowed. In addi-

tion, as the study was terminated early, not all patients may have

received dose reduction and therefore the best tolerated dose and

corresponding exposure could have been overestimated. Neverthe-

less, our finding in RCC patients is line with a previous study of

Cerbone et al, who observed a significantly higher median

cabozantinib Cmin in routinely treated RCC patients with Grade 3 to 4

toxicity versus those without toxicity (623 vs 452 μg/L, respec-

tively).37 Furthermore, they reported a median Cmin of 405 and

521 μg/L in patients with and without progressive disease, respec-

tively. This indicates a narrow range in which efficacy and tolerability

need to be balanced.

The observed percentage of dose reductions of 60% in our study

is in line with the 57% reported in a cohort of 410 RCC patients

treated with cabozantinib in an early access programme in France

(CABOREAL).38 In CABOREAL study, a significantly longer OS was

observed for patients who initiated cabozantinib treatment with

60 mg. The CABOREAL study did not report PFS. However, in our

preliminary analysis on efficacy, we did not observe an effect of the

60 mg starting dose or a higher average cabozantinib exposure on

PFS or OS, but it is important to note that our analysis a based on a

limited number of heterogenous patients in terms of pretreatment

and tumour histology. The median age in our cohort was 67 years.

The observed median PFS of approximately 7.8 months in our study is

in line with the reported median of 8.1 months for patients with clear

cell RCC aged 65 to 74 in the METEOR phase 3 trial and just above

the observed median of 7.0 months in a cohort of nonclear cell RCC

patients.39,40 Interestingly, we observed a longer PFS for patients with

a dose reduction relative to the start dose, which may suggest a

tipping point between optimal exposure versus long-term tolerable

exposure. However, this finding needs to be evaluated in a larger

group of patients.

KRENS ET AL. 313



The phase II study of cabozantinib in SGC patients was termi-

nated prematurely due to severe wound complications in six (24%)

patients, mainly in areas which received prior radiotherapy.25 In our

RCC cohort, five patients discontinued cabozantinib treatment due to

toxicity. Four out of these five patients developed moderate to severe

wound (healing) complications likely related to cabozantinib treat-

ment. These percentages exceed the incidence of 1% to 3% reported

in the registration studies. No clear associations could be made

between cabozantinib exposure and the occurrence of these compli-

cations. Therefore, these complications may be a result of individual

sensitivity and the presence of risk factors associated with wound

complications or inclusion of patients that were not eligible for the

registration studies. Cabozantinib is a strong inhibitor of VEGFR-2,

but the additional inhibition of C-MET and TAM kinases may be an

explanation for the high percentage of wound complications reported,

as these kinases also play an important role in tissue repair and

maintaining vascular integrity.41,42 Clarification of these risk factors in

future studies is of major importance to be able to identify patients at

risk and ideally prevent these patients from severe toxicity.

Our study has some potential limitations. First, the CABO-ASAP

study was a phase II study whereas the RCC patients were collected

from routine patient care. In general, trials participants are fitter and

medication adherence is higher compared to patients in routine care

and this may have contributed to a higher observed cabozantinib

exposure in SGC patients.43,44 However, this is likely of limited influ-

ence as the exposure at best tolerated dose was comparable between

both groups. Furthermore, the exposure in RCC patients at 40 mg

was just slightly lower than the reported average cabozantinib expo-

sure in the phase III trial.17 Another limitation is the small number of

cabozantinib blood samples per patient in our analysis. The pharmaco-

kinetic analysis in the phase II CABO-ASAP was not an objective of

the study. Consequently, we did not have a Cmin level at each dose

level of every patient. Cabozantinib samples of RCC patients were

collected from routine care and although therapeutic drug monitoring

is standard of care in our clinic, Cmin levels were not available for all

received dose levels, as patients sometimes required a rapid dose

adjustment before a visit for PK evaluation could be scheduled. To be

able to compare cabozantinib exposure between dose levels, we per-

formed extrapolation based on the dose-normalised average exposure

of all available Cmin levels. This was allowed as cabozantinib has been

reported to exhibit dose proportional pharmacokinetics in the range

of 20 to 140 mg. In addition, we showed an adequate correlation

between the measured and calculated average cabozantinib Cmin

levels which supports the legitimacy of our approach. However, for

some TKIs a decrease in exposure over time has been reported, possi-

bly due to a decrease in absorption.45,46 Cabozantinib samples taken

at a later time during treatment may therefore distort this dose pro-

portionality. Based on our data we could not detect a decrease in

cabozantinib exposure over time and therefore believe that this does

not affect our conclusions. Finally, even though the observations are

based on limited number of patients, they show large similarity with

the reported percentage of dose reductions and cabozantinib expo-

sure in the registration studies.18,22 Therefore, the pharmacology of

cabozantinib in this relatively small group of patient appears to be rep-

resentative for clinical practice.

5 | CONCLUSION

In our study, we observed an unexpected higher cabozantinib

exposure in patients with SGC compared to those with RCC even

after correcting for dose differences between both groups.

However, the cabozantinib exposure at BTD were comparable

between both groups. At BTD the majority of patients did not

reach the proposed target exposure of >750 μg/L. For most

patients with RCC, the cabozantinib level at BTD corresponded to

a dose of 40 mg. Therefore, a 40 mg start dose followed by dose-

adjustment based on exposure and tolerability may be preferred

over the 60 mg dose to avoid unnecessary toxicity yet the effect

of this approach on efficacy requires more research. Future stud-

ies should focus on identifying an optimal and tolerable exposure-

response target value for cabozantinib and elucidate factors that

contribute to the differences in exposure, in order to individualise

and improve treatment outcomes.
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