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Background: Cabozantinib is a tyrosine kinase inhibitor with a substantial efficacy in metastatic renal cell carcinoma,
and is associated with a challenging toxicity profile leading to frequent drug discontinuations. Whereas an exposure/
safety relationship was demonstrated for this drug, an exposure/efficacy relationship is still unknown.
Patients and methods: We carried out a monocentric, observational, pharmacokinetics/pharmacodynamics (PK/PD)
study in patients with metastatic renal cell carcinoma (INDS MR 5612140520). We used measured blood
concentrations of cabozantinib (Cmeas) to determine the area under the curve (AUC), apparent clearance (Cl/F) and
residual blood concentration (Ctrough). Best overall response according to RECIST 1.1 and relevant toxicity (adverse
event grade 3-4 or grade 2 requiring dose reduction or discontinuation) were assessed according to Cmeas, Ctrough,
AUC and Cl/F.
Results: We enrolled 76 patients, including 35 who experienced disease progression and 30 with grade 3-4 toxicity.
Patients with progressive disease had a significantly lower median Ctrough (406 versus 634 ng/ml, P ¼ 0.001), Cl/F (2
versus 2.9 l/h, P ¼ 0.002) and AUC (16 versus 20 mg h/ml, P ¼ 0.037) compared with patients who had disease
control as best response. Patients with relevant toxicity had a significantly higher Cmeas (732 versus 531 ng/ml, P ¼
0.006), Ctrough (693 versus 521 ng/ml, P ¼ 0.005) and AUC (21 versus 16 mg h/ml, P ¼ 0.046) compared with
patients who did not experience any grade relevant toxicity. Receiver operating characteristic curves obtained from
our study defined a threshold for drug efficacy of 536.8 ng/ml and of 617.7 ng/ml for toxicity.
Conclusion:We first demonstrate the PK/PD relationship for cabozantinib. Severe toxicities are associated with a higher
drug exposure, whereas inefficacy is associated with a lower drug exposure. Cabozantinib plasma drug monitoring may
be useful to optimize clinical practice.
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INTRODUCTION

Cabozantinib is a tyrosine kinase inhibitor (TKI) that exerts
its activity mainly by inhibiting the vascular endothelial
growth factor receptor 2, but also further inhibits other
tyrosine kinases, such as MET, AXL, RET, KIT, FLT3 and TYRO
1.1 Cabozantinib is a weak base, and is considered as a
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characterized by a low aqueous solubility and a high cellular
permeability in vivo.2

In patients with metastatic renal cell carcinoma (mRCC),
cabozantinib is European Medicines Agency (EMA) and
Food and Drug Administration (FDA) approved as a second-
and further-line treatment of all comers mRCC patients, and
as a first-line treatment in patients with high- and
intermediate-risk features per the international mRCC
database consortium (IMDC) criteria,3 following the results
of the METEOR and CABOSUN trials, respectively. In
METEOR, cabozantinib demonstrated superiority over
everolimus in terms of progression-free survival (PFS),
overall response rate (ORR) and overall survival (OS).4 In the
CABOSUN trial for first-line mRCC patients, cabozantinib
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was superior to first-line standard sunitinib, in terms of both
PFS and ORR.5 Finally, the combination of cabozantinib with
nivolumab, an immune checkpoint inhibitor (ICI), improved
outcomes PFS, 12 months OS, ORR and health-related
quality of life compared with sunitinib as a first-line treat-
ment in mRCC patients.6

Toxicity remains a key issue for cabozantinib, however,
with a grade (G) 3-4 adverse event (AE) rate of 74% and
67%, a dose reduction (DR) rate of 60% and 46% and a drug
discontinuation (DD) rate of 9% and 16%, respectively, in
the METEOR and CABOSUN trials.4,5 Furthermore, in the
Checkmate 9ER trial, the G3-4 treatment-related AE rate for
the nivolumab plus cabozantinib arm was 60.6%, with a DD
rate of 19.7% (7.5% of patients discontinued cabozantinib
only whereas 5.6% of patients discontinued both drugs).6

Few data are available regarding the pharmacokinetics/
pharmacodynamics (PK/PD) relation in mRCC patients
treated with cabozantinib. Actually, in the METEOR trial,
assessment of cabozantinib PK was carried out immediately
before the first drug administration (day 0) and then on
days 29 and 57 from drug start. PK blood draws were car-
ried out at least 8 hours from the last drug administration.4

In the population PK model obtained using the PK data from
the METEOR trial, the individual predicted average cabo-
zantinib concentration at steady state was 375 ng/ml for
20 mg, 750 ng/ml for 40 mg and 1125 ng/ml for 60 mg
daily, respectively.7 In this model, a lower cabozantinib
starting dose was associated with a higher risk of progres-
sion when compared with the recommended starting dose
of 60 mg daily [hazard ratio (HR) 1.10 for 40 mg and 1.39 for
20 mg). Conversely, a higher starting dose was associated
with a higher risk of developing several G3-4 AEs, such as
hand-foot syndrome (HFS), fatigue/asthenia, hypertension
and diarrhea.7 Furthermore, an association between the
plasmatic apparent total clearance (Cl/F) of cabozantinib
after oral administration and the risk of dose modification
(DM) was demonstrated, as patients with a lower Cl/F (1.3
l/h) had an increased risk of DM when compared with pa-
tients with a standard Cl/F (2.3 l/h), HR 2.07.7 Nevertheless,
PK data deriving from the METEOR trial were collected in a
very early timeframe (up to 2 months from treatment start),
which may not mirror daily clinical practice, where patients
are treated with cabozantinib for a longer time interval.
Hence, it has been observed for several oral compounds
that chronic exposure may be associated with a decrease in
circulating concentration of the drug and therefore a
reduced efficacy. This phenomenon, known as ‘tachyphy-
laxis’, may explain some therapeutic failures to TKIs, such as
sorafenib or pazopanib.8-10 Particularly for pazopanib, first-
order decay kinetics were noted in a population PK model.11

The development of a PK/PD relationship for cabozanti-
nib using data derived from daily clinical practice is there-
fore of key importance to inform clinical practice. We
developed a PK/PD therapeutic drug monitoring (TDM)
protocol, aiming to assess (i) whether a lower plasma
exposure to cabozantinib is associated with cabozantinib
failure and (ii) whether a higher plasma exposure is asso-
ciated with the onset of severe toxicity.
2 https://doi.org/10.1016/j.esmoop.2021.100312
PATIENTS AND METHODS

Study procedures

We carried out an observational PK monitoring study on
mRCC patients treated at Gustave Roussy, Villejuif, starting
from 1 October 2019. A data cut-off was set at 31 January
2021 for this analysis. This study is registered at the French
National Health Data agency (INDS) with protocol number:
MR 5612140520.

Patients

All patients aged >18 years affected by mRCC either with
clear-cell or with non-clear-cell histology and currently on
treatment with cabozantinib were eligible. Key exclusion
criteria were concurrent treatment with immune check-
point inhibitors (ICIs) and cabozantinib and the docu-
mented refusal of the patient to use personal data.
Patients’ demographics, disease features and previous
oncologic treatments were collected at study inclusion.
Patients were followed up according to our institutional
clinical practice with clinical examination and blood tests
(complete blood cell count, blood chemistry, serum albu-
min, serum proteins, thyroid-stimulating hormone) every 4-
6 weeks. A periodic radiological assessment was carried out
every 12 weeks or earlier if a symptomatic disease pro-
gression was suspected. Data regarding concurrent medi-
cations, anthropometric measurements and AEs were
collected at each visit. Cabozantinib therapeutic adherence
in the last 28 days before PK blood draw was assessed
through a direct patient interview. AEs were graded with
Common Terminology Criteria for Adverse Events (CTCAE)
v5.0 criteria.

Blood draws

Blood draws for cabozantinib PK were performed in all
patients treated at our center with cabozantinib as a single
agent, in any line of treatment, who experienced at least
one G1 toxicity. The blood draws were carried out at least
8 h from the last drug administration and at steady state,
e.g. at least at 2 weeks from drug start.

PK sample analysis

Blood samples were collected in lithium heparinate tubes
and centrifuged at 2250 g for 10 min before storage
at �20�C. After thawing, a protein precipitation was carried
out by mixing 200 ml of the blood sample and 400 ml of
acetonitrile spiked with the internal standard (cabozantinib
d-4) in a 1 ml Eppendorf tube. This mix was vortexed for
15 s and then centrifuged for 10 min at 4000 g. The su-
pernatant was then injected on an Acquity UPLC I-Class
system (Waters, Milford, MA) where the separation was
carried out using an Acquity BEH C18 1.7 � 2.1 � 100 mm
analytical column with a vanguard pre-column. The detec-
tion was carried out by a Xevo TQ-D MS/MS (Waters, Mil-
ford, MA) system using electrospray ionization and multiple
reaction monitoring detection with mass transition (m/z) of
502.2 / 391.1 and 506.3 / 391.2 for cabozantinib and its
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76 patients included
219 blood samples 
obtained

Toxicity analysis:
76 blood samples from 76 

patients
30 with toxicity

46 with no toxicity

PD analysis:  
76 blood samples from 76 

patients
34 in PD

42 in SD/PR

Figure 1. STrengthening the Reporting of OBservational studies in Epidemi-
ology (STROBE) diagram for patients included in this report.
PD, progressive disease; PR, partial response; SD, stable disease.
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internal standard, respectively. This method was fully vali-
dated according to the EMA guidelines with a range of
calibration from 25 to 2500 ng/ml, accuracy of 95.5%-
105.3%, intra-day precision 2.3%-5.1% and inter-day preci-
sion 7.0%-8.8% for four QC samples (50, 187.5, 1000 and
2250 ng/ml).
Endpoints

Endpoints definition. Drug efficacy was assessed radiolog-
ically using disease response as measured per RECIST 1.1
criteria. Progressive disease (PD) per RECIST v1.1 criteria
was the efficacy endpoint used for this analysis.

Relevant toxicity was defined as either G3-4 toxicity per
CTCAE v 5.0 or as a G2 toxicity that required a DR or a DD.
Association between plasma concentration, efficacy and
toxicity

Plasma concentration of cabozantinib was measured at the
time of PD, and compared with that of non-progressive
patients [patients with radiological evidence of either sta-
ble disease or partial response (PR) according to RECIST
1.1]. Similarly, each time a relevant toxicity was registered,
as defined above, the cabozantinib plasma concentration
was measured and compared with that of patients not
experiencing a relevant toxicity. Each patient included in the
study was considered once for efficacy assessment and
once for toxicity assessment (see STROBE diagram,
Figure 1).
PK analysis

For the PK/PD analysis, a blood draw was considered
eligible if it was collected at least 8 h from the last drug
dose, as already carried out in the METEOR trial, and if it
was performed at steady state (i.e. at least 15 days from the
first drug administration). A PK population model was
constructed through a non-linear mixed effect model, using
the measured plasma concentration (Cmeas), which will be
described in a separate paper. Cl/F and area under the
curve (AUC) were obtained from the population PK model
departing from the Cmeas. Conversely, residual blood
Volume 6 - Issue 6 - 2021
concentration (Ctrough), i.e. the lowest plasma drug con-
centration reached before the next dose, was estimated by
the following formula:

Ctrough ¼ Cmeas x 0:5DI� 24
�
t 1

�
2

where DI is the dosing interval, the time between the last
intake of the drug and collection of the PK sample, and t½ is
the elimination half-life of the drug (i.e. 99 h).12 The PK
population analysis was conducted with Monolix (Lixoft,
Anthony, France).
Statistical analysis

Descriptive statistics used numbers and percentages for
qualitative variables, and median and interquartile range
(IQR) for quantitative variables. Baseline characteristics for
each group were compared using the Student’s t-test for
continuous variables or the chi-square or Fisher’s exact test
for categorical variables. The difference between medians
was evaluated by a Wilcoxon signed-rank test and a Manne
Whitney U-test. Receiver operating characteristic (ROC)
curves were plotted in order to define a significant statis-
tical threshold for both toxicity and PD. Statistical analysis
was carried out with R version 3.04 (R Foundation for Sta-
tistical Computing, Vienna, Austria) and PRISM vers 6.0
(GraphPad, San Diego, CA).
RESULTS

Study population

At data cut-off, 219 PK blood draws were obtained from 76
patients (median blood draw number per patient: 2, range
1-11). Patients were mostly male (80.3%), affected mostly
by mRCC of clear-cell type (75%), had a median age of 58
years (IQR 47-67 years) and had an intermediate or poor
IMDC risk at cabozantinib start of 43.0% and 18.4%,
respectively. Most patients received cabozantinib as a third-
line treatment (range 1-10), received ICIs as a previous line
of treatment (46.1%) and received cabozantinib at a median
daily dose of 40 mg (IQR 40-60). Median time on cabo-
zantinib treatment was 38.3 weeks. Therapeutic adherence
in our study was 93.1%, meaning that patients reported
taking 93% of the theoretically administered dose. No pa-
tient received either CYP3A4 inhibitors or CYP3A4 inducers,
while 32 patients received proton pump inhibitors (PPI) as a
comedication.

Mean Cmeas was 598.3 ng/ml, mean Ctrough was 597.7 ng/
ml, mean Cl/F was 2.5 l/h and mean AUC was 20.9 mg h/ml
for the whole population. Other relevant parameters are
summarized in Table 1. Intraindividual variability was ob-
tained through a population PK model that will be discussed
in a separate paper. In our population, it is 0.089 with a
relative standard error of 25.3%.
https://doi.org/10.1016/j.esmoop.2021.100312 3
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Table 1. Summary of population characteristics

Variable

Median age, years (range) 58 (22-79)
Sex, n (%)
Male 61 (80.3)
Female 15 (19.7)

Histology, n (%)
Clear-cell 57 (75)
Type 1 papillary 4 (5.3)
Type 2 papillary 7 (9.2)
Chromophobe 3 (3.9)
Other 5 (6.6)

IMDC prognostic group, n (%)
Good 19 (25)
Intermediate 33 (43.4)
Poor 14 (18.4)
Unknown 10 (13.2)

Line before cabozantinib, n (%)
First 6 (7.9)
Nivolumab/ipilimumab þ nivolumab 35 (46.1)
Sunitinib 5 (6.6)
Axitinib 16 (21.1)
Everolimus 3 (3.9)
Sorafenib 4 (5.3)
ICI þ TKI 6 (7.9)
Other TKI (tivozanib, crizotinib) 2 (2.6)

Median line of treatment with
cabozantinib (range)

3 (1-10)

Cabozantinib starting dose, n (%)
60 mg daily 46 (64)
40 mg daily 25 (35)
20 mg daily 1 (1)

Median dose intensity, mg (IQR) 40 (40-60)
Mean Ctrough, ng/ml (SD) 597.7 (363.9)
Median Ctrough, ng/ml (IQR) 500.2 (365.5-742.5)
Mean Cl/F, l/h (SD) 2.5 (1.2)
Median Cl/F, l/h (IQR) 2.3 (1.7-3.2)
Mean AUC, mg h/ml (SD) 20.9 (11.1)
Median AUC, mg h/ml (IQR) 18 (13.8-25.5)
Mean time from day 1, cycle 1 to
blood draw, weeks (SD)

50 (45.8)

Median time from day 1, cycle 1 to
blood draw, weeks (IQR)

38.3 (13.4-69.1)

Mean serum albumin, g/l (SD) 38.2 (4.5)
Mean total serum protein, g/l (SD) 66.8 (7.5)
Mean Ctrough at 60 mg daily, ng/ml (SD) 667 (375)
Median Ctrough at 60 mg daily, ng/ml (IQR) 564 (402-777)
Mean Ctrough at 40 mg daily, ng/ml (SD) 565 (283)
Median Ctrough at 40 mg daily, ng/ml (IQR) 477 (366-649)

AUC, area under the curve; Cmeas, measured blood concentration; Ctrough, residual
blood concentration; Cl/F, apparent clearance; ICI, immune checkpoint inhibitor;
IMDC, International Metastatic RCC Database Consortium; IQR, Interquartile range;
SD, standard deviation; TKI, tyrosine kinase inhibitor.
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Figure 2. Receiver operating characteristic curve (ROC) for prediction of pro-
gression to cabozantinib in mRCC patients, based on the assessment of
cabozantinib Ctrough.
A threshold of 536.8 ng/ml for Ctrough had a 64.3% sensitivity and a 73.5%
specificity to detect disease progression.
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PK/PD relation for efficacy

At data cut-off, 34 patients developed a PD. Patients with
PD showed a lower mean Ctrough [mean 465.6 ng/ml,
standard deviation (SD) 213 versus 788.5 ng/ml, SD 557.7,
P ¼ 0.001), and AUC (17.7 mg h/ml, SD 6.8 versus 24.6 mg h/
ml, SD 16.8, P ¼ 0.037), and conversely a higher mean Cl/F
(2.86 l/h, SD 1.04 versus 2.01 l/h, SD 1.1, P ¼ 0.002) when
they were compared with both PR and stable disease pa-
tients (n¼ 42). Other patients’ key features are summarized
in Supplementary Table S1, available at https://doi.org/10.1
016/j.esmoop.2021.100312. Finally, to better establish the
PK threshold for prediction of disease progression on
cabozantinib, we plotted ROC curves using data obtained
4 https://doi.org/10.1016/j.esmoop.2021.100312
from these patients.We found that a threshold of 536.8 ng/
ml for Ctrough had a 64.3% sensitivity and a 73.5% specificity
to detect disease progression (Figure 2).
PK/PD relation for toxicity

At data cut-off, 30 patients overall experienced a relevant
toxicity, of whom 14 (46.7%) had at least one G2 event
requiring a DD (8 patients, 26.7%) or a DR (6 patients, 20%)
and 16 (53.3%) experienced at least one G3 toxicity. No
patient in our cohort experienced a G4 toxicity. The most
frequent G3 toxicities were hypertension in 15 patients
(50%), HFS in 8 (26.7%), cutaneous rash in 5 (16.7%) and
vomiting in 3 (10%). Patients experiencing a relevant
toxicity exhibited higher mean Ctrough (950.2 ng/ml, SD
652.1 versus 574.1 ng/ml, SD 268.3, P ¼ 0.005) and AUC
(28.6 mg h/ml, SD 18.9 versus 19.8 mg h/ml, SD 9.0, P ¼
0.046) than patients who did not. Patients’ key features are
summarized in Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2021.100312. Furthermore, in
order to better assess the safety threshold for cabozantinib,
we plotted ROC curves using data obtained from these
patients. We found that a threshold of 617.7 ng/ml for
Ctrough had a 63.3% sensitivity and a 65.3% specificity to
detect relevant toxicity as defined above (Figure 3).
DISCUSSION

In this real-life PK study of cabozantinib in mRCC patients,
we demonstrated that in real-life patients, the plasma
concentration of cabozantinib is lower than that of partic-
ipants in the registrative clinical trial, a lower plasma con-
centration of cabozantinib is associated with PD and a
higher plasma concentration of cabozantinib is associated
with clinically relevant toxicity.
Volume 6 - Issue 6 - 2021

https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312
https://doi.org/10.1016/j.esmoop.2021.100312


False positive rate

Tr
ue

 p
os

iti
ve

 ra
te

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

24
3.

74
75

8.
92

12
74

.1
1

17
89

.2
9

23
04

.4
7

28
19

.6
5

Figure 3. Receiver operating characteristic curve (ROC) for prediction of
relevant toxicity to cabozantinib in mRCC patients.
A threshold of 617.7 ng/ml for Ctrough had a 63.3% sensitivity and a 65.3%
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determining a dose reduction or a drug discontinuation).
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First, our study highlights the difference between clinical
trial patients and real-life patients. In fact, patients included
in this cohort were exposed to cabozantinib at a median
daily dose of 40 mg, for a median time of 38 weeks and
exhibited a median measured cabozantinib plasma con-
centration of 500 ng/ml. In our cohort, the cabozantinib
plasma concentration of 40 mg daily is lower than the one
from the METEOR trial (700 ng/ml)7 that was predicted
from the PK assessment carried out up to 2 months from
treatment start.7 The plasma concentrations found in our
study, however, are lower than previously reported, but
conversely the median time of exposure to the drug is >8
weeks. For patients with chronic long-term drug exposure,
the plasmatic drug concentration could decrease over the
time. This phenomenon has already been demonstrated for
sorafenib and pazopanib,9-11 two TKIs with PK features
comparable to those of cabozantinib and this is relevant for
clinical practice, as in the case of progression or toxicity it
could allow dose modifications or other pharmacological
adjustments according to pharmacological drug monitoring.
Finally, as a relevant comedication potentially interfering
with cabozantinib PK, 44% of the patients included in our
study received a PPI.13 Nevertheless, we previously
demonstrated that there is no relevant effect of PPI
administration on cabozantinib efficacy and clinical PK.12

We then demonstrated that a lower cabozantinib plasma
concentration is associated with disease progression. This
finding is novel and somehow contrasting with those
derived from current literature. As an example, in a recent
PK/PD study carried out in patients included in the Check-
Mate 9ER trial, the average cabozantinib concentration
(Cavg) measured up to day 1 of cycle 7 had no effect on
PFS.14 Nevertheless, these data are not comparable with
ours, as the co-administration of cabozantinib with nivolu-
mab in patients included in the trial6 may per se be relevant
Volume 6 - Issue 6 - 2021
for PFS. Furthermore, we measured cabozantinib plasma
concentration at clinically relevant time points rather than
at fixed time points, thus we did not obtain a Cavg but a
Ctrough which is a different PK parameter. Finally, the primary
endpoint of our study was PD and not PFS, hence, for all the
previously cited factors, the results of the two studies are
not comparable.

Even if a threshold value for Ctrough and response to
cabozantinib is not available, some interventions may be
put into practice, to increase cabozantinib Ctrough and
potentially induce response in a patient with PD. A simple
intervention may be a drug dose increase (e.g. an increase
from 40 to 60 mg daily) in order to increase cabozantinib
Ctrough. This intervention should be associated with moni-
toring cabozantinib PK.

Furthermore, for toxicity we found that higher Cmeas,
Ctrough and AUC are associated with clinically relevant tox-
icities. These findings may justify the drug dosing adjust-
ments that occur in routine clinical practice. Noticeably,
only a trend towards a lower Cl/F (P ¼ 0.1) was associated
with relevant toxicity in our study, whereas a low Cl/F
has been previously described as a key determinant of
toxicity.7,15 This finding may be explained both by our
definition of relevant toxicity as a combined endpoint that
pooled poorly tolerated G2 and G3 toxicities, whereas most
PK/PD studies published considered only G3-4 toxicity, and
by the relatively small number of patients included.

Taking into account our results, blood monitoring of
cabozantinib Ctrough may be routinely integrated into the
management of mRCC patients treated with cabozantinib in
a real-life setting. Blood draws for PK assessment should be
carried out at clinically relevant time points (e.g. PD or
intolerable toxicity) rather than at fixed time points. The
consequential interventions put into practice (e.g. dose
adjustments) may also be monitored with timely blood
draws. In addition, the liquid chromatography/mass spec-
trometry method is generally available at every tertiary
clinical center and at least in France, it is not expensive
(estimated cost is 37 euros in France, completely covered by
the national health system).

Furthermore, we tried to establish a therapeutic window
for cabozantinib using real-life clinical data. We found a
lower threshold for efficacy of 536.8 ng/ml and a higher
threshold for relevant toxicity of 617.2 ng/ml. Those data
depict a narrow therapeutic window comprised within 80
ng/ml. This is compatible with clinical data available for
cabozantinib, i.e. of a drug with a high efficacy but with a
high toxicity burden.

Nevertheless, this narrow therapeutic window may be
explained by several factors. The first one relies on the
combined endpoint used for toxicity. Actually, we defined a
relevant toxicity either as a G3-4 toxicity or as a G2 toxicity
that led to a DD or a DR. In the population PK models
specific to mRCC patients, an increase in average cabo-
zantinib concentrations was associated with increased risk
of HFS, fatigue (grade�3), hypertension (grade�3) and
diarrhea (grade�3).7 Therefore, patients with a G2 toxicity
may have a lower cabozantinib concentration when
https://doi.org/10.1016/j.esmoop.2021.100312 5
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Table 2. Exposure-toxicity and exposure-efficacy relationship in anti-vascular endothelial growth factor receptor 2 tyrosine kinase inhibitors in metastatic
renal cell carcinoma

Drug PK parameter Safety Efficacy

Axitinib16,17 AUC at 4 weeks from
treatment start

d � >300 ng h/ml: better OS and PFS
� 154-620 ng h/ml better OS and PFS

Css,trough � >6.6 ng/ml associated with �G2 hypothyroidism.
� >7.1 ng/ml associated with �G2 asthenia

� >5 ng/ml associated with longer OS

Pazopanib18,19 Css,trough � �15 mg/ml associated with higher rate of
hypertension

� �15 mg/ml associated with PR/SD
� <15 mg/ml associated with PD
� �20.5 mg/ml longer PFS and greater tumor

shrinkage
Sunitinib20-23 Css,trough � �100 ng/ml higher toxicity rate � Optimal concentration between 50 and 100 ng/ml

(preclinical data)
� <100 ng/ml associated with longer PFS and TTF
� >100 ng/ml associated with worse outcomes

AUCss � >2150 ng/ml/h higher grade 3-4 toxicity � Lower in PD patients compared with AUCss at
treatment start.

AUC, area under the curve; AUCss, AUC at steady state; Css,trough, residual concentration at steady state; OS, overall survival; PD, pharmacodynamics; PFS, progression-free survival;
PK, pharmacokinetics; PR, partial response; SD, stable disease; TTF, time to treatment failure.
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compared with patients with G3-4 toxicity and this may
explain the low threshold for toxicity found in our study.
Another reason may be the inclusion into the group of
patients with PD who are ‘primary resistant’ (i.e. patients
who experienced a PD as a best objective response to
cabozantinib). Those patients may not benefit from TKI
therapy despite its plasma concentration falling into an
optimal therapeutic range. Furthermore, due to the large
intra-individual variability of cabozantinib (i.e. 34% in our
population), this narrow therapeutic window implementa-
tion in routine TDM is impossible. It seems relevant to say,
however, that firstly, a PK/PD relationship for cabozantinib
does exist and secondly, regarding efficacy, a Ctrough >530
ng/ml in mRCC could be proposed as a target for Ctrough in
‘real life’ TDM. Indeed, to the best of our knowledge, no
therapeutic window has been defined for cabozantinib
TDM. Thus, current cabozantinib TDM is founded on the
mean Ctrough obtained from the METEOR clinical trial. This
Ctrough, however, was determined until week 8 from treat-
ment start and therefore, does not consider the decrease of
exposure over time which may result in an under-exposure
for many patients taking long-term cabozantinib.

In addition to this narrow therapeutic range, the sensi-
tivity and specificity for both efficacy and toxicity found
with our data were not optimal, as they were all <80%.

Hence, it clearly appears that these data are part of
preliminary results and they need to be validated in a larger
cohort, especially for the narrow therapeutic window
depicted.

Finally, our results are generally comparable to those
previously obtained for other TKIs used in mRCC, namely
sunitinib, axitinib and pazopanib (summarized in
Table 2), which also exhibit comparable PK/PD re-
lationships.16-23 In particular, for both sunitinib and
pazopanib a concentration lower than a determined
threshold was associated with an increased risk for
progression, while conversely a blood concentration
higher than a determined threshold is associated with
an increased risk of toxicity, especially hypertension,
hypothyroidism and asthenia.
6 https://doi.org/10.1016/j.esmoop.2021.100312
The main limitations of this paper lie in the intrinsic
design of an observational real-life study. We prospec-
tively included in our study all mRCC patients treated with
cabozantinib at Gustave Roussy. Most of the patients in
our study had already started treatment with cabozantinib
several weeks before the study was initiated and before
the blood draws for PK assessment were carried out. Thus,
most of the patients included in our study had already
experienced a response outside of our PK monitoring
window. This led both to the low number of PR observed
(7, 9.2% of patients) and conversely to the high number of
patients with PD observed (42, 55.6%). Furthermore, un-
like clinical trials in which the compulsory starting dose of
cabozantinib was 60 mg daily and dose reductions were
applied in case of an intolerable toxicity, in real-life clinical
practice, cabozantinib is often started at a lower dose of
40 mg daily. This factor may have further contributed to
the low number of G4 toxicities highlighted, to the lower
number of PR observed and to the lower plasma con-
centration measured. Nevertheless, the design of our
study reflects general clinical practice, in which cabo-
zantinib is started at a dose of 40 mg daily in up to 30% of
patients, but with a demonstrated dismal prognostic
outcome.24,25
Conclusion

In this observational PK/PD study we demonstrated that a
lower plasma concentration of cabozantinib and a conse-
quent lower exposure to the drug is associated with PD,
whereas a higher blood concentration and a higher expo-
sure is associated with a higher rate of relevant toxicity.
Therefore, cabozantinib seems to be a good candidate for
TDM and we propose to target a Ctrough >530 ng/ml to
ensure its efficacy.
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