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Aim: Sunitinib is an oral tyrosine kinase inhibitor approved for the treatment of renal cell
carcinoma (RCC) and gastrointestinal stromal tumor (GIST). Because of the large inter-
patient pharmacokinetic variability and established exposure-response and exposure-
toxicity relationships in clinical trial patients, therapeutic drug monitoring (TDM) seems
promising for optimizing sunitinib exposure. We aimed to investigate the relationship
between sunitinib exposure and treatment outcome in a real-world patient cohort.
Methods: We performed a retrospective observational cohort study in 53 patients
with metastatic RCC and 18 patients with metastatic GIST treated with sunitinib and
receiving TDM-guided dosing. Time on treatment - as a surrogate for progression-
free survival - in patients who achieved adequate sunitinib exposure was compared
with patients who did not. Additionaly, the median sunitinib exposure was compared
in patients with or without sunitinib-induced toxicity leading to dose reduction.
Results: The median time on treatment in patients with RCC who achieved adequate
sunitinib exposure (n = 39) was 32 weeks, compared to 15 weeks in patients who did
not achieve adequate sunitinib exposure (n = 12) (P = 0.244). In 29 patients (41%)
with toxicity leading to dose reduction, sunitinib sum plasma trough concentration
(Cirougn) until dose reduction was significantly higher compared to patients without
toxicity leading to dose reduction (median 60 ng/mL vs 44 ng/mL; P < 0.001) and
reduced to comparable levels after dose reduction (44 ng/mL; P = 0.488).
Conclusion: In our real-world patient cohort, patients with sunitinib-induced toxicity
requiring dose reduction had significantly higher sunitinib exposure compared to
patients without toxicity. The threshold for toxicity, however, was lower compared

to that previously described in clinical trials.
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Since this was a retrospective observational cohort study and patients were treated
according to routine patient care, there was no principal investigator
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1 | INTRODUCTION

Sunitinib is an oral tyrosine kinase inhibitor (TKI) that is currently reg-
istered for the treatment of advanced or metastatic renal cell carci-
noma (RCC), (GIST) and
neuroendocrine tumour (NET).1™® Sunitinib is an inhibitor of vascular
endothelial growth factor receptors 1, 2 and 3 (VEGFR1-3), platelet-
derived growth factor receptors o and p (PDGFRa-g), fetal liver tyro-

gastrointestinal  stromal  tumour

sine kinase receptor 3 (FLT3), the receptor for stem cell factor (KIT),
colony-stimulating factor receptor (CSF-1R) and glial cell-line derived
neurotrophic factor receptor (RET),*~® which results in inhibition of
tumour growth, neoangiogenesis and metastatic progression. Both
intermittent and continuous dosing schedules are used. Patients with
RCC are generally treated with a dose of 50 mg once a day (OD),
either 4 weeks on, 2 weeks off (4/2) or 2 weeks on, 1 week off (2/1),
although some patients are treated with a continuous dosing schedule
of 37.5 mg OD.”*® Patients with GIST and NET are more often treated
with the continuous dosing schedule.®?

Many TKIls are administered orally at a flat-fixed dose and large
interpatient pharmacokinetic (PK) variability is observed. Therapeutic
drug monitoring (TDM) comprises the measurement and interpreta-
tion of drug concentrations in biological fluids to assist in rational drug
dosage individualisation. Because of the large interpatient PK variabil-
ity and the fact that relationships between exposure and both efficacy
and toxicity have been established for several TKls, TDM-guided dos-
ing seems promising.1°~12 This applies in particular for imatinib, sun-
itinib and pazopanib, in which therapeutic windows have been
defined and the feasibility of TDM to reach drug levels within these
therapeutic windows has been shown.**"*® Therefore, TDM-guided
dosing is considered viable for these three drugs and is currently being
implemented as a standard of care in the Netherlands.*?*?

In the metabolism of sunitinib, an equipotent active metabolite is
produced (desethylsunitinib, SU012662) at concentration levels that
substantially contribute to the total exposure at steady state.*2%2!
Sunitinib sum plasma trough concentration (Ciougn) represents the
sum of both sunitinib and the metabolite SU012662 concentrations.
A therapeutic window for sunitinib sum Ciough of 50-87.5 ng/mL for
intermittent dosing and 37.5-75 ng/mL for continuous dosing has
been established.’>>2° These therapeutic windows were mainly
based on retrospective pooled data analyses of patients who partici-
pated in clinical phase I-1lI trials.*>2° However, it was previously dem-
onstrated that participants from clinical trials differ substantially from
real-world patients.?>?% In patients with metastatic RCC (mRCC)
treated with TKls, 33-42% of real-world patients would not be eligible
for clinical trials, mostly due to non-clear cell histology or impaired
Eastern Cooperative Oncology Group (ECOG) performance status.??
Furthermore, some patient categories are underrepresented in clinical
trials, such as the elderly or patients with multiple comorbidities.?®
Therefore, it might be challenging to extrapolate these thresholds
from clinical trials to real-world patient cohorts. Some studies have
been performed to explore the relationship between exposure and
progression-free survival (PFS) in real-world patient cohorts, con-

firming the findings from clinical trials.?4?°> However, previous studies
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What is already known about this subject

e Because of large interpatient pharmacokinetic variability
and an established exposure-outcome relationship, thera-
peutic drug monitoring (TDM) for sunitinib seems
promising.

o In clinical trials, therapeutic windows for sunitinib expo-
sure for continuous dosing and for intermittent dosing
have been established.

o Clinical trial patients differ substantially from real-world
patients.

What this study adds

e Sunitinib exposure is significantly higher in patients with
sunitinib-induced toxicity leading to dose reduction com-
pared to patients without toxicity.

e The threshold for toxicity is lower in real-world patients
compared to patients in clinical trials.

e With TDM-guided dose adjustments, the number of
patients reaching adequate sunitinib exposure increased
to 92%. Overall an adequate sunitinib was reached in
53% of patients.

in real-world patients have not investigated the relationship between
exposure and both efficacy and toxicity for patients treated with
sunitinib.

The aim of this study is to investigate the relationship between
sunitinib exposure and treatment outcome, in terms of efficacy and

toxicity, in a real-world patient cohort.

2 | METHODS

2.1 | Patients

A retrospective observational cohort study was performed in patients
with mRCC or metastatic GIST who were treated with sunitinib for at
least 2 weeks at the Radboud University Medical Centre, Nijmegen,
or at the Jeroen Bosch Hospital, ‘s-Hertogenbosch, the Netherlands.
Patients whose sunitinib sum Cio,gn levels were measured between
July 2016 and June 2019 at the Radboud University Medical Centre
and who received TDM-guided dosing were included in this study.
This study was approved by the local ethical committee (Commissie
Mensgebonden Onderzoek, CMO) of the Radboudumc on 14 May
2019. In accordance with the CMO, informed consent was not
obtained, since all data was collected by members of the treating phy-

sician team in a retrospective and anonymous manner.
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For all patients, clinical data were collected from the electronic
patient records. This included data on baseline patient characteristics,
diagnosis, disease stage, laboratory results, treatment schedule, dose
adjustments during treatment and reason for discontinuation of treat-
ment and comedication interacting with sunitinib (due to inhibition or
induction of cytochrome p450 3a4). Furthermore, data on time on
treatment (as a surrogate for PFS) and toxicity during treatment were
collected. Toxicity was scored according to the Common Terminology
Criteria for Adverse Events (CTCAE) of the National Cancer Institute,
version 4.0. Finally, the results of of all measured sunitinib sum Cirough

levels were collected.

2.2 | Pharmacokinetics

For all patients, blood samples were routinely collected during visits to
the outpatient clinic. Blood samples (ethylenediamine tetraacetic acid
(EDTA) plasma) were drawn when patients were treated with sunitinib
for at least 2 weeks, after reaching steady state pharmacokinetics. In
general, TDM samples were collected after patients had been treated
for 4, 8 and 12 weeks and thereafter once every 3 months. For each
TDM sample, the date and time of last intake of sunitinib and the date
and time of the plasma sample collection were recorded. Plasma sam-
ples were collected 11-38 hours after last intake of sunitinib. Sunitinib
plasma levels were measured in EDTA plasma using validated high-
performance liquid chromatography tandem mass spectrometry (LC-
MS/MS) similar to the method earlier described by van Erp et al.2¢ If
the sample was not collected 24 hours after the last intake, the sun-
itinib sum Ciougn Was calculated using the approach of Wang et al.?”

Since for sunitinib intermittent and continuous dosing schedules
were used, dose regimen normalization was required to make compar-
ison between patients possible.?° Sunitinib shows dose proportional
PK. Sunitinib Cirough levels of patients who were treated with intermit-
tent dosing were divided by 50 and then multiplied by 37.5. Dose reg-
imen normalization to a continuous dosing schedule was chosen since
for the majority of patients Ciougn levels were measured under a con-
tinuous dosing schedule. A threshold for sunitinib exposure of
>37.5 ng/mL was used to compare data.

The number of patients under and above target level were calcu-
lated. Furthermore, we calculated the success rate of TDM-guided
dose interventions, defined as the percentage of patients achieving
target exposure after a dose intervention.

2.3 | Exposure-survival analysis

Since RCC and GIST are two different diseases, the relationship
between sunitinib exposure and response was analyzed indepen-
dently for patients with RCC and for patients with GIST.

Patients were divided into two groups depending on whether or
not dose intervention was advised. If dose intervention was advised,
patients where further divided into two groups depending on whether
or not dose intervention was implemented. Finally, if dose interven-

tion was implemented, patients were grouped determined by whether

or not a dose intervention resulted in achieving adequate sunitinib
exposure. With each division, median time on treatment was com-
pared between the two groups. Time on treatment was chosen as a
surrogate for PFS since in our real-world patient cohort the Computed
Tomography evaluations were not on predefined timepoints, which
hampers the determination of PFS.

Next, all patients were stratified according to whether or not they
achieved adequate sunitinib sum Ciougn during treatment, either from
the start of treatment or after dose adjustment as advised by the hos-

pital pharmacist. The median PFS was compared between both groups.

2.4 | Exposure-toxicity analysis
Patients were divided into two groups depending on the occurrence
of sunitinib-induced toxicity leading to dose reduction, which was
defined as toxicity requiring dose reduction as determined by the
treating physician. For each individual patient without toxicity, the
geometric mean of all available sunitinib sum Ci,,gn levels was calcu-
lated. This was compared to the geometric mean of sunitinib sum
Cirougn levels prior to and after dose reduction in patients with toxic-
ity. Since this data was not normally distributed, sunitinib sum Cirough
in these groups was described with the median and range.
Furthermore, the individual sunitinib sum Ci.ougn levels (each level
regarded independently) directly prior to dose reductions were com-
pared to all other sunitinib sum Ciougn levels where after no dose

reduction due to toxicity was required.

2.5 | Statistical analysis

Statistical analysis was performed using IBM SPSS statistics for Win-
dows, version 25.0 (IBM Corp., Armonk, NY, USA). Patient character-
istics and plasma trough levels were described using descriptive
statistics.

The median time on treatment in the different groups, depending
on whether or not dose intervention was advised, implemented
and/or successful, was analysed by Kaplan-Meier survival analysis and
was compared with the log rank test. Furthermore, the PFS of
patients who did or did not achieve adequate Cio,gn during treatment
was also analyzed by Kaplan-Meier survival analysis and compared
with the log rank test. An outcome with a P value less than 0.05 was
considered to be statistically significant.

Sunitinib sum Cyrougn in patients with or without sunitinib-induced
toxicity leading to dose reduction was compared using the nonpara-
metric Mann-Whitney U test. An outcome with a P value less than
0.05 was considered to be statistically significant.

2.6 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
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common portal for data from the IUPHAR/BPS Guide to
PHARMACOLOGY.

3 | RESULTS

3.1 | Patients

A total of 71 patients was included, of whom 53 had RCC and 18 had
GIST. The median (range) age was 62 (24-80) years and 77% of
patients were male. Of patients with RCC, most patients had clear-cell
histology (72%) and an intermediate risk prognostic score (51%).
Patients with RCC and GIST were treated with sunitinib for a median
duration of 31 (2-264) weeks and 66 (7-570) weeks, respectively. An
overview of patient characteristics, including the ECOG performance
status and the localisation of metastases, is presented in Table 1. Dur-
ing treatment with sunitinib, patients could switch from intermittent
dosing to continuous dosing or vice versa. Most of the sunitinib sum
Cirough levels were measured when patients were treated with the

continuous dosing schedule (71%).

3.2 | Pharmacokinetics

An overview of the results of TDM measurements and dose interven-
tions in our total patient cohort is shown in Figure 1. Based on the
sunitinib plasma levels, 39.5% of patients had adequate sunitinib
exposure with the starting dose, 39.5% of patients were underdosed
and 21% of patients were overdosed. Dose intervention during treat-
ment was advised in 43 of 71 patients (61%). The advised dose inter-
vention was implemented in 25 of 43 patients (58%). If dose
intervention was implemented, 92% of patients reached adequate
Cirough- There was a variety of reasons for nonadherence to the pro-
posed dose recommendation. In 7 of 18 patients, dose intervention
could not be implemented due to toxicity. In another 5 out of
18 patients dose intervention was not implemented because both
clinical evaluation and radiological investigation revealed response to
treatment despite low sunitinib sum Ciougn levels. In three patients
(17%), treatment with sunitinib was discontinued before dose inter-
vention could be implemented. In two of these patients, this was due
to rapid disease progression. In the other patient, sunitinib was dis-
continued due to a combination of toxicity, requiring admission to the
hospital and rapidly progressive disease. Finally, in three patients
(17%) dose intervention could not be implemented due to combined
reasons.

A total number of 217 sunitinib serum samples were available,
with a median of two samples per patient (range 1-19). The dose regi-
men normalized median (range) sunitinib sum Ci.ougn in patients with
RCC and GIST were 46 (16-92) and 45 (21-63) ng/mL, respectively. In
patients with RCC, only 18 of 53 patients (34%) had adequate sun-
itinib exposure from the start of treatment. However, with TDM-
guided dose adjustments as advised by the hospital pharmacist, this

number increased to a total of 39 patients (74%). Adequate Cirough
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was reached after a median (range) of 1 (1-5) measurement. For
patients with GIST, 10 of 18 patients (56%) had adequate sunitinib
exposure from the start of treatment. With TDM-guided dosing, a
total of 12 patients (67%) reached adequate Ci ougn after a median of

2 (1-5) measurements. These results are shown in Table 2.

3.3 | Exposure-response relationship

Since the number of patients with GIST was small (n = 18), the
exposure-response relationship was only evaluated for patients with
RCC. In 2 of 53 patients with RCC, dose intervention was not
implemented due to response to treatment as confirmed by radiologi-
cal investigation. CT scan was considered to be superior to TDM mea-
surement in these patients and therefore they were not included in
the following analyses.

For the total group of 51 RCC patients, median time on treatment
was 29 weeks. In Table 3, median time on treatment in patients with
RCC is shown depending on whether or not dose intervention was
advised, implemented and/or successful. Whether or not dose inter-
vention was advised did not affect time on treatment, with a median
time on treatment in patients with or without dose advice of
30 (2-264) weeks and 22 (3-208) weeks, respectively (P = 0.307). If a
dose intervention was advised, the intervention was implemented in
70% of patients. In those patients, a trend towards a longer time on
treatment was observed, with a median time on treatment of
44 (3-264) weeks, compared to 18 (2-168) weeks in patients in whom
dose intervention was not implemented (P = 0.288). Once implemen-
tation of the dose advice resulted in adequate Ciougn levels (91%)
median time on treatment was significantly higher, 55 (8-264) weeks
vs 5 (3-7) weeks (P < 0.001).

Figure 3 shows time on treatment in patients with RCC
depending on whether or not they reach adequate sunitinib sum
Cirough during treatment, either from the start of treatment or after
dose intervention. In patients who achieve adequate Ciougnh during
treatment, time on treatment was higher compared to patients who
did not achieve adequate Cirough, 32 (3-264) weeks vs 15 (2-168)

weeks, but results did not reach statistical significance (P = 0.244).

3.4 | Exposure-toxicity relationship
During each patient visit and measurement of sunitinib sum Ciough,
toxicity was scored. An overview of the observed toxicities at the
same timepoints as the collection of each of the 217 sunitinib samples
is shown in Table 4. The most frequently observed toxicities were gas-
trointestinal disorders (such as nausea or vomiting), skin- and subcuta-
neous disorders (eg, hand-foot syndrome), haematologic toxicity,
fatigue and hypertension.

In our real-world patient cohort, 29 of 71 patients (41%) experi-
enced sunitinib-induced toxicity addressed by a dose reduction, as
determined by the treating physician. The dose regimen normalized

sunitinib sum Cyough Was significantly higher in patients with toxicity
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TABLE 1  Patient characteristics

RCC GIST Overall
Patients (n) 53 18 71
Gender (n (%))
Male 42(79) 13(72) 55(77)
Female 11 (21) 5(28) 16 (23)
Age (median (range)) in years 62 (28-80) 61 (24-73) 62 (24-80)
Weight (mean (range)) in kg 83 (48-132) 88 (60-127) 84 (48-132)
ECOG performance status (n (%))
0 10 (20) 2(11) 12 (17)
1 31(61) 15 (83) 46 (67)
2 10 (20) 1(6) 11 (16)
Unknown 2(4) 0(0) 2(3)
Localisation of metastases (n (%))
Lymph nodes 26 (49) 4(22) 30 (42)
Pulmonary 27 (51) 0(0) 27 (38)
Liver 10 (19) 7(39) 17 (24)
Peritoneum 6(11) 8 (44) 14 (20)
Abdomen 15(28) 11 (61) 26(37)
Central nervous system 1(2) 0(0) 1(1)
Soft tissue 12 (23) 2(11) 14 (20)
Bone 15 (28) 2(11) 17 (24)
IMDC prognostic score (n (%))
Good 11 (21) NA NA
Intermediate 27 (51)
Poor 9 (17)
Unknown 6(11)
Histology (n (%))?
Clear-cell 38(72) NA NA
Papillary 7 (13)
Chromophobe 2(4)
Other 8 (15)
Mutation (n (%))°
c-KIT exon 11 NA 8 (44) NA
c-KIT exon 9 2(11)
c-KIT exon 13 2(11)
PDGFR 3(17)
Other 2(11)
Wildtype 2(11)
Unknown 1(6)
Number of previous lines of systemic treatment 0 (0-4) 1(1-4) 0 (0-4)

(median (range))

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GIST, gastrointestinal stromal tumour; IMDC, International Metastatic RCC Database Consor-
tium; NA, not applicable; RCC, renal cell carcinoma.

?For histological subtype, some patients had a mixed subtype.

bSome patients had multiple mutations.

prior to dose reduction compared to patients without toxicity (median patients without clinically relevant toxicity (44 (14-68) vs
60 (16-151) vs 44 (21-89) ng/mL; P < 0.001). After dose reduction, 44 (21-89) ng/mL; P = 0.488). Sunitinib sum Cyougn in patient with or
sunitinib sum Ciougn in patients with toxicity was comparable to without sunitinib-induced toxicity leading to dose reduction is shown
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Dose intervention Dose intervention Adequate Cyoyen after
advised implemented dose intervention
(ot}

60.6% ) —) ( 58.1%)

43 of 71 patients

Reasons non-adherence dose-advice:

25 of 43 patients

92.0%

—)

23 of 25 patients

l

oy, \ w
38.9% 27.8% 11.1% 16.7% 5.6%
toxicity response toxicity + response  discontinuation unknown
n=7 n=>5 n=2 n=3 n=1
FIGURE 1 Overview of TDM-guided dosing. Abbreviations: Cirough, Plasma trough concentration; TDM, therapeutic drug monitoring
TABLE 2  Sunitinib treatment and sample characteristics

Sunitinib starting dose (n (%))

12.5mg

25 mg

37.5mg

50 mg

Sunitinib starting dosing schedule (n (%))
Continuous dosing

Intermittent dosing

Duration of treatment with sunitinib in weeks
(median (range))

Number of samples per patient (median (range))
Patients who reach adequate Ciroygh (n (%))
Cirough in ng/mL (median (range))

TDM# reaching adequate Ciougn (Median (range))

RCC GIST Overall
0(0) 1(6) 1(1)
7 (13) 0(0) 7 (10)

14 (26) 17 (94) 31 (44)

32 (60) 0(0) 32 (45)

14 (26) 18 (100) 32 (45)

39 (74) 0(0) 34 (55)

31 (2-264) 65.5 (7-570) 38 (2-570)
2(1-9) 4(1-19) 2 (1-19)

39 (74) 12 (67) 51(72)

46 (16-92) 45 (21-63) 46 (16-92)
1(1-5) 2(1-3) 1(1-5)

Abbreviations: Ciougn, Plasma trough concentration; GIST, gastrointestinal stromal tumour; RCC, renal cell carcinoma; TDM, therapeutic drug monitoring.

in Figure 2. The median (range) time on sunitinib until dose reduction
due to toxicity was required was 9.5 (2-189) weeks.

When considering the individual sunitinib sum Ci.o.gn levels prior
to dose reduction, the median Ciougn level measured directly before
dose reduction (n = 37, 17%) was higher compared to the median of
all other sunitinib samples whereafter no dose reduction due to toxic-
ity was required (n = 180, 83%) (67 (16-161) vs 42 (7-89) ng/mL;
P < 0.001).

4 | DISCUSSION

In the current study we investigated the relationship between sun-
itinib exposure and both efficacy and toxicity in a real-world patient
cohort. All metastatic RCC and GIST patients in this study received
TDM-guided dosing as part of routine patient care. We found a signif-
icantly higher sunitinib exposure in patients with sunitinib-induced
toxicity, reductions. After dose

necessitating dose reductions,
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TABLE 3
successful
Number of patients
Dose adjustment advised No 18
Yes 33
Dose intervention implemented No 10
Yes 23
Adequate Cirough after dose intervention No 2
Yes 21

*Statistically significant.

Exposure-response relationship in RCC patients depending on whether or not dose intervention was advised, implemented and/or

Percentage PFS in weeks (median (range)) P value
35 22 (3-208) 0.307
65 30 (2-264)
30 18 (2-168) 0.288
70 44 (3-264)

9 5(3-7) <0.001*
91 55 (8-264)

Abbreviations: Cyough, Plasma trough concentration; PFS, progression-free survival.

sunitinib exposure was comparable to that of patients without the
need of a dose reduction. Furthermore, after implementation of
TDM-guided dose advice, the percentage of patients that reached
adequate sunitinib exposure increased to 92%.

In the current study, observed toxicities were similar to toxicity
observed in clinical trials and toxicity recently reported in a real-world
patient cohort of patients with GIST who were treated with sun-
itinib.12°28 Sunitinib sum Cirough Was significantly higher in patients
with sunitinib-induced toxicity prior to dose reduction compared to
patients without sunitinib-induced toxicity requiring dose reductions
(median 60 vs 44 ng/mL; P < 0.001). Interestingly, however, the dose
regimen normalized median sunitinib sum Ciougn Of patients with
sunitinib-induced toxicity leading to dose reduction (60 ng/mL) in our
study was lower compared to thresholds for toxicity that were previ-
ously reported (>75 ng/mL).2>2?3° Similarly, median PFS in patients
with RCC in our cohort (31 weeks) was slightly shorter compared to
that previously reported in clinical trials (8.3-11 months).3¥%? This
could possibly be explained by the fact that patients in our patient
cohort differed from the patients included in clinical trials. In the
phase lll trial of sunitinib in patients with RCC, 62% of patients had an
ECOG performance status of O, compared to only 20% in our patient
cohort.3! Patients with an ECOG performance status of 2 were not
included in the trials, while 20% of our patients with RCC had an
ECOG performance status of 2. Furthermore, only 15% of patients

PFS related to qmgh C

08
06
04

00

Progression free survival

0 50 100 150 200 250 300

Time (in weeks)

with RCC in our cohort had a good risk prognostic score, compared to
38% of patients in the clinical trial, while 21% of our patients had a
poor risk prognostic score, compared to only 6% of patients in the
trial.3! Another explanation for the lower threshold for toxicity might
be that dose reductions in clinical trials are subject to instructions
specified in the protocol. In real-world patients, however, dose might
be reduced at an earlier stage, for example due to multiple grade 1-2
toxicities. Previously, a therapeutic window for sunitinib sum Ciough
of 37.5-75 ng/mL for continuous dosing and 50-87.5 ng/mL for inter-
mittent dosing has been established.'?*>2° Based on our results,
there is no need to adjust the lower limit of the therapeutic window.
However, considering the fact that sunitinib-induced toxicity leading
to dose reduction was associated with a median sunitinib exposure of
60 ng/mL, the upper limit of the therapeutic window might be
adjusted for real-world patients. Based on our results and taking into
account the dose-proportional PK, a therapeutic window for sunitinib
exposure in real-world patients of 37.5-60 ng/mL for continuous dos-
ing and 50-80 ng/mL for intermittent dosing might be suggested.

In our patient cohort, sunitinib exposure was outside the thera-
peutic window and therefore dose intervention was advised in 61% of
patients, which indicates that only 39% of patients had adequate sun-
itinib exposure with the standard dosage. This corresponds with previ-
ously studies by Lankheet et al., in which 48-51% of patients had
adequate sunitinib levels with standard treatment.!”*® If dose

Achieving adequate

trough
—Myes (n=39)
--ino (0=12)
P=0.244

FIGURE 3 Kaplan-Meier curve of PFS in RCC
patients who did or did not achieve adequate
sunitinib sum Cirougn during treatment. Kaplan-
Meier plot of PFS (in weeks) for RCC patients who
did (n = 39, solid line) or did not (n = 12, dashed
line) achieve adequate sunitinib sum Cirougn levels
during treatment. Abbrevations: Ci,ough, Plasma
trough concentration; PFS, progression-free
survival; RCC, renal cell carcinoma
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TABLE 4 Overview of observed toxicities at the time of sunitinib Cirough Sampling
Any grade® Grade = 2
Number of reported Number of reported
Toxicity toxicities Percentage® toxicities Percentage®
Gastrointestinal disorders 120 55 36 17
Skin- and subcutaneous disorders (eg hand-foot 72 33 25 12
syndrome)
Haematological toxicity 49 23 14
Fatigue 51 24 18 8
Hypertension 44 20 30 14
Increased liver enzymes 44 20 5 2
Musculoskeletal disorders 22 10 3 1
Hypothyroidism 10 5 6 3
Respiratory disorders 6 3 2 1
Proteinuria 1 0.5 1 0.5

?According to the Common Terminology Criteria for Adverse Events of the National Cancer Institute, version 4.0.

bPercentage is calculated over a total of 217 obsevation moments.

intervention was advised and thereafter implemented, up to 92% of
patients reached adequate sunitinib exposure, confirming the previ-
ously reported high success rate of TDM-guided dosing in treatment
with sunitinib.*®

In our cohort, the number of patients with GIST was small and
therefore the relationship between exposure and efficacy could not
be investigated in these patients. For patients with RCC, there was a
trend towards a longer time on treatment in patients who achieved
adequate sunitinib exposure during treatment, with a median time on
treatment of 32 weeks compared to 15 weeks in patients not achiev-
ing adequate sunitinib exposure, although the difference was not sta-
tistically significant (P = 0.244). Houk et al. previously compared PFS
in RCC patients with a high or low sunitinib exposure, though they did
not report numerical PFS.'> However, the Kaplan-Meier curve of
Houk et al. for patients with mRCC and a high sunitinib exposure is
comparable to the Kaplan-Meier curve of patients who achieved ade-
quate sunitinib exposure in our patient cohort, suggesting that our
patients were generally well dosed. The inability to show a significant
improvement in PFS with TDM-guided dosing could most likely be
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explained by the limited number of patients in this study, especially
the number of patients not achieving adequate sunitinib exposure
(n =12, 24%). These patients did not achieve adequate sunitinib expo-
sure due to a variety of reasons (eg, the inability to increase the dose
due to toxicity, because the patient was responding to treatment
despite low sunitinib sum Cyougn levels, or since sunitinib treatment
was discontinued before dose intervention could be implemented).

TDM-guided dosing for imatinib, sunitinib and pazopanib is nowa-
days considered routine patient care in the Netherlands and is being
implemented on a nationwide level.'? However, the data presented in
this study are at least in part from a period in which TDM-guided dos-
ing was performed on the initiative of the treating physician in
selected cases, for example in patients not responding to treatment or
in patients experiencing toxicity. This could potentially have resulted
in selection bias of patients who were over- or underdosed and could
have affected our results.

This study has several other limitations. First, the number of
patients described in this study was relatively small. This may have

contributed to the inability to show a significant improve in time on
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treatment with TDM-guided dosing, especially since time to progres-
sion is influenced by many other factors as well (such as histological
subtype of RCC and the International Metastatic RCC Database Con-
sortium prognostic score).>* Furthermore, the number of patients
required to show a significant difference in time on treatment was not
calculated in advance and CT evaluations were not performed at
predefined timepoints. Second, this was an observational cohort study
of real-world patients, performed in a retrospective manner instead of
a superior randomised controlled prospective clinical trial. In particu-
lar, toxicity was not always reported according to the CTCAE criteria.
The determination of the grade of toxicity was challenging and was
subject to the interpretation of the researchers. Clinically relevant tox-
icity was defined as toxicity requiring dose reduction, which could be
accurately collected from patient records. However, dose reductions
in real life are based on the interpretation of the treating physician, as
opposed to strict regulations in clinical trials. However, despite the
limitations, this is the first study investigating the relationship
between sunitinib exposure and both efficacy and toxicity in a real-
world patient cohort.

Randomised controlled trials focusing on the efficacy of TDM are
lacking. However, in the Netherlands, there is ongoing research in
TDM-guided dosing for TKIs. A large multicenter prospective study is
currently being performed in which the efficacy and feasibility of
TDM-guided dosing for up to 23 TKls is being investigated (www.tri-
alregister.nl; NTR 6866).%> Furthermore, TDM-guided dosing is being
implemented on a nationwide level for patients with solid tumours
treated with imatinib, sunitinib and pazopanib in an infrastructure all-
owing future expansion for other oral oncolytics with enough evi-
dence for TDM-guided dosing (the TUNE project [grant no. 11575]
funded by the Dutch Cancer Society).

In conclusion, we have shown that sunitinib exposure in real-
world patients with RCC or GIST is significantly higher in patients
experiencing sunitinib-induced toxicity leading to dose reduction com-
pared to patients without toxicity. The threshold for toxicity, how-
ever, was lower compared to that previously reported in patients in
clinical trials. Based on our results, a therapeutic window for sunitinib
exposure in real-world patients of 37.5-60 ng/mL for continuous dos-
ing and 50-80 ng/mL for intermittent dosing might be suggested.
Especially in a palliative setting, preserving the right balance between
benefit of treatment and the occurrence of toxicity (and therewith tol-
erance to treatment) is of utmost importance. Therefore, TDM-guided
dosing can be an elegant and feasible tool to improve the treatment

of these patients.
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