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Individualization of Dose and Schedule
Based On Toxicity for Oral VEGF Drugs
in Kidney Cancer
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Abstract. The introduction of oral vascular endothelial growth factor receptor tyrosine kinase inhibitors therapy has been
associated with major improvements in outcome for patients with metastatic kidney cancer. Each drug has been licensed
with rigid dosing criteria that are not optimal for all patients. This paper reviews the growing body of evidence suggesting
that individualized dosing based on toxicity may be associated with optimal drug exposure for each patient and improved
outcome both in the metastatic and adjuvant setting.
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INTRODUCTION

This review will discuss the available data sug-
gesting that patients with metastatic renal cell cancer
(mRCC) that experience a degree of toxicity asso-
ciated with their oral vascular endothelial growth
factor receptor tyrosine kinase inhibitors therapy
(VEGFR-TKI) may do better than those with min-
imal toxicity. If toxicity can be used as a surrogate
biomarker for optimal pharmacokinetics (PK) and
pharmacodynamics (PD) for each patient, the many
complex variables such as interindividual differences
in VEGFR-TKI absorption, metabolism, interactions
with other drugs and food [1] and genomic poly-
morphisms could be accounted for by toxicity driven
dose and schedule changes. This strategy might then
optimize drug exposure for each patient and improve
outcomes. Sunitinib will be discussed first since most
of the available data has been generated with this drug
and a prospective trial of individualized sunitinib has
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been recently published [2]. Some of the general con-
cepts that may also apply to other VEGFR-TKIs are
discussed in this section. This will be followed by
a summary of available data for axitinib, pazopanib,
cabozantinib and sorafenib.

SUNITINIB

Sunitinib is a first line therapy for mRCC with a
recommended starting dose and schedule of 50 mg
daily for 28 days followed by a 14-day break (4/2
schedule) with dose reductions for toxicity to 37.5 mg
(75% of starting dose) and 25 mg (50% of starting
dose) on the same schedule.

The half- life of sunitinib and its active metabolite
(SU12662) is 40–60 hours and 80–110 hours respec-
tively. There is a large interindividual variation of
30–150 ng/ml in Sunitinib through concentration at a
50 mg per day dose [3] and several SNPs have been
reported that can play a role in the interindividual
variation of sunitinib PK [4–8].

Drug exposure is important for the activity of
sunitinib and other VEGFR-TKIs. A meta-analysis
of several studies that included 149 mRCC patients
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treated with sunitinib found a longer time to progres-
sion (TTP) and overall survival (OS) as well as a
higher objective response rate (ORR) in patients with
a higher (sunitinib plus SU12662 > 800 ng x h/ml)
steady state area under the curve (AUC) [9]. The
improvement in OS associated with a higher AUC
was confirmed in another study on 55 mRCC patients
using a higher cut-off value for AUC (>1,973 ng x
h/ml) [4]. However, in 146 patients receiving the
standard 4/2 schedule of sunitinib [10] there was
no correlation between sunitinib “steady state trough
concentrations values” on day 29 (cycle 1) and the
need to dose reduce based on toxicity. Therefore
PK-guided dosing alone cannot be used to individ-
ualize sunitinib dosing [11]. This lack of correlation
between PK and toxicity for sunitinib, has been con-
firmed for pazopanib and axitinib [11–13]. While a
high AUC is important, it alone can’t predict toxicity
or optimal PD. Gotink et al found that intratumoral
and skin concentrations of sunitinib in mice and intra-
tumoral concentration in patients were 10.9 ± 0.5
and 9.5 ± 2.4 mmol/L, respectively, whereas plasma
concentrations were 10-fold lower, 1.0 ± 0.1 and
0.3 ± 0.1 mmol/L, respectively [14]. Plasma concen-
trations therefore do not truly reflect the intratumoral
concentration of sunitinib, due to its high volume
of tissue distribution. The intratumoral concentration
may therefore be better reflected by the concentration
in normal tissue that is in turn reflected by normal
tissue toxicity.

VEGFR-TKI PK parameters can decline over time
in spite of constant dosing as has been described for
both sorafenib [15, 16] and pazopanib [17, 18]. A sim-
ilar decline in sunitinib PK was found in 17/22 patient
in the study on individualized sunitinib [2]. This may
explain why some patient experience some reduc-
tion in side effects as they stay on a constant dose of
VEGFR-TKIs long-term and may be an argument for
continuous dose/schedule changes to optimize drug
exposure.

One mechanism of sunitinib resistance in 786-O
renal and HT-29 colon cancer cells was found to
be mediated by lysosomal sequestration of the drug
[14]. This resistance mechanism was reversible with
recovery in drug-free culture. A similar reversible
resistance to sorafenib has been found in human
mRCC xenograft models with intermittent sorafenib
therapy being more active than continuous exposure
[19, 20]. These data suggest that intermittent rather
than continuous delivery of VEGFR-TKIs may be
more active than continuous therapy. This concept is
supported by the EFFECT trial comparing sunitinib

50 mg on the 4/2 schedule to a continuous delivery at
37.5 mg [10]. The 4/2 schedule was associated with a
numerically longer PFS and statistically superior time
to deterioration, a composite end point of death, pro-
gression, and disease-related symptoms (P = 0.034).
The continuous dosing schedule for sunitinib has
been abandoned in mRCC but remains the recom-
mended schedule for other VEGFR-TKIs used for
RCC without any scientific rationale.

Steady state blood levels for sunitinib are reached
after 10–14 days [21]. This time to maximum AUC
is consistent with micro-bubble ultrasound data [22]
for patients responding to sunitinib which demon-
strated that most of the benefit from sunitinib may
be achieved by day 14. In 8 patients, studied at base-
line and after 7 days and 14 days on therapy, tumor
blood volume (a measure of antiangiogenic activity)
decreased on day-7 and again on day-14. However,
in 6 patients studied at baseline, and after 14 days
and 28 days on therapy, blood volume decreased on
day-14 compared to baseline but remained stable or
increased on day-28 versus day-14 in 4 patients. Most
patients showed a rebound in blood volume after a 14-
day treatment break. Taken together the above data
on PK and PD suggest that a shorter duration of ther-
apy with breaks may be better than a premature dose
reduction, and that the treatment break should be as
short as possible to avoid tumor progression that can
occur during treatment interruption [22–25].

Several retrospective series have shown that
patients that do not need dose/schedule changes
from the standard 50 mg 4/2 sunitinib schedule to
manage toxicity have a worse outcome. This is
consistent with early report showing a better out-
come in mRCC patients that developed hypertension,
hypothyroidism or hand foot syndrome while on
VEGFR-TKI therapy [26, 27].

This was first documented in a retrospective
analysis of 172 patients with an inferior outcomes in
patients experiencing minimal toxicity on the stan-
dard 50 mg 4/2 schedule compared to patients that
developed toxicity and required dose/schedule mod-
ifications [22]. Dose/schedule modifications (DSM)
were done to keep toxicity (hematological, fatigue,
skin, and gastrointestinal) at ≤ grade-2. Patients that
needed schedule modifications at the 50 mg dose or
dose reductions and schedule modifications because
of toxicity had a PFS (10.9–11.9 months respectively)
and OS (23.4–24.5 months respectively) that was
significantly better than the PFS (5.3 mo; P < 0.001)
and OS (14.4 mo; P < 0.03 and 0.003 respectively)
for the standard schedule (50 mg, 28/14). Several
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Table 1
Retrospective analysis of the impact of dosing changes for toxicity on outcome in three prospective trials

Study Phase-III sun vs. Inf Effect Comparz
Drug Sunitinib 4/2 Sunitinib 4/2 Sunitinib 4/2 Pazopanib
Dosing No dose Any dose No dose Any dose No dose Any dose No dose Any dose

reduction reduction reduction reduction reduction reduction reduction reduction

N 181 194 95 51 270 277 308 246
PFS Mo
95% CI

8.1
(6.3–10.6)

14.0
(13–16.2)

5.8
(3.9–8.5)

13.4
(9.8–19.8)

5.5
(4.3–8.1)

13.8
(11.1–16.4)

7.3
(5.3–8.3)

12.5
(10.9–15.0)

OS Mo
95% CI

– – – – 18.1
(14.1–23.4)

38.0
(31.5–NE)

21.7
(18.1–24.7)

36.8
(33.1–NE)

ORR%
95% CI

25.4 60 22.12 51 16
(11.9–20.7)

34
(28.0–39.1)

22
(17.1–26.4)

42
(36.1–48.4)

P – – – – P < 0.001 for P < 0.001 for
PFS, OS and ORR PFS, OS and ORR

other retrospective series have subsequently con-
firmed this observation of an inferior outcome in
patient that do not need sunitinib dose/schedule
adjustments for toxicity [28–32].

Retrospective analysis of three prospective ran-
domized trials [10, 33, 34] are of particular interest
(summarized in Table 1). A retrospective analysis
[11] of the phase-III trial comparing sunitinib to
Interferon (375 patients) [33] and the 4/2 arm of the
Phase-II EFFECT trial (146 patients) [10] showed an
inferior ORR and median PFS in patients that contin-
ued on the standard schedule with minimum toxicity
vs. those that required dose changes due to toxicity.
The impact on OS was not reported. A similar signif-
icant impact on PFS, OS and ORR based on the need
for dose reduction and treatments breaks ≥7 days
due to toxicity was reported for both sunitinib and
pazopanib in a post hoc analysis of the COMPARZ
trial [34, 35] (Table 1).

These retrospective data show that toxicity may be
used as a surrogate for adequate drug exposure and
to guide individualized dosing. Furthermore, these
data raise the question whether patients with mini-
mal toxicity on the maximum approved dose of an
oral VEGFR-TKI should be dose escalated. In mice,
sunitinib-induced resistance can be overcome, in part,
by increasing the dose, and a potential role of epige-
netic changes associated with sunitinib resistance was
suggested [36]. This study also reported a PFS benefit
in 17 patients that were dose escalated to 62.5 mg or
75 mg after early progression. A retrospective anal-
ysis of 25 patients, progressing on sunitinib 50 mg,
reported a benefit from dose escalation to 62.5 and 75
mg [37]. At standard doses, 60% and 16% of patients
had a PR and SD as best response respectively for a
median duration of 11.4 months (95% CI: 3.0–20.7).
A total of 6 patients (24%) had progressing disease
(PD) as best response. After progression, 36% and

28% had PR and SD on higher doses of sunitinib
respectively for a median duration of 7.8 months
(95% CI: 6.3–12.4). The median PFS1, PFS2 and
OS were 6.1 months (95% CI: 2.3–19.4), 6.7 months
(95% CI: 3.1–8.4) and 63.7 months (95% CI: 26-NR)
respectively. Three patients that had a PD on a 50 mg
dose had a clinical benefit (1 PR, 2 SD) at the higher
doses. Another way to increase the drug exposure for
sunitinib is to give the drug without breaks [38, 39].
At progression, 34 patients with mRCC who had mild
toxicity were given sunitinib 50 mg once daily con-
tinuously and continued until disease progression or
toxicity. With continuously dosed sunitinib, 2 (5.9%)
patients achieved PR, 27 (79.4%) had SD, and the
disease still progressed in 5 (14.7%) patients. Tumor
size was reduced in 10 (38.2%) patients [39].

INDIVIDUALIZED SUNITINIB STUDY:

A prospective phase-II study of individualized
sunitinib dose and schedule was recently published
[2]. Based on the data presented above, it was hypoth-
esized that toxicity-driven dose and schedule changes
would optimize drug exposure and improve outcome
for each patient. The eligibility criteria for the study
were similar to the EFFECT trial [10] for which
median PFS (8.5 months) on the 4/2 arm was used
as the historical control to power the study. One
hundred and seventeen patients with metastatic clear
cell renal-cell cancer started sunitinib 50 mg/day with
the aim to treat for 28 days. Treatment breaks were
reduced to 7 days from the usual 14 days. Sunitinib
dose and number of days on therapy were individual-
ized based on toxicity aiming for ≤ grade-2 toxicity
(oral mucositis, diarrhea, hand-foot syndrome,
neutropenia, thrombocytopenia, and fatigue) with
dose escalation in patients with minimal toxicity. If
grade-2 toxicity developed before day 28, sunitinib
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Table 2
Dose and schedule distribution for 108 patients on optimized dosing

Sunitinib Schedule Patients currently on or came
Dose (mg) (days on/off) off therapy on this dose and

schedule
75 18/7 1
75 14/7 4 20 patients (18.5%)
75 10/7 1 dose escalated
75 7/7 2
62.5 16/7 2 Median dose intensity (DI)
62.5 14/7 4 1.5 at 75 mg
62.5 12/7 1 1.3 at 62.5 mg
62.5 10/7 1
62.5 7/7 4
50 28/7 6 7 patients (6.5%) on for 28 days,
50 28/14 1 DI = 1
50 25/7 1
50 24/7 2 In 50 patients (46.3%)
50 16/7 2 50 mg dose maintained with fewer
50 14/7 22 days on Rx.
50 13/7 1 Would have been dose reduced by
50 12/7 1 standard criteria
50 9/7 2 DI = 0.9
50 7/7 19

37.5 Continuous 4
37.5 21/7 1 21 patients (19.4%) dose reduced
37.5 14/7 5 to 37.5 mg,
37.5 11/7 2
37.5 9/7 1 DI = 0.8
37.5 7/7 8
25 Continuous 2 10 patients (9.3%) reduced to 25 mg,
25 14/7 4
25 7/7 4 DI = 0.5

was held for 7 days. Therapy was then continued on
a 50 mg dose with the number of days on therapy
individualized based on toxicity. The dose was only
reduced to 37.5 mg and then 25 mg if patients did
not tolerate a 50 mg or 37.5 mg dose respectively for
at least 7 days. Patients with ≤ grade-1 toxicity after
28 days on therapy were dose escalated to 62.5 mg
and then 75 mg on a schedule of 14 days on and
7days off and the number of days on therapy then
individualized up or down based on toxicity.

All 117 patients started therapy but nine came off
study due to progression and toxicity before confir-
matory imaging was done. Of 108 patients, where
optimal dosing was established, 7 were still on ther-
apy. Table 2 shows the dose and schedule when
therapy was discontinued for the 108 patients where
optimal dosing was established. There was a large
interindividual variability in the optimal dose and
schedule. The median time to optimal dosing was 4
months (range 1.8–13.2) with some patients adding
days on therapy or dose escalating during therapy
when toxicity resolved to some extent. Dose intensity
at the optimal dose and schedule was calculated as
previously described [31]. In 20 patients (18.5%)

dose was escalated to 62.5 mg (12) and 75 mg
(8), with a dose intensity of 1.3 and 1.5 respec-
tively. In 50 patients (46.3%), a 50 mg dose was
continued but for less than 28 days (dose inten-
sity 0.9), thus avoiding a reduction to 37.5 mg
as per standard dosing criteria. In 21 patients
(19.4%) dose was reduced to 37.5 mg (dose inten-
sity 0.8), and in 10 patients (9.3%) dose was
reduced to 25 mg (dose intensity 0.5). Six patients
received continuous dosing at 25 mg (2) and 37.5 mg
(4) rather than dose escalate to the next higher
dose level as per protocol due to patient/physician
decision.

Most patients settled on a dose and schedule that
resulted in noticeable toxicity, between grade-1 and
grade-2, that they could accept long term. Dose reduc-
tions were required for toxicity in 31/117 patients
(26.5%) and therapy was discontinued due to toxic-
ity in 9/117 (7.7%). In previous sunitinib trials, 50%
of patients required dose reduction [33] and 18–20%
discontinued due to toxicity [33, 34]. There were no
significant changes during therapy in the mean qual-
ity of life scores for the FACT-G and the FKSI-DRS
(p = 0.58 and 0.10 respectively).



A. Parmar and G.A. Bjarnason / Individualized VEGFR-TKI Therapy for mRCC 217

The null hypothesis for the primary endpoint was a
progression free survival (PFS) of 8.5 months based
on the 4/2 arm of the EFFECT trial that had similar
eligibility criteria. The null hypothesis was rejected
(p < 0.001) with a median PFS of 12.5 months (95%
CI: 9.6–16.5). The median OS was 38.5 months (95%
CI: 28.3-not reached). The ORR (46.1%), and SD rate
(38.5%) translated into a clinical benefit for 84.6%
of patients. There was no association between ORR,
PFS or OS vs. dose given, duration of therapy or dose
intensity. One dose, dose intensity or duration of ther-
apy does not fit all. While no direct comparison can be
made between trials, the efficacy data compare favor-
ably to contemporary data for sunitinib, axitinib and
pazopanib [10, 34, 40] and to recent data for IMDC
intermediate and poor risk patients [41, 42].

In 46 patients with PK data at baseline and after
optimal dosing was established the sunitinib and
SU012662 concentration increased (standard error)
by 20.5 (5.9) and 12.7 (2.8) ng/ml respectively in
those that were dose escalated and decreased by 16.2
(15.6) and 12.1 (5.1) ng/ml respectively in those
that were dose reduced. After dose individualization,
the mean concentration was not different between
dose levels for sunitinib (p = 0.10) but still differ-
ent for SU012662 (p = 0.01) showing that this dosing
method leads to less interindividual differences in
PK but some differences remain emphasizing the
importance of pharmacodynamics for toxicity and
outcome.

In another study, 45 patients given toxicity-
adjusted dosing of sunitinib (85% on sunitinib on
the 2/1 schedule) had drug level monitoring every 6
weeks. The main endpoint of study was intra-patient
drug level variability, that remained unacceptably
high in 25% of patients in spite of toxicity adjusted
dosing [43]. At the end of the day, intratumoral drug
exposure, that are better reflected by toxicity, may be
more important for optimal outcome for each patient
than the drug levels in blood.

Dose individualization is commonly used in
Canada based on the experience of investigators that
entered patients on the above sunitinib individual-
ization trial. In an analysis using the prospective
Canadian Kidney Cancer Information System [44],
the median OS (37.9 vs. 22.3 months) and time to
treatment failure (12.9 vs. 5.6 months) were both
improved (p < 0.001) for individualized sunitinib
(n = 355) compared to standard schedule sunitinib
(n = 151) respectively. These real-life data for unse-
lected kidney cancer patients treated first line support
the data on individualized sunitinib.

AXITINIB:

Axitinib is a potent and selective inhibitor of
VEGF-R 1, 2 and 3. It has a short half-life of 2.5
– 6 hours, noticeably shorter than that for suni-
tinib. Axitinib was approved in previously treated
mRCC patients based on a superior PFS compared
to sorafenib [45]. A first line trial vs. sorafenib did
not meet its primary endpoint but showed good activ-
ity with an ORR of 32% and PFS of 10.1 Months
[40]. Recently axitinib in combination with Pem-
brolizumab has been approved in the first line setting
having shown significantly better ORR, PFS and OS
vs. sunitinib [46].

A population PK analysis for axitinib, includ-
ing data from 17 trials (383 healthy volunteers,
181 mRCC patients, 26 other solid tumor patients),
showed a linear relationship between dose, plasma
exposure and AUC. There was a significant interindi-
vidual variability in AUC at 4 weeks. High AUC
and increase in diastolic blood pressure were both
independent predictors of better response and longer
PFS and OS [12]. The probability of achieving PR
increased with every 100 ng x h/ml increase in AUC
and both PFS (13.8 months vs. 7.4 months, p = 0.003)
and OS (37.4 months vs 15.8 months; p < 0.001) were
significantly longer in the high-AUC group (>300
h×ng/mL) vs. the low-AUC group (<300 h×ng/mL)
respectively. This association between a higher AUC
and better outcome has been confirmed in one study
using dynamic contrast enhanced MRI as a surrogate
for vascular response and in another study of patients
with UGT1A1 polymorphism [47, 48].

In a phase-II dose titration study, patients hav-
ing received axitinib 5 mg BID for 4 weeks, with
BP ≤ 150/90, on ≤ 2 drugs for hypertension and no
grade-3 or grade-4 axitinib related toxicity, were
randomized to axitinib dose titration (to 7 mg BID
and then 10 mg BID) vs. placebo titration [49]. Of
213 patients enrolled, 112 were randomized but 91
remained on 5 mg BID dose or lower based on tox-
icity. Response rate was significantly improved in
the active vs. placebo titration arm (54% vs. 34%,
p = 0.019), but there was no significant difference
in PFS even though PFS was high in both titrations
arms (14.5 vs. 15.7 Mo). In the non-randomized arm,
where patient could not be dose escalated due to tox-
icity, the response rate was 59% and PFS 16.6 Mo.
There was no difference in OS [50]. The fact that
patients with hypertension and/or on antihyperten-
sive therapy were excluded from dose escalation may
have underestimated its value. This group of patients
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is destined to do well on axitinib therapy [51]. Sev-
eral patients who escalated to 7 mg BID and higher
had to quickly reduce to 5 mg BID dosing or lower,
suggesting that this dose titration schema for Axitinib
was too steep for some patients. Although the hazard
ratio for PFS favored the titration arm (HR = 0.85),
this was not statistically significant.

A phase-II study was conducted to study a more
refined individualized dosing for Axitinib based on
toxicity [52]. Patients started axitinib 5 mg BID. In
the absence of grade 2 mucositis, diarrhea, hand-foot
syndrome, or fatigue, dose titration was done every
14 days in 1 mg increments up to 10 mg BID. Other
toxicities, notably treatable hypertension, were not
considered for titration decisions. If grade 2 toxic-
ity occurred, therapy was held for 3 days, and then
resumed at the same dose. Recurrent grade 2 tox-
icity despite treatment breaks or grade 3–4 toxicity
resulted in dose reduction in increments of 1 mg BID.
This individualized dosing continued until a steady
dose, was identified. All 40 patients entered on study
had immunotherapy as the last therapy before axitinib
and most had received at least 2 therapies including
previous VEGF directed therapy (70%).

The study hypothesis was that individualized axi-
tinib therapy would improve the PFS from the 6.5
months, previously reported in retrospective reviews
for VEGF targeted therapy post immunotherapy [53,
54], to 9.5 months. The trial did not meet this pri-
mary endpoint but showed good clinical activity in
this cohort of heavily pretreated patients with a PFS
was 8.8 months (95% CI 5.7–16.6), and a 45% ORR
(1(3%) CR, 17 (43%) PR). Eighteen patients (45%)
had SD and 4 (10%) had PD. Of the 18 patients
who responded to axitinib, 12 (67%) had a sus-
tained response of more than 12 months. OS was not
reported. The median daily dose per patient was 5 mg
twice daily, with a maximum dose of 9 mg twice daily
and a minimum dose of 2 mg AM and 1 mg PM and
13 (33%) patients required dose reduction to less than
5 mg twice daily. The median number of dose changes
for all patients was three (interquartile range 2–4)
with 70% of all dose changes being done within the
first 4 months. A stable dose (defined as ≥3 months
without dose change) was achieved in 73% of patients
with a median time to stable dose of 1.0 month
(interquartile range 1.0–2.5). The median stable dose
for all patients was 6.0 mg BID (4.7–7.0). Of the 16
patients with a CR or PR who achieved a stable dose,
nine (56%) had stable doses of 4 mg, 6 mg, or 8 mg
BID, which are not included in the FDA-approved
label. In a post-hoc exploratory analysis, there was no

clear relationship between dose and response. This
agrees with the data from the sunitinib individual-
ization study described above where there was no
association between ORR, PFS or OS vs. dose given
or vs. dose intensity [2]. 95% of patients required
at least one break while on treatment. The median
number of breaks per cycle was 0.81 (0.4–1.3). This
was expected and built into the protocol in an effort
to maximize drug exposure as opposed to aiming for
a dose that could be given continuously without a
break. The 3-day break on this study versus the 7-
day break in the sunitinib study is possible because
of the much shorter half-life of axitinib vs. sunitinib.

Since patients were treated to toxicity the inci-
dence of grade-1 and -2 toxicities was relatively high,
but grade-3 toxicity, other than hypertension, was
rare and with no patients discontinuing therapy due
to toxicity. The proportion of patients with grade-
3 hypertension (60%) on this study is much higher
than on the AXIS [55] trial (16%) and might be an
indicator of a successful titration schedule [51]. The
authors suggested this scheduling could be used when
axitinib is given in combination with immunotherapy.

The above data, indicating that a higher expo-
sure to axitinib is associated with better clinical
outcomes in the metastatic setting have now been
extended to the adjuvant setting. The ATLAS trial
compared axitinib vs. placebo in patients with locore-
gional RCC at risk of recurrence after nephrectomy
[56]. Patients (n = 228) requiring dose reduction for
toxicity had a longer disease free survival (DFS)
than those (n = 109) with a stable dose (HR = 0.458,
CI: 0.305–0.687, P = 0.0001). However, patients able
to tolerate a dose increase (n = 19) did not have a
different DFS vs. stable dose patients (HR = 1.936,
CI: 0.937–3.997, P = 0.0685). This suggests a rela-
tionship between axitinib exposure and DFS in the
adjuvant setting as has been reported with pazopanib
in the adjuvant PROTECT study [13].

PAZOPANIB

Pazopanib was approved in the 1st line setting
for mRCC based on a randomized study showing
improved PFS versus. placebo [57]. A subsequent
phase 3 study showed similar PFS, OS and ORR vs.
sunitinib 1st line but differences in toxicity profiles
[34].

Pazopanib, an inhibitor of VEGFR1, 2 and 3,
PDGFR, c-Kit and FGFR1, 3 and 4, is metabolized
mainly by CYP3A4, to form its metabolites (M1-M7)
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[58]. Only the M2 metabolite has a bioactivity similar
to pazopanib. Pazopanib has a half-life of 31.1 hours,
but there is a significant intrapatient (25–27%) [17,
59] and interpatient variability in PK (67–72%) [60,
61]. Administration of pazopanib with food increased
Cmax and AUC by approximately two-fold and the
use of medications that alter gastric pH also con-
tribute to the inter- and intra-patient variability of
pazopanib pharmacokinetics.

An analysis of the relationship between plasma
pazopanib concentrations, clinical efficacy and safety
in patients with mRCC [62] was based on data from
225 patients with locally advanced or metastatic RCC
treated with pazopanib (800 mg/day) in a single-
arm phase II trial [63]. With the approved dose of
800 mg once daily, approximately 20% of patients
did not reach the pharmacokinetic threshold of Cmin
C20 mg/L. Median PFS (52 weeks vs. 19.6 weeks)
and ORR (37.9% vs. 6.9%) were significantly bet-
ter in patients with week-four Ctrough levels above
20.5�g/ml. Likewise, the % of pazopanib refractory
patients was more than double when the week-four
level was less or equal to 20.5�g/ml (38%) com-
pared with patients with a week-four Ctrough above
20.5�g/ml (11%).

The rationale for individualized pazopanib ther-
apy based on PK data has been reviewed [18] and
this concept has been tested in two small trials. The
first study was a prospective trial in 30 patients with
advanced solid tumors [61]. This study set Cmin of
20.0 mg/L as the target exposure. At weeks 3, 5,
and 7, the pazopanib dose was increased if Cmin
was <20.0 mg/L and toxicity was below grade 3.
This dosing algorithm led to patients being treated
at doses ranging from 400 to 1800 mg/day. In 57% of
patients (n = 17) the ideal C-trough level (20.5�g/ml)
was not achieved by taking a fixed dose of 800 mg
QD but with dose escalation above 800 mg the
Cmin in 10 of these patients rose significantly from
13.2 to 22.9 mg/L. The overall variability in Cmin
was reduced from 71.9% on the fixed-dose sched-
ule (week 2) to 33.9% (week 8) after applying the
pharmacokinetically-guided dosing algorithm. This
study showed that pazopanib can be safely dose esca-
lated in patients with minimum toxicity and that a
dose of 800 mg/day is inadequate for many patients.
It also showed that PK guided dosing is not useful in
60% of patients. In a subset of patient treated con-
tinuously at the 800 mg dose the AUC decline over
time.

In another study [17], 13 patients were treated
with pazopanib for 3 consecutive periods of 2 weeks.

During the first period, all patients received 800 mg
pazopanib once daily to reach steady-state exposure.
During the second period, patients either received a
PK-guided individualized pazopanib dose or the reg-
istered fixed 800 mg dose. During the third period,
these two dosing regimens were switched. PK-guided
dosing did not reduce the inter-patient variability
in pazopanib exposure, and the authors concluded
that PK guided dosing was not useful for this drug.
Overall, 53.9% of patients in the AUC-guided dosing
arm and 46.2% of patients in the fixed-dosing arm
achieved the target exposure. Pazopanib AUC0-24hr
decreased 17% over time in spite of constant dosing
as has been shown for Sorafenib [15, 16].

In previous clinical trials for mRCC, pazopanib
has been given on a continuous schedule with dose
reduction from the standard 800 mg dose for patients
that develop toxicity on continuous therapy. Dose
escalation in patients with no toxicity has not been
recommended. The data discussed above highlight
the significant inter and intra patient variability in
PK, the importance of adequate drug exposure for
outcome and that PK guided dosing is not a clini-
cally useful method to deal with this. Using toxicity
as a surrogate for adequate pazopanib dosing, as has
been studied with sunitinib and axitinib, with treat-
ment breaks rather than continuous dosing, has not
been formally studied. Toxicity driven individualized
pazopanib dosing with treatment breaks is further
supported by the a post hoc analysis of the COM-
PARZ trial [34, 35] described above and in Table 1.
Patients that needed dose reduction and treatments
breaks due to toxicity, a surrogate for adequate dos-
ing, had a significantly better PFS, OS and ORR
than those that remained on the standard 800 mg
dose without significant toxicity. This was true for
both pazopanib and sunitinib patient in this post hoc
analysis.

These data regarding the importance of optimal
pazopanib drug exposure in the metastatic setting
have now been extended to the adjuvant setting. The
PROTECT study evaluated pazopanib as adjuvant
therapy after nephrectomy [64]. The starting dose
in this trial was reduced from 800 mg to 600 mg
due to perceived high discontinuation rates. The
study failed to show any DFS benefit in the patients
starting at a 600 mg dose (primary endpoints, 571
patients), but the patients starting at 800 mg had a
31% reduced risk of recurrence or death (secondary
endpoint, 198 patients). These results led to a study
to evaluate if pazopanib drug exposure (Cthrough)
correlated with efficacy and safety in the adjuvant
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setting based on PK sampling from 311 patients
at week 3 and 5 and 250 patients at week 16 and
20 [13]. More than 90% of these patients started
on the 600 mg dose and only 21% of all patients
started on this dose level had a dose escalation to
800 mg. Patients with higher early Ctrough quar-
tiles achieved longer DFS (adjusted HR, 0.58; 95%
confidence interval, 0.42–0.82; P = 0.002). Patients
achieving early or late Ctrough >20.5 mug/mL had
significantly longer DFS: not estimable (NE) versus
29.5 months, P = 0.006, and NE versus 29.9 months,
P = 0.008, respectively. Dose intensity up to week 8
did not correlate with DFS. This is consistent with
previous data that show that drug exposure as opposed
to given dose determines clinical effect. The pro-
portion of AE-related treatment discontinuation and
grade 3/4 AEs, with the exception of hypertension,
was not correlated to Ctrough. These data and the
data for adjuvant Axitinib [56] suggest that toxicity
driven dose and schedule changes may be impor-
tant not only in the metastatic setting but also in the
adjuvant setting [65].

CABOZANTINIB

Cabozantinib is approved for the treatment of
renal cell carcinoma following anti-angiogenic ther-
apy based on the METEOR study [66, 67]. The
recommended starting dose is 60mg per day given
continuously. Cabozantinib has a long terminal
plasma half-life (∼120 h) and accumulates fivefold
by day 15 following daily dosing based on AUC. This
is similar to the data for sunitinib that show that the
max AUC was obtained after 10–14 days. Continuous
cabozantinib dosing for more than 15 days may not
be required for all patients to optimize drug exposure.

Cabozantinib exhibited a high interpatient PK vari-
ability in mRCC patients on the METEOR study
(coefficient of variation for clearance values CL/F
(46%)) [68]. The inter-subject variability (%CV) in
healthy volunteers following a single capsule or tablet
dose ranged from 20 to 59% for AUC values and
from 28 to 72% for Cmax across the studies. The
within-subject variability was estimated to be 39% for
Cmax and 28% for AUC values in the capsule-tablet
bioequivalence study. The inter-subject variability in
cancer patients was 42–43% for Cmax and 34% for
AUC after a single dose, and 37–43% for Cmax and
38–43% for AUC at steady state. Exposure variability
for cabozantinib in cancer patients and healthy volun-
teers appears similar [69]. These data highlight, as has

been shown for other VEGFR-TKI’s, the significant
interindividual variability in the PK of cabozantinib
and the fact that one dose or schedule will not
fit all.

Based on exposure response (ER) model anal-
ysis for the METEOR study, higher cabozantinib
exposures resulting from lower cabozantinib clear-
ance was predicted to increase the dose modification
rate of cabozantinib due to toxicity. While the ER
model analysis demonstrated that reducing cabozan-
tinib exposure with dose reduction was expected to
decrease the risk of fatigue/asthenia, HFS, hyper-
tension, and diarrhea while maintaining a clinical
benefit [68]. Among the 282 patients evaluated in
the METEOR study, exposure response analysis (ER)
evaluated the effect of Cabo exposure at steady state
on PFS and toxicity at various coefficient of variation
for clearance values (CL/F). CL/F values ranged from
0.51 to 7.24 L/hr. Because of variations in CL/F val-
ues, exposure may be similar at different doses. Thus,
the exposure at 40 mg dose for a low CL/F (1.3 L/hr)
is predicted to be similar to a 60 mg dose for a typ-
ical CL/F (2.23 L/Hr). And the exposure of Cabo at
40 mg for a typical CL/F appeared to be comparable
to a 60 mg dose for a high CL/F (3.3 l/hr). Patients
with a high CL/F may have less favorable PFS at a
starting dose of 40 mg vs. the 60 mg dose. Patients
with a low CL/F are predicted to have less toxicity at
the 40 mg dose vs. the 60 mg dose [70]. Dose reduc-
tions due to adverse events were required in 64%
of the cabozantinib treated patients (331 patients in
safety population) in the METEOR study [71]. The
median average dose was 42.8 mg. Treatment discon-
tinuation due to adverse events occurred in 13% of
patients. In a phase-I study in 25 RCC patients the
final dose was 140 mg in 5 patients and 100 mg in 6
patients [72]. Even with patients that required dose
reduction from the 140 mg level, the median average
daily dose was 75.5 mg, which is higher than the cur-
rently recommended starting dose. This suggests that
dose escalation may be necessary to provide maximal
benefit in some patients.

These data for Cabozantinib are analogous to
the data presented above for sunitinib, axitinib and
pazopanib with high inter individual variability in
pharmacokinetics and the impact this can have on
both toxicity and clinical activity. Individualized
dosing based on toxicity may reduce the need for
dose reductions and drug discontinuations. Allow-
ing patients to maintain a higher dose, by giving
them treatments breaks before reducing the dose, may
improve drug exposure and improve outcome for each
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individual patient. This has not been formally tested
for Cabozantinib.

SORAFENIB

This drug has become an orphan in the therapy
of mRCC but the available data are consistent with
what’s been presented above for other VEGFR-TKIs.
Sorafenib can be safely escalated to 600 mg BID and
then 800 mg BID in a subgroup of patients [73–75]. In
43 patients that progresses on 400 mg BID dose, esca-
lation to 600 mg BID was associated with a response
in 41.9% and a median added PFS of 3.6 months
[76]. In a prospective dose escalation trial of treat-
ment naïve mRCC patients [77], the PFS was 7.4
months (95% CI, 6.3–12) for 67 evaluable patients,
with a PFS of 3.7 months (95% CI, 1.8–9.7), 7.4
months (95% CI, 6.3–12), and 8.5 months (95% CI,
5.6–15) for the 400 (25 pts), 600 (12 pts), and 800 mg
BID (20 pts) groups respectively, who received these
doses for the longest period of time. Tumor shrinkage
was similar across the 3 dose groups (72%, 75%, and
85% for the 400, 600, and 800 mg bid, respectively).
While the PFS seemed higher for the dose-escalated
patient, this study had too few patients for this to be
statistically significant.

DISCUSSION

The concept of individualized dosing, that has now
been studied prospectively for sunitinib and axitinib,
challenges the use of a rigid dosing schedules for oral
VEGFR-TKIs. The limited available pill strengths
for oral VEGFR-TKIs and the intent to treat patient
continuously lead to limited dosing options and sig-
nificant dose reductions for toxicity that may reduce
efficacy. Individualizing the number of days on ther-
apy, based on toxicity, before changing the dose
allows more detailed dosing.

Dose reductions and drug discontinuations are
more frequent for oral drugs than intravenous drugs
[78]. Oncologists individualize the dose of intra-
venous cancer therapy on a daily basis but usually
only to reduce the dose due to toxicity. Patient with
minimal toxicity are rarely dose escalated. Intra-
venous therapy allows much more detailed changes
in dosing than is possible with oral VEGFR-TKIs.
Dose individualization based on toxicity is therefore
not a new concept in oncology, but until recently, has
not been used for oral VEGFR-TKIs.

Contrary to the dosing recommendations for suni-
tinib, other VEGFR-TKIs used in mRCC are given
continuously without breaks. Based on the data
presented, a non-continuous toxicity driven individ-
ualized schedule as studied for sunitinib [2] and
axitinib [52] may prove beneficial for patients receiv-
ing pazopanib, cabozantinib and sorafenib.

VEGFR-TKIs are here to stay as therapy for
mRCC both in combination with immunotherapy
[46, 79] and for all patients that are refractory to
immunotherapy [80]. How to best give these drugs
alone or in combination with immunotherapy remains
an important research question. It’s clear from the
data presented that optimal drug exposure based on
toxicity may improve patient outcomes and that one
dose or schedule does not fit all patients.

The data presented for axitininb [56] and
pazopanib [13] in the adjuvant setting show that opti-
mal drug exposure may be just as important for this
group of patients [65]. The negative results published
to date for VEGFR-TKIs given in the adjuvant setting
may be partly due to under dosing. In the ASSURE
trial [81] the starting dose for sunitinib was reduced
to 37.5 mg because of toxicity and discontinuations
and a further dose reduction to 25 mg was allowed.
In the S-Track trial [82], that did show a DFS bene-
fit at one year, all patients started at the 50 mg dose
and dose reductions were only allowed to 37.5 mg.
All of these trials were handicapped by the rigid dos-
ing schedules for the drugs tested that are clearly not
optimal for all patients.

The 2/1 dosing schedule for sunitinib is
commonly used. A population pharmacokinetic/
pharmacodynamic modeling by dosing schedule
based on 10 mRCC and GIST trials predicted that
a 2/1 schedule vs. a 4/2 schedule for sunitinib would
be as efficacious but associated with less toxicity
[83]. European RCC opinion leaders did a critical
review in 2017 of published data on the 2/1 sched-
ule including 3 database studies [29, 84, 85] and one
small prospective trial (total of 749 pts) [86]. Eight
published reports were excluded because of method-
ological issues. They concluded that while the 2/1
schedule improves tolerability compared to the 4/2
schedule it was not possible to draw any conclusions
about efficacy. They suggested patient should initiate
therapy with the 4/2 schedule and only be switched
to the 2/1 if the developed dose limiting toxicity dur-
ing week 3-4 on the 4/2 schedule. A variation on the
theme for the 2/1 schedule was used in a recent study
in 59 patients. Before dose reduction on the 2/1 sched-
ule the same dose was given one week on and 3 days
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off alternating with 1 week on and 4 days off [87]. The
primary endpoint of decreased grade-3 toxicity was
not met but this schedule had a good clinical activity
with a 57% ORR and PFS of 13.7 months.

An ongoing phase-II trial (NCT02689167) is com-
paring three different schedules for sunitinib. Patients
that do not tolerate the 50 mg 4/2 schedule will be ran-
domized to either a dose reduction to 37.5 mg on the
4/2 schedule or to a 50 mg dose on the 2/1 schedule.
Based on the dose/schedule distribution (Table 2) in
the sunitinib individualization study, the 2/1 sched-
ule was optimal in only 31/88 (35.2%) of patients.
Replacing one rigid schedule (4/2) with another (2/1)
would have led to under-dosing in 64.8% of patients
that could have either taken drug for more than 14
days or where dose was reduced rather than taking
drug for less than 14 days. This does not consider the
18% of patients that could be dose escalated.

VEGFR-TKIs will continue to be an important
component of therapy for most mRCC patients. The
data presented above suggest that toxicity driven
changes in dose and schedule are safe and can be
used to manage toxicity and to optimize drug expo-
sure for each individual patient. Individualizing the
number of days on therapy, based on toxicity, with
planned breaks before changing the dose allows more
detailed dosing than continuous dosing. This schedul-
ing method for VEGFR-TKIs may improve outcomes
both in the metastatic and adjuvant setting. Further-
more, this scheduling method should be studied in
combination with immunotherapy where overlapping
toxicity may be challenging.
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