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Materials and methods: In a phase 2 trial, 117 patients with metastatic clear cell renal cell can-
cer were started on sunitinib 50 mg/day with the aim to treat for 28 days. Treatment breaks
were reduced to 7 days. Sunitinib dose and the number of days on therapy were individualised
based on toxicity aiming for < grade II toxicity with dose escalation in patients with minimal
toxicity. The null hypothesis for the primary end-point was a progression-free survival (PFS)
of 8.5 months based on a study with similar eligibility criteria.

Results: The null hypothesis was rejected (p < 0.001) with a median PFS of 12.5 months (95% con-
fidence interval [CI]: 9.6—16.5). The median overall survival was 38.5 months (95% CI: 28.3-not
reached). The objective response rate (46.1%) and stable disease rate (38.5%) translated into a clin-
ical benefit for 84.6% of patients with no decline in quality of life scores during therapy. Fewer
patients were dose reduced (26.5% vs. 50%) or discontinued due to toxicity (7.7 vs. 18—20%)
compared to standard sunitinib dosing, and 20 (18.4%) patients were dose escalated to 62.5 mg
(12) and 75 mg (8) with a wide individual variation in the optimal dose and treatment duration.
Conclusions: : Individualised sunitinib therapy is feasible, safe and an effective method to manage
toxicity with one of the best efficacy seen for oral vascular endothelial growth factor inhibitors in
metastatic renal cell carcinoma.

Clinicaltrials.gov identifier: NCT01499121.

© 2018 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Sunitinib is a first-line therapy for metastatic renal cell
carcinoma (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 and 25 mg on the same schedule. Higher suni-
tinib blood levels are associated with a longer progression-
free survival (PFS), overall survival (OS) and a higher
objective response rate (ORR) [1], and blood levels reach a
steady state after 10—14 days [2]. This is consistent with
our microbubble ultrasound data [3] for patients
responding to sunitinib that suggest most of the benefit
from sunitinib may be achieved well before day 28, that a
shorter duration of therapy may be better than a prema-
ture dose reduction, and that the treatment break should
be shorter to avoid tumour progression [4,5]. We reported
an inferior ORR, PFS and OS in patients experiencing
minimal toxicity on the standard 50 mg 4/2 schedule
compared with patients who developed toxicity and
required dose/schedule modifications [3]. Other studies,
including retrospective analysis of three randomised trials
[6—8], have confirmed this observation [9—13]. It was
hypothesised that the poor outcome in patients who
tolerate the 50-mg standard 4/2 schedule without toxicity
was because of underdosing and that toxicity-driven dose
and schedule changes would optimise drug exposure for
each patient and improve outcomes.

2. Materials and methods
2.1. Patient population
The eligibility criteria for the present study were similar

to the EFFECT trial [7] for which median PFS (8.5
months) on the 4/2 arm was used as the historical control

to power our study. These included age 18 years or older,
untreated locally recurrent or metastatic RCC (clear cell
or with a component of clear cell histology), measurable
disease by Response Evaluation Criteria in Solid Tu-
mours (RECIST) version 1.1, Karnofsky performance
status > 80% and adequate organ function. Exclusion
criteria included brain metastases or spinal cord
compression, significant cardiovascular or pulmonary
events within 6 months and uncontrolled hypertension.

2.2. Study design and treatment

In this multicenter open-label phase 2 trial, patients were
started on sunitinib 50 mg/day with the aim to treat for
28 days. Treatment breaks were reduced from the stan-
dard 14 days to 7 days. Sunitinib dose and the number of
days on therapy were individualised based on toxicity
aiming for < grade II toxicity (oral mucositis, diarrhoea,
hand-foot syndrome, neutropenia,
thrombocytopenia and fatigue) as outlined in Fig. 1 to
establish the optimal dose and schedule for each patient
(optimal dosing). Hypertension responding to antihy-
pertensives was not used to individualise therapy as this
could limit optimal dosing. Other less common toxicities
and biochemical toxicities were managed according to
standard sunitinib guidelines. If grade II toxicity devel-
oped before day 28, drug was held for 7 days (d).
Therapy was then continued on a 50 mg dose with the
number of days on therapy individualised 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 I toxicity after 28 days on therapy were dose
escalated to 62.5 mg and then 75 mg on a schedule of 14
days on/7 days off. Patients were contacted by telephone
weekly and came for clinic visits every 2 weeks until
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Fig. 1. Dose/schedule allocation during the first and subsequent
treatment cycles to establish the optimal dose and schedule
(optimal dosing) for each patient. Dose and schedule changes were
individualised by the treating oncologist based on toxicity aiming
for < grade II toxicity (oral mucositis, diarrhoea, hand-foot syn-
drome, neutropenia, thrombocytopenia and fatigue). Other less
common toxicities and biochemical toxicity were managed ac-
cording to the standard prescribing information for sunitinib.
d = days; DL = dose level; Pts, patients; Rx = treatment. *Or
until toxicity has resolved.

optimal dosing was established. Patients were then con-
tacted by telephone regarding toxicity and had blood
tests before each course of therapy and came for clinic
visits every 2 months. A patient diary was used to
monitor compliance.

2.3. Study end-points and assessment

The primary end-point was PFS. Secondary end-points
included safety, ORR, OS, patient-reported outcomes
and sunitinib pharmacokinetics.

Radiographic response assessment by computed to-
mography was performed every 8 weeks until progres-
sion. Blood sampling was carried out for plasma
sunitinib and its metabolite (SU012662) concentrations
as described in the online supplement. Patient-reported
outcome data were collected at baseline and every 8
weeks using the Functional Assessment of Cancer
Therapy General Scale (FACT-G) [14] and the Kidney
Symptom Index Disease-Related Symptoms question-
naire (FKSI-DRS) [15].

The study was approved by Health Canada and
conducted in accordance with the Guidelines of Good
Clinical Practice. The protocol was approved by local
ethics boards at each institution, and patients signed an
informed consent. An independent data monitoring
committee assessed safety data every 6 months.

2.4. Statistical analysis

Based on the standard dosing arm (4/2) of the EFFECT
trial [7], that had similar eligibility criteria, we assumed a

median PFS of 8.5 months (95% confidence interval [CI]
6.9—11.1) in patients receiving standard sunitinib dosing.
Based on retrospective data [3,10,12], we assumed that
individualised dosing would improve the median PFS to
14 months. Thus, setting the null hypothesis as median
PFS of 8.5 months vs. the alternate hypothesis of a
median PFS of 14 months, with a two-sided
alpha = 0.05, in a single-arm non-parametric survival
test, we would have over 90% power to detect this dif-
ference with 99 patients on study. Accounting for a 10%
loss to follow-up, we aimed to accrue 110 patients. If the
true median PFS of patients treated with individualised
dosing was 12 or 13 months, this trial design with a
sample size of 99 patients would still have over 67% and
81% power, respectively, to detect this difference.

Analyses of ORR, PFS and OS were based on inten-
tion to treat. Safety was analysed for all patients who
received at least one dose of sunitinib. Kaplan—Meier
analysis was used for time to event analysis. Median and
log—log 95% confidence interval was reported. The time
of all follow-up was calculated from the first treatment to
the last follow-up or death. ORR was defined as the
proportion of patients with best response of complete
response (CR) or partial response (PR) according to
RECIST 1.1 criteria. Confirmed responses were those
that persisted on repeat imaging at 8 weeks. ORR and
95% CI were calculated using the exact method and
compared between the International mRCC Database
Consortium (IMDC) groups by Fisher’s exact test.

Safety was assessed by history, physical examination
and blood tests and graded according to the Common
Terminology Criteria for Adverse Events, version 3-0.

Patient-reported outcomes were analysed using
mixed-effects modelling, with the intrapatient correla-
tion accounted for using a compound symmetric corre-
lation structure.

Dose intensity at the optimal dose and schedule was
calculated as the actual daily dose of sunitinib received
during a 6-week period divided by the recommended
50 mg/day dose given on the standard 4/2 schedule as
previously reported [16]. The analysis of plasma sunitinib
and SU012662 is described in the online supplement. The
cutoff date for all analyses was July 24, 2017. Statistical
analyses were performed with SAS, version 9.4. Sample
size calculations were performed with the SWOG statis-
tical tool for one arm non-parametric survival.

3. Results

From July 9 2012 to February 6, 2015, 181 patients were
assessed with 64 deemed ineligible and 117 enrolled in 12
cancer centres (Supplementary Fig. S1). All 117 patients
started therapy, but nine came off study before confir-
matory imaging due to global deterioration (1), clinical
progression (1), non-compliance (2), Guillain-Barré
syndrome (1) and toxicity (grade III-IV liver toxicity [2],
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grade IV thrombosis [1], multiple grade II toxicities [1]). Of
108 patients, where optimal dosing was established, 7 are
still on therapy. The remaining 101 patients came off
therapy due to RECIST progression (84), death unrelated
to sunitinib (1), clinical progression (1), patient wishes/
non-compliance (5), global deterioration (1) physician
decision (2), cholecystitis (2), and toxicity (grade I1I fatigue
[2], congestive heart failure [1], grade III neutropenia [1],
grade II diarrhoea and subsequent colitis [1]).

Patient characteristics (Table 1) are comparable to
the EFFECT trial, but more patients in our study had
Karnofsky performance score > 90 and no patients had
a score of 70.

Table 2 shows the dose and schedule when therapy
was discontinued for the 108 patients where optimal
dosing was established. The median time to optimal
dosing was 4 months (range 1.8—13.2) with some

Table 1
Patient characteristics for 117 patients compared with the EFFECT
study.

Characteristics Present EFFECT P value
study study
N = 117 N = 146
No (%) No (%)

Age (years): median (range) 60 (42—84) 61 (35—84) —

Sex 0.355
Men 87 (74.4) 101 (69.2)

Women 30 (25.6) 45 (30.8)

IMDC risk group 0.324
Favourable 37 (31.6) 37 (25.3)
Intermediate 67 (57.3) 87 (59.6)

Poor 13 (11.1) 22 (15.1)

MSKCC risk group 0.759
Favourable 37 (31.6) 43 (29)
Intermediate 73 (62.4) 91 (62)

Poor 7 (6) 12 (8)

Number of metastatic sites 0.918
1 26 (22.2) 33 (22.6)
>2 91 (77) 112 (76.7)"

2 32 (27.4) —
3 37 (31.6) —
4 17 (14.5) —
5 3(2.6) —
6 2 (1.7) -

Sites of metastases —

Bone 26 (22.2) 34 (23.3)
Liver 28 (23.9) 24 (16.4)
Lung 90 (76.9) 104 (71.2)
Lymph nodes 59 (50.4) -

Local recurrence only 4 (3.4) -
Brain 0 0

Nephrectomy 104 (88.9) 117 (80.1) 0.054

Previous radiation 16 (13.7) 19 (13.0) 0.875

Karnofsky performance score
>90 98 (83.8) 105 (71.9) 0.026
80 19 (16.2) 37 (25.4)

70 0 (0) 427

IMDC = International mRCC Database Consortium. MSKCC =
Memorial Sloan-Kettering Cancer Centre
Full data not available for the EFFECT study.

# Missing data for 1 patient.

Table 2
Dose and schedule distribution for 108 pts on optimised dosing.

Sunitinib ~ Schedule Patients currently

dose (mg) (days on/off) on or came off
therapy on this
dose and schedule

Median dose intensity

75 18/7 1 20 pts (18.5%)

75 14/7 4 dose escalated

75 10/7 1 Median dose

75 717 2 intensity (DI)

62.5 16/7 2 1.5 at 75 mg

62.5 14/7 4 1.3 at 62.5 mg

62.5 12/7 1

62.5 10/7 1

62.5 717 4

50 2817 6 7 pts (6.5%) on

50 28/14 1 for 28 days, DI = 1
50 2517 1 In 50 pts (46.3%)
50 24/7 2 50 mg dose

50 16/7 2 maintained with

50 14/7 22 fewer days on Rx.
50 13/7 1 Would have been
50 12/7 1 dose reduced by

50 917 2 standard criteria
50 717 19 DI = 0.9

37.5 Continuous 4 21 pts (19.4%) dose
37.5 21/7 1 reduced to 37.5 mg
37.5 14/7 5 DI = 0.8

37.5 11/7 2

37.5 9/7 1

37.5 717 8

25 Continuous 2 10 pts (9.3%)

25 14/7 4 reduced to 25 mg
25 717 4 DI = 0.5

Pts, patients.

patients adding days on therapy or dose escalating late
during therapy. In 20 patients (18.5%), dose was esca-
lated to 62.5 mg (12) and 75 mg (8), with a dose in-
tensity of 1.3 and 1.5, respectively. Of the 36 patients
ever escalated to 62.5 mg, 12 dose reduced to 50 mg, 6
stayed on 62.5 mg and 18 escalated to 75 mg. Of the 18
patients ever dose escalated to 75 mg, 8 stayed on
75 mg, 10 went back to 62.5 mg and 4 of these went
back to 50 mg. In 50 patients (46.3%), a 50 mg dose was
continued but for less than 28 days (dose intensity 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 intensity 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 escalation to the next
higher dose level as per protocol due to patient/physi-
cian decision. An extra 7-day treatment break was
allowed on 13 treatment cycles due to patients’ travel
and family events. Supplementary Table S1 shows the
large interindividual differences in optimal dose and
treatment duration vs. ORR. See details on therapy
given after sunitinib was discontinued in online
Supplement.
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3.1. Efficacy

The PFS was calculated from the date of starting suni-
tinib for 117 patients with 85 events (RECIST progres-
sion or death) observed. Others were censored on the
date off-treatment or the last date of the last cycle. The
median time of all follow-up from the first treatment to
the last follow-up or death was 28.8 months (range
2.1-57). The median PFS was 12.5 months (95% CI:
9.6—16.5) (Fig. 2 panel a). There was a statistically sig-
nificant difference (p < 0.001 and p = 0.01) in the median
PFS based on IMDC and Memorial Sloan-Kettering
Cancer Centre (MSKCC) risk groups, respectively;
favourable group 22.0 months (95% CI 17.7—28.7) and
22.8 months (95% CI 19.3—28.7), intermediate group 9.9
months (95% CI 7.8—13.8) and 9.2 months (95% CI
7.4—12.5), poor group 4.8 months (95% CI 1.8—7.5) and
13.8 months (95% CI 5.1 —not reached, only 7 patients),
intermediate and poor groups combined 9.6 months
(95% CI: 7.4—12.5) and 9.2 months (95% CI: 7.4—12.5).
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Fig. 2. (a) Kaplan—Meier estimates of progression-free survival.
(b) Kaplan—Meier estimates of overall survival. N at
risk = number of patients at risk; OS = overall survivals; PFS =
progression-free survival.

The OS was calculated from the start of sunitinib
therapy in 117 patients with 58 deaths observed and
others censored on the last follow-up date (Fig. 2 panel
b). The estimated median OS was 38.5 months (95% CI:
28.3-not reached). There was a difference (p < 0.001) in
median OS based on IMDC and MSKCC risk groups
respectively; favourable group not reached for both,
intermediate group 35.9 months (95% CI 24.2—43.5)
and 31.6 months (95% CI 17.9—43.0), poor group 6.4
months (95% CI 3.2—9.7) and 11.4 months (95% CI
2.5—16.5, only 7 patients), intermediate and poor groups
combined 28.3 months (95% CI: 15.6—38.5) and 28.3
months (95% CI: 16.4—38.5).

For 117 patients who started sunitinib, 3 (2.6%) had a
CR, 51 (43.6%) a PR and 45 (38.5%) stable disease (SD)
for an ORR of 46.1% (95% CI 36.9—55.6) and a clinical
benefit rate of 84.6%. The median duration of ORR and
SD was 12.8 months (range 3.2—44.6) and 7,4 months
(range 2.02—36.3), respectively. Progressing disease
(PD) was the best response in 9 patients (7.7%), and 9
patients (7.7%) were not evaluated. There was a differ-
ence (p = 0.006) in ORR based on IMDC risk groups;
favourable group 56.8% (95% CI 39.5—72.9), interme-
diate group 47.8% (95% CI 35.4—60.3), poor group 7.7%
(95% CI 0.2—36.0). The ORR for the intermediate and
poor groups was 41.3% (95% CI: 30.4—52.8).

Fig. 3 shows waterfall plots for dose vs. ORR and
dose intensity vs. ORR in 108 dose optimised patients.
There was no association (by log-rank test) between
ORR and dose (<50, 50 mg, > 50 mg, p = 0.48), dose
intensity (>0.87 vs < 0.87, p = 0.73) or duration of
therapy (>14, 14 or <14 days, P = 0.1795).

For all 117 patients, there was no association between
PFS and OS and dose given (<50, 50 mg, > 50 mg,
p = 0.11 and 0.25, respectively), duration of therapy
(>14, 14 or <14 days, P = 0.464 and 0.21, respectively)
or dose intensity (>0.87 vs < 0.87, p = 0.10 and 0.2,
respectively).

The results of the pharmacokinetic analyses are
described in the online supplement.

There were no significant changes (supplementary
Fig. S4) during therapy in the mean quality of life
scores for the FACT-G and the FKSI-DRS (p = 0.58
and 0.10, respectively).

3.2. Safety

The dose and schedule for each patient was individu-
alised aiming for grade II toxicity (Fig. 1). Most patients
settled on a dose and schedule that resulted in noticeable
toxicity, between grade I and grade II, that they could
accept long term. Supplementary Table S3 shows the
most common > grade II toxicities that led to dose/
schedule changes in 108 patients on optimised dosing.
Supplementary Table S4 shows the main treatment-
related toxicities in all 117 patients. There were no toxic
deaths.
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Fig. 3. a) Dose vs. response in 108 patients with optimised dose/schedule; =50 = patients on 50 mg dose; <50 = patients on less than
50 mg dose; >50 = patients on more than 50 mg dose. (b) Dose intensity vs. response in 108 patients with optimised dose/schedule;
<87 = patients receiving less than the median dose intensity of 0.87; > 87 = patients receiving more than the median dose intensity of

0.87.

4. Discussion

Individualised sunitinib therapy is feasible and safe in a
multicenter setting and an effective method to manage
toxicity with no decline in quality of life scores during
therapy. The median PFS on the standard 4/2 arm in the
comparator study [7] was 8.5 months (95% CI
6.9—11.1). With 117 patients analysed (99 required), the
null hypothesis of PFS being 8.5 months can be rejected
at the <0.001 significance level with the lower limit of

our CI (9.6 months) > 8.5 months. While no direct
comparison can be made between trials, our efficacy
data compare favourably to contemporary data for
sunitinib, axitinib and pazopanib [7.8,17] and to recent
data for IMDC intermediate and poor risk patients
[18,19] (Supplementary Tables S5 and S6). Dose re-
ductions were required in 31/117 patients (26.5%), and
therapy was discontinued due to toxicity in 9/117 (7.7%).
In previous sunitinib trials, 50% of patients required
dose reduction [6] and 18—20% discontinued due to
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toxicity [6,8]. There was a large interindividual vari-
ability in the optimal dose and schedule for each patient
and no association between ORR, PFS or OS vs. dose
given or vs. dose intensity. One dose, dose intensity or
duration of therapy does not fit all.

The concept of individualised therapy challenges the
use of rigid dosing schedules for oral targeted drugs.
Individualising the number of days on therapy before
changing the dose allows more detailed dosing. A 2
weeks on/1 week off (2/1) schedule has been found to be
active and less toxic than the 4/2 schedule [20,21]. Based
on the dose/schedule distribution (Table 2) in our study,
the 2/1 schedule was optimal in only 31 (35.2%) of 88
patients that were not dose escalated. Replacing one
rigid schedule (4/2) with another (2/1) would have led to
underdosing in 64.8% of patients who 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 take into account the 20 patients (18%)
that could be dose escalated. Intermittent sunitinib
dosing based on response has also been found to be
feasible and active [22].

Our data may have implications for the dosing of
other oral vascular endothelial growth factor (VEGF)
inhibitors given alone or in combination with immu-
notherapy [23]. Oral VEGF inhibitors will be used for
all patients that are not cured by immunotherapy [19].
As for sunitinib [1], there is an association between
higher drug levels and better outcome for pazopanib [24]
and axitinib [25], and higher drug levels may impact the
activity of adjuvant therapy [26]. Patients tolerating
continuous dosing of oral VEGF inhibitors with mini-
mum toxicity may be underdosed both in the metastatic
and adjuvant setting [27,28]. Consistent with our
scheduling method, dose escalation based on toxicity is
the standard of care for axitinib and individualising
axitinib dose and duration based on toxicity with plan-
ned breaks off therapy has been found feasible and
active [29].

This study has several limitations. It is single arm and
with a relatively small sample size. Our study entered
significantly more patients with a better performance
status and numerically more patients with better IMDC
and MSKCC criteria (Table 1). This could impact the
observed results vs. the EFFECT trial. A prospective
randomised trial is required to conclusively establish the
value of individualised therapy. An ongoing phase 11
trial (NCTO02689167) is comparing three different
schedules for sunitinib.

5. Conclusions

Individualised sunitinib therapy is safe and an effective
method to manage toxicity with one of the best efficacy
seen for oral VEGF inhibitors in mRCC. There was no
decline in quality of life scores during therapy. A similar

dosing strategy may improve outcomes and tolerability
for other oral VEGF-targeted drugs.
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