
O R I G I N A L  R E S E A R C H

Efficacy and Safety of Individualized Schedule of 
Sunitinib by Drug Monitoring in Patients with 
Metastatic Renal Cell Carcinoma

Xudong Zhu1,2,* 
Xingming Zhang1,2,* 
Guangxi Sun1,2,* 
Zhenhua Liu 1,2,* 
Haoran Zhang1,2 

Yaojing Yang1,2 

Yuchao Ni1,2 

Jindong Dai1,2 

Sha Zhu1,2 

Junru Chen1,2 

Jinge Zhao 1,2 

Zhipeng Wang1,2 

Hao Zeng1,2 

Pengfei Shen 1,2

1Department of Urology, West China 
Hospital, Sichuan University, Chengdu, 
610041, People’s Republic of China; 
2Institute of Urology, West China 
Hospital, Sichuan University, Chengdu, 
610041, People’s Republic of China  

*These authors contributed equally to 
this work  

Purpose: To investigate the survival benefit and safety of individualized schedules for 
sunitinib in patients with metastatic renal cell carcinoma (mRCC) through plasma concen
tration monitoring.
Methods: A total of 105 patients with mRCC were enrolled. The schedule was adjusted in 
two ways: therapeutic drug monitoring (TDM) and toxicity-adjusted schedule (TAS). One 
group of patients were without any schedule adjustment (maintained schedule, MAS). 
Progression-free survival (PFS), overall survival (OS), tumor response, and adverse events 
(AEs) were compared. The relationship between AEs and steady-state concentration or 
consecutive monitoring curves was explored. Further monitoring of individualized schedules 
was also conducted.
Results: Based on the plasma concentration, the schedules of 18 patients were adjusted in 
the TDM group. The schedules were adjusted in 37 patients due to severe AEs in the TAS 
group, while 50 patients were without any schedule adjustment. The median PFS and OS 
were better in the TDM group than the other two groups (p = 0.001 and p = 0.004, 
respectively). Univariate and multivariate analyses indicated that TDM could decrease the 
risk of death independently (p = 0.026). Moreover, the incidence of grades 3/4 AEs 
decreased from 88.9% to 33.3% in the TDM group (p = 0.001). Sunitinib concentration 
in 150–200ng/mL was regarded as a “transitional zone” due to severe AEs mainly happened 
when concentration elevated over it. After TDM, further plasma concentration monitoring 
indicated that individualized schedules enabled sunitinib concentration to fluctuate in a much 
safer range.
Conclusion: Treatment-related toxicities could be minimized through plasma concentration 
monitoring. Patients with adjusted schedules by therapeutic drug monitoring could achieve 
better survival benefits.
Keywords: sunitinib, plasma concentration, metastatic renal cell carcinoma, individualized 
schedule adjustment, clinical outcomes

Introduction
Sunitinib is an oral multi-targeted inhibitor of tyrosine kinases, including vascular 
endothelial growth factor receptor (VEGFR) and platelet-derived growth factor 
receptor (PDGFR).1 Although immune checkpoint inhibitor-based combination ther
apy has become standard of care for patients with metastatic renal cell carcinoma 
(mRCC), sunitinib is still recommended as the first-line therapy, especially in patients 
with favorable International mRCC Database Consortium (IMDC)/Memorial Sloan 
Kettering Cancer Center (MSKCC) risk.2 However, it showed that up to 38% of 
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patients had drug interruption due to intolerance of the 
recommended dosage schedule (50mg per day, 4 weeks 
on/2 weeks off, 4/2w).1 In Asian patients, higher bioavail
ability led to improved survival; however, severe Adverse 
Events (AEs) were more prevalent resulting in more fre
quent dosing schedule adjustment, interruption, and even 
discontinuation.3–7 To maintain the dosage and intensity of 
sunitinib exposure to further maximize the efficacy of anti
tumor activity, dosage or schedule adjustment of Sunitinib 
for patients with mRCC was in urgent need.

Several clinical studies were conducted to evaluate 
whether adjusted dosage or schedules could balance drug 
tolerance and clinical outcomes. A Phase 2 trial failed to 
show superiority in drug tolerance and survival benefit of 
a continuous schedule with dosing reduced to 37.5mg.8 

Compared with the standard 4/2w schedule, 2 weeks on 
and 1 week off (2/1w schedule) was summarized as non- 
inferior or superior survival benefit according to retrospec
tive and prospective studies from different medical 
centers.9–17 An individualized dosing schedule based on 
the severity of AEs was proved to be feasible and effective 
to manage toxicity and improve clinical outcomes.9,10 In 
other studies, therapeutic drug monitoring (TDM) was 
conducted to establish an individualized dosing schedule 
based on pharmacokinetic variability and this kind of 
pharmacokinetically guided dosing schedule showed 
superiority.10–13

However, in previous studies, the strategies of dosing 
schedule adjustment by TDM mainly focused on dose esca
lation or reduction. To our knowledge, few had modified the 
schedule to achieve an optimal “individualized level”, 
which meant variant on and off days. And medication points 
monitored were less and sparse.12,13 In the present study, 
consecutive monitoring was conducted to investigate the 
relationship between plasma concentration of sunitinib and 
AEs and clinical outcomes prospectively. And then the 
schedule of sunitinib was personally recommended accord
ing to the plasma concentration of sunitinib. Safety profiles 
and clinical outcomes were finally evaluated and retrospec
tively compared between patients with an adjusted schedule 
based on TDM and those with toxicity-adjusted schedule 
(TAS) and maintained schedule (MAS).

Materials and Methods
Study Design and Patients
The medical records of eligible patients treated with suni
tinib as the first-line anticancer therapy to enroll were 

retrospectively reviewed between Apr 2012 and 
Oct 2019 at West China Hospital, Sichuan University. 
Inclusion criteria were 18 years of age or older, adequate 
organ function, pathological evidence of renal cell carci
noma (RCC), no previous systemic therapy for metastatic 
renal-cell carcinoma, measurable disease by Response 
Evaluation Criteria in Solid Tumors (RECIST, version 
1.1),14 and life expectancy of 12 weeks or more. 
Exclusion criteria included: a history of malignancy 
other than RCC within 3 years, renal decompensation 
requiring hemodialysis or peritoneal dialysis, clinically 
relevant cardiac disorders within 12 months, a medical 
history including seizure disorder and uncontrolled hyper
tension (systolic blood pressure ≥160 mmHg or diastolic 
blood pressure ≥100 mmHg despite optimal medical ther
apy). Clinicopathologic data, survival outcomes, and AEs 
were collected. Regular evaluations included physical 
examination, radiologic assessment, and laboratory tests 
to assess AEs and efficacy by physicians every 4–6 
weeks.

Treatment
All patients were administered with 50mg sunitinib at the 
beginning and the initial schedule of 4/2w or 2/1w was 
chosen based on the physician’s experience and the 
patient’s performance status. After the commencement of 
sunitinib, patients receiving TDM got synchronous and 
consecutive blood collection in the first cycle and even 
in the second cycle. Then, individualized schedule was 
established according to their sunitinib plasma concentra
tion curves regardless of AEs happened or not. It was 
defined as the TDM group. For patients started with 4/ 
2w who did not receive TDM, the schedule was adjusted 
to 2/1w if severe AEs and/or worsening intolerance hap
pened. These patients were defined as the TAS group. 
Other patients without any schedule adjustment from 
initial 4/2w or 2/1w were defined as the MAS group.

Therapeutic Drug Monitoring
At first, steady-state blood samples were collected before 
(0h) oral administration on day 14.15 The relationship 
between steady-state concentration (CSS) and severity of 
AEs was explored to figure out the safe plasma concentra
tion range of sunitinib. Then, blood samples of patients 
with a 4/2w schedule were collected at 0h on the first day 
in the first and the second cycles of treatment and 0h on 
day 2, 4, 7, 10, 14, 21, 28, 35 and 42. For patients with a 2/ 
1w schedule, blood samples were collected at 0h of day 1, 
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4, 7, 10, 14, 17, 21 in the first cycle, and 0h on day 28, 35, 
and 42 in the second cycle. Blood samples were centri
fuged at 3000 rpm for 5 minutes and plasma was isolated 
and stored at −20°C until analysis. The plasma concentra
tions of sunitinib and SU12662 were determined by high- 
pressure liquid chromatography/mass spectrometry (LC- 
MS/MS).

The schedule was adjusted individually by the ten
dency of sunitinib plasma concentration curves. The first 
cycle of the individualized schedule was regarded as 
a washout period. In the second cycle, blood samples 
were collected on 0h of day 1 and then every two or 
three days (ie, 0h of days 1, 4, and 7) to determine the 
concentration fluctuation of sunitinib in certain patients.

Outcomes and Assessment
The primary endpoints were progression-free survival 
(PFS) and overall survival (OS). Tumor response and 
AEs were the second endpoints. The treatment efficacy 
was assessed by RECIST 1.1. Toxicity was graded by 
Common Terminology Criteria for Adverse Events 
(CTCAE), version 4.0.16 Severe AEs were defined as 
those of grade ≥3 as classified by the CTCAE.

Statistical Analysis
Data were statistically described and analyzed using 
GraphPad Prism 8.0.1 and SPSS version 22.0 (SPSS Inc., 
Chicago, IL, USA). To evaluate normal distribution, we 
used the one-sample Kolmogorov–Smirnov test. 
Continuous variables such as baseline characteristics 
were compared by Kruskal–Wallis tests. Categorical vari
ables of each group were compared by Chi-squared or 
Fisher's exact test. Kaplan-Meier survival curves were 
plotted and the log-rank test was used to analyze statistical 
significance. Cox’s proportional hazard model was used to 
assess the relative risk. P < 0.05 was considered statisti
cally significant.

Results
Patient Characteristics
Between Apr 1, 2012, and Oct 28, 2019, a total of 105 
patients were reviewed in this study (Table 1). The median 
follow-up time was 37.0 months (range 1.0–122.0 
months). In the overall population, the median age was 
59.0 years old (range 20.0–81.0 years). Over two-thirds of 
the patients were men; most patients (85.7%) were diag
nosed with clear cell type histologically and most patients 

(87.6%) underwent nephrectomy before systemic therapy. 
In the TDM group, although without statistical differences, 
more patients (66.7%) had an intermediate risk of IMDC, 
and fewer patients (5.6%) had a high risk. Over 60% of 
metastatic lesion sites were within a single organ. After 
sunitinib failure, patients in the TDM group (33.3%) had 
more opportunities for sequential therapy than the other 
two groups.

Seventy-three (69.5%) patients were initiated with a 4/ 
2w schedule and 32 (30.5%) patients were initiated with 
a 2/1w schedule (Figure 1). In the beginning, 35 patients 
received CSS determination of sunitinib in their first cycle 
to explore the relationship between the occurrence of AEs 
and CSS. Another 8 patients with an initial 4/2w schedule 
and 10 patients with an initial 2/1w schedule received 
consecutive sunitinib plasma concentration monitoring in 
their first and second cycles. Individualized schedules 
were established according to concentration curves in 
these 18 patients.

Plasma Concentration of Sunitinib (SU 
11248) and Correlation with AEs
Sunitinib (SU11248) plasma concentration on day 14 and 
severity of AEs in 35 patients during the first cycle of 
treatment was shown in Figure 2. Hollow circle meant no 
severe AE happened. A filled cycle meant severe AEs 
happened and the size of circles was proportional to the 
frequency of severe AEs. SU11248 plasma concentration 
varied dramatically from 100.62ng/mL to 357.47ng/mL 
with a median of 241.60ng/mL. In steady-state, the con
centration of 14.3% (5/35) patients was below 150ng/mL 
with only one of them suffered from severe AEs. And 
concentration of 22.9% (8/35) patients were between 
150ng/mL and 200ng/mL, which resulted in three of 
them suffered from more severe AEs. Then, 62.9% (22/ 
35) patients got CSS over 200ng/mL and most of them had 
severe AEs. However, only 8.6% (3/35) of patients toler
ated relatively well with CSS over 200ng/mL.

The SU11248 plasma concentration tendency of 8 
patients initiated with a 4/2w schedule was shown in 
Figure 3A. The peak concentration appeared great dif
ference in different individuals ranging from 136.37ng/ 
mL to 413.73ng/mL. The median CSS was 289.97ng/mL 
(118.66~318.84ng/mL). Approximately on day 4 
and day 7, the median concentration reached a level of 
150ng/mL and 200ng/mL respectively. After day 4, the 
concentration of SU11248 kept high in the plasma until 

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S327029                                                                                                                                                                                                                       

DovePress                                                                                                                       
6835

Dovepress                                                                                                                                                              Zhu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the cessation of drug administration in the first cycle. In 
two off weeks, the median concentration of SU11248 
decreased to 29.32ng/mL (17.17~50.27ng/mL) at end of 
the first week and 9.69ng/mL (5.07~15.88ng/mL) at end 
of the second week.

The tendency of SU11248 plasma concentration of 10 
patients initiated with 2/1w schedule in the first 
and second cycles was shown in Figure 3B. The peak 
concentration ranged from 158.8ng/mL to 303.2ng/mL. 

Similarly, the median concentration reached a level of 
150ng/mL on day 4 and 200ng/mL on day 7. The median 
CSS was 200.42ng/mL (105.56–263.38ng/mL) in the first 
cycle and 187.03ng/mL (119.38–254.41ng/mL) in 
the second cycle. On day 21, the median concentration 
decreased to 26.95ng/mL (13.89~56.42ng/mL). During 
the second cycle of schedule 2/1w, data on day 28,35 
and 42 indicated a similar tendency in SU11248 plasma 
concentration.

Table 1 Baseline Characteristics of Metastatic Renal Cell Carcinoma Patients Treated with Sunitinib Stratified by Schedule Adjustment 
Methods

Characteristics TDM Group (N=18) TAS Group (N=37) MAS Group (N=50) P value

Age 0.780

Median (range) 54.5 (23.0–74.0) 59.0 (20.0–81.0) 59.0 (27.0–77.0)

Gender, No. (%) 0.954

Female 6 (33.3%) 12 (32.4%) 15 (30.0%)

Male 12 (66.6%) 25 (67.6%) 35 (70.0%)

Histological type, No. (%) 0.427
Clear cell 17 (94.4%) 32 (86.5%) 41 (82.0%)

Non-clear cell 1 (5.6%) 5 (13.5%) 9 (18.0%)

Nephrectomy, No. (%) 0.130

Yes 18 (100%) 33 (89.2%) 41 (82.0%)

No 0 (0%) 4 (10.8%) 9 (18.0%)

ECOG, No. (%) 0.495

0–1 14 (77.8%) 28 (75.7%) 33 (66.0%)
≥2 4 (22.2%) 9 (24.3%) 17 (34.0%)

IMDC, No. (%) 0.428
Low risk (0) 5 (27.8%) 7 (18.9%) 12 (24.0%)

Intermediate risk (1–2) 12 (66.7%) 21 (56.8%) 25 (50.0%)

High risk (≥3) 1 (5.6%) 9 (24.3%) 13 (26.0%)

Interval from diagnosis to metastasis, No. (%) 0.103

Metachronous 8 (44.4%) 13 (35.1%) 29 (58.0%)
Synchronous 10 (55.6%) 24 (64.9%) 21 (42.0%)

Metastatic site, No. (%)
Lung 10 (55.6%) 22 (59.5%) 31 (62.0%) 0.889

Bone 3 (16.7%) 11 (29.7%) 14 (28.0%) 0.565

Liver 1 (5.6%) 0 (0%) 7 (14.0%) 0.049
Brain 1 (5.6%) 2 (5.4%) 1 (2.0%) 0.653

Lymph node 2 (11.1%) 2 (5.4%) 7 (14.0%) 0.431

Other 5 (27.8%) 12 (32.4%) 19 (38.0%) 0.704

Metastatic organs, No. (%) 0.331

Single 13 (72.2%) 24 (64.9%) 27 (54.0%)
Multiple(≥2 sites) 5 (27.8%) 13 (35.1%) 23 (46.0%)

Sequential therapies after sunitinib failure, No. (%) 0.283
Without 12 (66.7%) 30 (81.1%) 42 (84.0%)

With 6 (33.3%) 7 (18.9%) 8 (16.0%)
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In Table 2, 37.5% (6/16) patients got severe AEs when 
plasma concentration was in 150~200ng/mL. And severe 
AEs occurred when plasma concentration elevated over 
200ng/mL in 62.5% (10/16) patients. None of these 
patients suffered from intolerable AEs when plasma con
centration was below 150ng/mL. According to the rela
tionship between the plasma concentration and the 

occurrence of severe AEs, we thought the optimal concen
tration of sunitinib in our cohort was 150~200ng/mL.

Schedule Adjustment
Since CSS from 35 patients indicated that the frequency of 
severe AEs increased when SU11248 plasma concentra
tion reached over 200ng/mL, individualized schedules 

Figure 1 The different therapy schedules of mRCC patients in different groups.

Figure 2 The plasma concentration of Sunitinib (SU11248) on day 14 and the severity of AEs during the first cycle of treatment.
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were established according to this threshold. However, 
a highly different tolerance between individuals should 
be considered and the range of 150–200ng/mL should be 
taken into account rather than a level of 200ng/mL. Thus, 
based on curves, drug administration was paused when 
concentration reached 200ng/mL in patients with better 
tolerance and 150ng/mL with worse tolerance. Four 
patients initiated with a 4/2w schedule adjusted their sche
dules to 2/1w and 4 patients to individualized schedules (7 
days on and 3 days off, 7/3d; 5 days on and 2 days off, 5/ 
2d). In the TDM group, all 10 patients with an initial 2/1w 
schedule crossed to individualized schedules such as 10 
days on and 5 days off (10/5d), 7/3d, and 5/2d (Table 3).

For non-TDM patients,37 of them with initial 4/2w 
schedule crossed to 2/1w schedule due to severe AEs. 
Throughout this study, only 28 patients were continued 
with a 4/2w schedule and 22 patients were continued 
with a 2/1w schedule.

Tumor Response and Survival Outcomes
The tumor responses within the three groups were compared 
in Table 4. Complete response (CR) was achieved in 3 
patients, one in the TDM group and 2 in the TAS group. 
A total of 27 patients achieved partial response (PR); 6 
patients were in the TDM group, 9 in the TAS 
group, and 12 in the MAS group. Twenty-three patients 
showed progression of the disease (PD) in all cohorts, but 
no patient showed PD in the TDM group. PD was signifi
cantly different among the three groups (p=0.043), while no 
statistical differences were observed in CR, PR, and SD. The 
objective response rate (ORR) reached 38.9% (7/18) in the 

TDM group, which was higher than that in the TAS (29.7%) 
and MAS (24.0%) group. The disease control rate (DCR) of 
the TDM group reached an amazing 100%. In the TAS and 
the MAS group, the DCR reached 75.7% and 72.0%, 
respectively.

At the time of the last follow-up, 89.5% (94/105) of 
patients had disease progression or death with a median 
PFS of 12.0 months. And 65.7% (69/105) patients had 
died before Oct 28, 2019, with a median OS of 31.0 months 
in the whole cohort. In the TDM group, the median PFS was 
much longer than that in the TAS and the MAS groups (23.0 
vs 15.0 vs.10.0 months, respectively; p=0.002) (Figure 4A). 
Similarly, patients in the TDM group had longer median OS 
compared with the other two groups (Not reached vs 37.0 vs 
21.5 months, p=0.005) (Figure 4B).

Potential risk factors for PFS and OS in mRCC patients 
treated with sunitinib were further explored and listed in 
Table 5. In univariate analysis, Eastern Cooperative 
Oncology Group (ECOG) � 2, IMDC � 3, and upfront 
nephrectomy were related to PFS. Further multivariate ana
lysis indicated that ECOG≥2 and upfront nephrectomy were 
independent prognostic factors for PFS. TDM seemed to 
decrease the risk of disease progression without statistical 
significance (hazard ratio [HR] 0.60,95% confidence interval 
[CI] 0.32–1.09, p=0.094). As for OS, the univariate analysis 
suggested that ECOG � 2, IMDC≥3, upfront nephrectomy, 
and TDM were associated with OS statistically. Further 
multivariate analysis showed that ECOG � 2 was an inde
pendent factor predicting a poor prognosis (HR 3.42, 95% CI 
1.92–6.09, p=0.001) and upfront nephrectomy could predict 
a favorable prognosis independently (HR 0.46, 95% CI 0.23– 

Figure 3 The plasma concentration tendency of Sunitinib (SU11248) at initial therapy. (A) The tendency of SU11248 plasma concentration of patients with an initiated 4/2w 
schedule; (B) the tendency of SU11248 plasma concentration of patients with an initiated 2/1w schedule.
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0.90, p=0.024). Remarkably, TDM strongly predicted 
a favorable prognosis independently (HR 0.31, 95% CI 
0.11–0.87, p=0.026).

Safety
All the AEs were summarized in Table 6. Overall, the 
incidence of all grades AEs was 96.2%; the incidence of 
severe AEs was 66.7%. In the pre-switch period, the 
incidence of severe AEs was up to 88.9% in the TDM 
group, while they were 73.0% and 54.0% in the TAS 
group and the MAS group respectively. After the sche
dule was adjusted by TDM or toxicity, the incidence of 
severe AEs decreased from 88.9% to 33.3% and 73.0% 
to 37.8%, respectively. And the differences between the 
two periods were statistically significant both in the 
TDM and the TAS group (p=0.001 and p=0.002).

Particularly, the incidences of diarrhea of all grades 
and grades 3/4 were as high as 72.2% and 38.9% in the 
TDM group before schedule adjustment. After schedule 
adjustment, the incidences of all grades and grade 3/4 
diarrhea dramatically decreased to 27.8% and 5.6% with 
statistical significance (p=0.016). Though without statisti
cal significance (p=0.054), the hand-foot syndrome also 
relieved a lot. The incidence of all grades hand-foot syn
drome decreased from 83.3% to 33.3% and from 38.9% to 
11.1% of grade 3/4. Except for impressive liver dysfunc
tion recovery (61.1% to 11.1%), the toxicity relief of 
laboratory tests was comparable between the TDM and 
the TAS group. Compared with the TAS group, most 
patients receiving TDM experienced less and lighter 
laboratory AEs both in pre-switch and post-switch periods.

Details of AEs relief of each patient in the TDM group 
were listed in Table 3. In the individualized schedules, AEs 
were relieved largely in nearly all of them. Severe AEs dis
appeared in 62.5% (10/16) patients after the 2/1w schedule or 
schedules with shorter on and off days established. The fre
quency of grade 1–2 AEs also decreased in most patients.

Further Monitoring
Four patients received further sunitinib plasma concentra
tion monitoring in the individualized schedules. 

Table 2 Correlation Between Onset of Severe AEs and SU11248 
Plasma Concentration

Initial Schedule 
with Severe AEs 
Occurred

Severe AEs 
Occurred at Level 
of 150~200ng/mL

Severe AEs 
Occurred at Level 
Above 200ng/mL

4/2w (n=7) 3 4
2/1w (n=9) 3 6

Table 3 Schedule Adjustment and AEs Relief in the TDM Group

Patient 
No.

Pre-Switch Schedule Post-Switch Schedule

Schedule Number of G3-4 
AEs

Number of G1-2 
AEs

Schedule Number of G3-4 
AEs

Number of G1-2 
AEs

01 4/2w 2 5 2/1w 0 5
02 4/2w 2 4 2/1w 1 2

03 4/2w 2 3 5/2d 0 4

04 4/2w 2 8 2/1w 2 2
05 4/2w 3 2 5/2d 2 5

06 4/2w 0 1 2/1w 0 1
07 4/2w 1 3 7/3d 0 3

08 4/2w 2 10 7/3d 0 7

09 2/1w 1 5 7/3d 0 5
10 2/1w 1 7 10/5d 0 3

11 2/1w 0 3 10/5d 0 2

12 2/1w 2 10 10/5d 1 7
13 2/1w 1 5 10/5d 0 4

14 2/1w 1 4 5/2d 0 3

15 2/1w 1 3 7/3d 0 3
16 2/1w 1 9 7/3d 0 5

17 2/1w 2 5 7/3d 1 4

18 2/1w 2 2 5/2d 1 1

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S327029                                                                                                                                                                                                                       

DovePress                                                                                                                       
6839

Dovepress                                                                                                                                                              Zhu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Comparison of concentration curves of one patient (patient 
07) from 4/2w to 7/3d was shown in Figure 5A. In the 4/ 
2w curve, the plasma concentration of sunitinib was kept 
above the level of 200ng/mL over 3 weeks and below the 
level of 50ng/mL last week. The peak concentration of 7/ 
3d was below the level of 200ng/mL and trough concen
tration was kept above the level of 50ng/mL. Three initial 
2/1w patients received further monitoring. Patient 12 
adjusted the schedule from 2/1w to 10/5d and curves of 
the two schedules were compared in Figure 5B. The con
centration in schedule 10/5d was kept between 50ng/mL 
and 150ng/mL in the whole cycle of 15 days. Of patients 
16 (2/1w-7/3d) and 14 (2/1w-5/2d), individualized sche
dules also enabled sunitinib plasma concentration to keep 
between 50ng/mL and 150ng/mL during the whole cycle 
of treatment (Figure 5C and D).

Discussion
In our previous study, patients with a 4/2w-2/1w switch 
schedule seemed to achieve the best survival benefits and 

experienced an improved safety profile among three 
groups of patients.17 It demonstrated that adjusting the 
schedule based on severe toxicities could help to improve 
clinical outcomes and quality of life (QoL). However, 
nearly 40% of patients with 4/2w-2/1w would still suffer 
from severe AEs after adjustment, which indicated rigid 
drug administration could not be fit for all patients. To 
further reduce intolerance of sunitinib, some studies even 
tried individualized schedules according to the severity of 
AEs, such as 1w on/1w off,9 while these clinical practices 
lacked scientific and objective surrogate markers. In the 
present study, TDM was utilized as a superior method to 
optimize the drug administration schedule. The real-time 
sunitinib plasma concentration curves could facilitate phy
sicians to set the optimal individual schedules for each 
patient with variant on and off days.

According to pharmacokinetic research, AUC, and 
peak sunitinib plasma concentration in Asian patients 
were predicted to increase by 15% for both sunitinib 
and total drug (SU11248+SU12662) compared to other 

Figure 4 The survival outcomes in different groups. (A) The median PFS and their differences among the three groups; (B) the median OS and their differences among the 
three groups.

Table 4 The Best Therapeutic Tumor Response Among Three Groups

Group Tumor Response (%) ORR# (%) DCR# (%)

CR PR SD PD

TDM 1 (5.6) 6 (33.3) 11 (61.1) 0 (0) 7 (38.9) 18 (100)

TAS 2 (5.4) 9 (24.3) 17 (45.9) 9 (24.3) 11 (29.7) 28 (75.7)
MAS 0 (0) 12 (24.0) 24 (48.0) 14 (28.0) 12 (24.0) 36 (72.0)

Total 3 (2.9) 27 (25.7) 52 (49.5) 23 (21.9) 30 (28.6) 82 (78.1)

Note: #p value >0.05. 
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progression of disease; ORR, objective response rate; DCR, disease control rate.
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ethnicities.7 Higher bioavailability indicated higher AEs 
incidence and better survival benefits simultaneously. 
That meant Asian patients could benefit from a shorter 
drug administration period. Preclinical research of phar
macokinetic analysis showed that tumor growth could be 
inhibited effectively only when total drug concentration 
reached above 50ng/mL.18 In the present study, the aver
age sunitinib plasma concentration was obviously beyond 
100ng/mL and the concentration of SU11248 was much 
higher than that of SU12662, which meant plasma con
centration was mainly affected by SU11248. Since 
Khosravan et al reported that SU12662 data did not 
improve the predictive effectiveness and was associated 
with longer run times,19 we explored the relationship 
between clinical outcomes and SU11248 merely.

As for CSS of sunitinib, another parallel research of 
Japanese patients showed total drug concentration ranged 
from 38.3~196.9ng/mL.12 Data in the present study was 
much higher than this figure and concentration in another 
study.20 When CSS reached over 150ng/mL, severe AEs 
occurred in Chinese patients subsequently. So, we 
assumed a higher concentration “safe window” in 
Chinese patients. A level of 150~200ng/mL could be 
regarded as a “transitional zone” on which clinical deci
sion-making of schedule adjustment was based. Drug 
administration of sunitinib should be paused once con
centration reached this range on a certain day in the 
cycle of treatment. Our results indicated that the ratio 
between whether suffer from severe AEs or not when 
CSS was between 150ng/mL and 200ng/mL was nearly 
half to half. The occurrence of severe AEs could be 

a crucial factor when considering 150ng/mL or 200ng/ 
mL as the threshold. According to our data, the time 
when sunitinib concentration reached 150~200ng/mL 
varied a lot in different individuals but rather soon 
(within one week in 10 of 18 patients). As a result, the 
previous clinical practice such as 4/2w-2/1w did not fit 
these patients. Variant schedules were considered such as 
10/5d, 7/3d, and 5/2d. Further monitoring of individua
lized schedules in four patients manifested ideal suniti
nib plasma concentration fluctuation.

A recent phase 2 clinical trial of efficacy and safety of 
sunitinib given on an individualized schedule as first-line 
therapy for mRCC patients revealed that individualized 
sunitinib therapy was a feasible, safe, and effective method 
to manage toxicity.9 However, severe AEs happened and 
impacted QoL indeed before feasible schedule adjustment 
could be conducted. Thus, one of the advantages of TDM 
was to avoid severe AEs in the first cycle of treatment. 
Dose reduction or drug interruption was less likely to 
occur in TDM patients. In correlation between the onset 
of severe AEs and sunitinib plasma concentration reaching 
the range of 150~200ng/mL, inconsistency was seen in 
62.5% (10/16) patients. No severe AEs occurred when 
the concentration was below 150ng/mL. It demonstrated 
that severe AEs might “lag” in comparison with plasma 
concentration increase. To this aspect, active and synchro
nous TDM rather than waiting for severe AEs onset would 
be superior. However, large-scale and routine TDM is 
inconvenient so far due to poor compliance resulted from 
intensive blood collection and limited devices for testing. 
Simplification of TDM and fewer medication points in 

Table 5 Univariate and Multivariate Analyses for PFS and OS

Factors PFS OS

Univariate Multivariate Univariate Multivariate

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age >50 0.72 (0.46–1.13) 0.150 – – 1.21 (0.69–2.14) 0.505 – –

Male 0.99 (0.64–1.55) 0.990 – – 1.14 (0.67–1.94) 0.628 – –

ECOG � 2 2.91 (1.84–4.59) 0.001 2.72 (1.62–4.57) 0.001 3.52 (2.11–5.88) 0.001 3.42 (1.92–6.09) 0.001
IMDC � 3 2.07 (1.29–3.33) 0.003 1.06 (0.60–1.87) 0.830 2.38 (1.40–4.04) 0.001 1.09 (0.59–1.99) 0.787

Clear cell 0.814 (0.45–1.47) 0.495 – – 0.56 (0.30–1.05) 0.070 – –

Metachronous 0.717 (0.47–1.09) 0.118 – – 0.71 (0.44–1.17) 0.178 – –
Lung and LN 0.87 (0.55–1.37) 0.540 0.81 (0.52–1.27) 0.351 0.67 (0.40–1.12) 0.126 – –

� 2 sites 1.32 (0.86–2.02) 0.201 – – 1.33 (0.81–2.16) 0.256 – –

Nephrectomy 0.48 (0.26–0.89) 0.021 0.53 (0.28–0.99) 0.048 0.42 (0.21–0.84) 0.014 0.46 (0.23–0.90) 0.024
TDM 0.56 (0.31–1.01) 0.056 0.60 (0.32–1.09) 0.094 0.28 (0.10–0.78) 0.015 0.31 (0.11–0.87) 0.026

Abbreviations: IMDC, International Metastatic renal cell carcinoma Database Consortium; LN, Lymph Node; ECOG, Eastern Cooperative Oncology Group.
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blood collection to achieve the same predictive effective
ness should be considered.

Our research was the first time to explore consecutive 
sunitinib plasma concentrations in Chinese mRCC patients 
in the real world and compare these three different sche
dule adjustment methods with long-term outcomes. 
Although we had a small sample size, we demonstrated 
that TDM could bring patients better QoL and a superior 
prognosis. By further monitoring of individualized sche
dules, powerful proof of advantages in adjusting schedules 
through plasma concentration monitoring was given. 
Although different alternative dosing schedules for 

sunitinib have been investigated in clinical practice cur
rently, TDM remains competitive. We attempted to find 
out potential factors that may guide a suitable sunitinib 
dosing schedule modification in clinical practice. Besides, 
patients in our study had relatively poor ECOG status and 
the ratio of poor IMDC risk was relatively high.

Limitations of this study do exist. The first was 
a retrospective study design itself. Unavoidable biases 
occurred when patients were selected for the TDM or 
TAS or MAS group. Larger and prospective research is 
needed to provide stronger evidence. Second, consecutive 
blood collection every three or four days seemed to be 

Figure 5 Further sunitinib plasma concentration monitoring in the individualized schedules. (A) The comparison of concentration curves of patient 07 adjusted from 4/2w 
to 7/3d; (B) the comparison of concentration curves of patient 12 adjusted the schedule from 2/1w to 10/5d; (C) the comparison of concentration curves of patient 16 
adjusted the schedule from 2/1w to 7/3d; (D) the comparison of concentration curves of patient 14 adjusted the schedule from 2/1w to 5/2d.
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annoying for some patients receiving TDM, especially 
those who lived far away from the hospital. Compliance 
of patients may decline. Third, limited medical records and 
recall or reporting from physicians and patients in the 
collection and evaluation of AEs also caused biases.

Overall, TDM in consecutive medication points 
improved safety profile and clinical outcomes significantly 
in Chinese patients with mRCC. The time when sunitinib 
plasma concentration reaches a level of 150~200ng/mL is 
considered as a critical factor in the clinical decision- 
making of an individualized schedule. Further prospective 
studies are required to verify the current conclusion. Our 
study provides a piece of evidence that consecutive TDM 
is a promising attempt in routine clinical practice and 
patients who are administered with sunitinib will be able 
to benefit from this method.
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