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Abstract

Purpose The blood concentrations of some tyrosine kinase inhibitors are known to decrease with long-term administration.
We evaluated the variability in the serum concentrations of sunitinib and its metabolites in patients receiving long-term
sunitinib treatment.

Methods This study prospectively recruited patients who received sunitinib for metastatic renal cell carcinoma at the Showa
University Hospital between March 2020 and January 2022. Bivariate correlations between the serum concentration/dose
(C/D) ratios of sunitinib and its metabolites (i.e., N-desethyl sunitinib and sunitinib N-oxide) and treatment duration were
evaluated using Pearson’s correlation coefficient.

Results Seven patients were enrolled, and 79 blood samples were collected. Among six patients who received sunitinib for
> 1 year, three showed a decreasing trend in the C/D ratio of sunitinib (Ptl: r = -0.608, p=0.047; Pt2: r = -0.555, p=0.077;
Pt6: r = -0.590, p=0.073). In these patients, the median annual decrease in the C/D ratio of sunitinib was 55.8% (26.5—
63.2%). Additionally, two of the three patients also showed a decrease in the C/D ratio of N-desethyl sunitinib. The ratio of
N-desethyl sunitinib/sunitinib concentration at baseline and the end of follow-up was similar between the C/D-decreased and
C/D-non-decreased groups.

Conclusion This study showed that the C/D ratio of sunitinib decreased by half over time in half of the patients who received
long-term sunitinib treatment despite continuing the same dose. Therefore, serum concentrations of sunitinib and its metabo-
lites should be monitored periodically in patients receiving long-term treatment to prevent decrease in serum sunitinib
concentrations.
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Introduction

Sunitinib, a multi-targeted tyrosine kinase inhibitor (multi-
TKI), has been used as first-line treatment for all risk groups
of metastatic renal cell carcinoma (mRCC) and has shown
high efficacy [1-3]. In contrast, owing to the high incidence
of serious adverse events, such as hand-foot skin reaction
and thrombocytopenia [4], dose adjustments are required
for each patient.

Sunitinib is primarily metabolized by CYP3A4 to the
active metabolite N-desethyl sunitinib, and some is metabo-
lized to sunitinib N-oxide [5, 6]. Recent studies have sug-
gested that controlling the serum concentrations of sunitinib
and its active metabolite (N-desethyl sunitinib) is important
[7-9]. Additionally, there is large interpatient variability
in the pharmacokinetics of sunitinib [10-12]. Therefore,
therapeutic drug monitoring (TDM) is considered a useful
approach for sunitinib treatment, and sunitinib administra-
tion design based on TDM is widely recommended in clini-
cal practice [13, 14].

A previous study showed that the area under the plasma
concentration-time curve (AUC) of sunitinib tended to
decrease with disease progression compared with the early
stages of treatment, although the difference was not sta-
tistically significant [15]. Additionally, long-term expo-
sure (>12 months) to imatinib, another multi-TKI, has
been reported to increase clearance and decrease the AUC
[16]. Similarly, in patients receiving long-term sorafenib,
another multi-TKI, AUC and drug concentrations have
been reported to decrease over time, even when sorafenib
was continued at the same dose [17, 18]. Thus, long-term
administration of TKIs may result in substantial variations
in blood drug concentrations compared with that at initial
drug administration.

In this study, we evaluated the variability in the serum
concentrations of sunitinib and its metabolites in patients
receiving long-term sunitinib treatment to investigate the
need for periodic TDM and dose adjustments based on
serum concentration. Furthermore, we discussed the fac-
tors that influence the variability in serum concentrations of
sunitinib and its metabolites.

Materials and methods
Patients and treatment
This study prospectively recruited from patients receiv-

ing sunitinib for mRCC at the Showa University Hospital
between March 2020 and January 2022. The eligibility
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criteria were patients aged > 20 years with an Eastern Coop-
erative Oncology Group Performance Status (ECOG PS) of
<2.

All patients were diagnosed with mRCC based on pathol-
ogy, ultrasonography, computed tomography, and magnetic
resonance imaging. The initial dose of sunitinib was indi-
vidually determined by each attending physician based on
the patient’s age, body mass index, and ECOG PS. Patients
were treated for mRCC according to the regimen approved
at our institution, with 2 weeks on and 1 week off. Addition-
ally, the decision to reduce the dose or discontinue treatment
was made by a physician based on adverse events or disease
progression.

This study was conducted with the approval of the Eth-
ics Committee of Showa University (approval number: 299)
and the Ethics Committee of Gunma University Hospital
(approval number: HS2021-131). All participants provided
written informed consent before enrolment.

Blood sample collection

Blood samples (5 mL) were collected at each outpatient
visit until treatment was discontinued. Outpatient visits
were conducted between 7 and 14 days after the start of each
sunitinib treatment cycle. Blood samples were collected
24 h after sunitinib administration or immediately before the
next administration. All samples were centrifuged at 1,500
xg and 4 °C for 10 min and stored at -25 °C until analysis.

Measurement of serum concentrations of sunitinib
and its metabolites

By analyzing fluctuations in the concentrations of as many
metabolites as possible within the body, it becomes possible
to gain a detailed understanding of variations in the meta-
bolic pathways of a drug in vivo. Therefore, in this study, in
addition to sunitinib and N-desethyl sunitinib, we analyzed
sunitinib N-oxide, which has been identified as a metabo-
lite present in serum. The serum concentrations of sunitinib,
N-desethyl sunitinib, and sunitinib N-oxide were measured
using liquid chromatography—tandem mass spectrometry, as
previously reported [19]. The lower limits of quantitation
for sunitinib, N-desethyl sunitinib, and sunitinib N-oxide
were 2.5, 2.5, and 0.1 ng/mL, respectively.

Statistical analysis

Bivariate correlations between the serum concentration/
dose (C/D) ratios of sunitinib and its metabolites and treat-
ment duration were evaluated using Pearson’s correlation
coefficient. Statistical analyses were performed using the



Cancer Chemotherapy and Pharmacology (2025) 95:14

Page3of 10 14

SPSS software version 27 (IBM, Tokyo, Japan). P<0.05
was considered statistically significant.

Results
Patients

Seven patients were enrolled, and 79 blood samples were
collected. Two patients were enrolled within 1 year of start-
ing sunitinib treatment, and five patients were enrolled more
than 1 year after starting sunitinib treatment. The overall
characteristics of the study population and individual patient
characteristics are shown in Table 1 and Supplementary
Table 1, respectively. None of the patients received cytokine
therapy or targeted therapy before sunitinib treatment, and
all patients had clear cell histology. The median duration of
sunitinib treatment was 44.6 months (8.8—67.1 months), and
the median follow-up period of serum concentration mea-
surements was 18.6 months (1.7-25.3 months).

Table 1 Patient characteristics

Variations in serum concentrations of sunitinib and
its metabolites

The changes in the C/D ratios of sunitinib and its metabo-
lites are shown in Fig. 1. The serum concentrations of suni-
tinib and its metabolites by time after initiation of sunitinib
treatment in individual patients are shown in Table 2. The
serum concentrations and C/D ratios of sunitinib and its
metabolites in individual patients are shown in Supplemen-
tary Table 2. Among six patients who received sunitinib for
> 1 year, two showed a decreasing trend in the C/D ratio
of sunitinib plus N-desethyl sunitinib (Fig. 1-a). One of the
two patients showed a significant decrease in the C/D ratio
of sunitinib plus N-desethyl sunitinib with increasing treat-
ment duration (Ptl: » = -0.591, p=0.056; Pt2: r = -0.645,
p=0.032). Among six patients who received sunitinib for
> 1 year, three showed a decreasing trend in the C/D ratio of
sunitinib (Fig. 1-b). One of the three patients showed a sig-
nificant decrease in the C/D ratio of sunitinib with increas-
ing treatment duration (Ptl: » = -0.608, p=0.047; Pt2: r =
-0.555, p=0.077; Pt6: r = -0.590, p=0.073). In patients
who showed a decreasing trend in the C/D ratio of sunitinib,
the median annual decrease ratio was 55.8% (26.5-63.2%).
Two of the three patients also showed a decrease in the C/D
ratio of N-desethyl sunitinib (Ptl: » = -0.282, p=0.401;

Characteristics (n=7) N % Characteristics N %
Age MSKCC risk group

Median (range), years 69 (53-78) Favorable 4 57.1
Sex intermediate 3 429

Male 6 85.7 poor 0 0
ECOG-PS Previous Treatment

0 4 57.1 No 7 100

1 2 28.6 Initial dose

2 1 14.3 50 mg 3 429
Body weight 37.5mg 3 429

Median (range), kg 59.7 (46.0-103) 25 mg 1 14.2
Body surface area Maintenance dose

Median (range), m? 1.7 (1.4-2.2) 50 mg 1 14.3
AST 37.5 mg 1 14.3

Median (range), U/L 21.0 (15.041.0) 25 mg 5 71.4
ALT Treatment schedule

Median (range), U/L 16.0 (7.0-41.0) 2-week on / 1-week off 7 100
sCr Concomitant medications

Median (range), mg/dL 0.9 (0.8-1.9) PPI 3 429
eGFR H2RA 0 0

Median (range), mL/min/1.73m> 49.1 (28.2-71.5) Antacid 2 28.6
Histology type CYP3A4 inhibitor 0 0

Clear cell 7 100 CYP3A4 inducer 0 0
Prior nephrectomy

Yes 6 85.7

ECOG PS Eastern Cooperative Oncology Group Performance Status, 4ST aspartate aminotransferase, ALT alanine aminotransferase, sCr
serum creatinine, eGFR estimated glomerular filtration rate, MSKCC Memorial Sloan Kettering Cancer Center, PP/ proton pump inhibitor,

H2R A histamine-2 receptor antagonist, CYP344 cytochrome P450 3A4
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Fig. 1 Changes in serum concentration/dose
ratios of (a) sunitinib plus N-desethyl sunitinib,
(b) sunitinib, (¢) N-desethyl sunitinib, and (d)
sunitinib N-oxide in patients receiving long-term
sunitinib treatment (» =7 patients and 79 sam-
ples). C/D serum concentration/dose. *Correla-
tion coefficients are listed with P-values <0.1
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Pt2: r =-0.500, p=0.117, Fig. 1-c). All three patients also
showed a significant decrease in the C/D ratio of suni-
tinib N-oxide with increasing treatment duration (Ptl: r =
-0.756, p=0.007; Pt2: r =-0.838, p=0.001; Pt6: r =-0.752,

p=0.012, Fig. 1-d).

Table 3 Relationship between
sunitinib serum concentra-
tion/dose ratio and patients’
characteristics

C/D serum concentration/dose,
ECOG PS Eastern Coopera-
tive Oncology Group Perfor-
mance Status, 45T aspartate
aminotransferase, ALT alanine
aminotransferase, sCr serum
creatinine, eGFR estimated
glomerular filtration rate, Hb
Hemoglobin, A/b Albumin, CV
Coefficient of Variation, PP/
proton pump inhibitor

@ Springer

Relationship between the patient characteristics
and C/D ratio of sunitinib

The relationship between the patient characteristics and C/D
ratio of sunitinib is shown in Table 3. The CV (%) of albu-
min (Alb) levels in individual patients are shown in Supple-
mentary Table 3. The rate of weight loss and decrease in Alb
levels were similar between the C/D-decreased and C/D-
non-decreased groups. The ratio of N-desethyl sunitinib/

Sunitinib C/D ratio

Decreased group

Non-decreased group

Total patient, n
Age (years)
Male/female, n
ECOG PS (0/1/2/3), n
Baseline, median (min—max)
Body weight (kg)
Body surface area (m?)
Body mass index
Weight loss (%), median (min—max)
Baseline, median (min—max)
AST (U/L)
ALT (U/L)
sCr (mg/dL)
¢GFR (mL/min/1.73m?)
Hb (g/dL)
Alb (g/dL)
Alb loss (%), median (min—max)
CV (%) of Alb, median (min—-max)
eGFR loss (%), median (min—max)
CV (%) of eGFR, median (min—max)
Maintenance dose, n
50 mg/day
37.5 mg/day
25 mg/day
Baseline, median (min—max)
N-desethyl sunitinib/sunitinib
Sunitinib N-oxide/sunitinib
After follow-up, median (min—max)
N-desethyl sunitinib/sunitinib
Sunitinib N-oxide/sunitinib
Concomitant medications, n
PPI
Antacid
Adverse events, n
Anorexia
Grade 0
Grade 1
Grade 2
Grade 3
Diarrhea
Grade 0
Grade 1

3
55 (53-69)
2/1

2/0/1/0

86.6 (59.7-103)
2.04 (1.59-2.16)
27.5 (24.5-34.6)
0(0-3.3)

22.0 (15.0-28.0)
18.0 (13.0-40.0)
0.94 (0.91-1.61)
49.1 (34.2-67.7)
11.5 (11.5-13.6)
4.4 (3.8-4.5)
11.1 (2.3-18.4)
43 (2.9-7.5)
0.6 (-1.8-47.4)
6.0 (5.9-23.6)

0.28 (0.23-0.46)
0.013 (0.010-0.021)

0.29 (0.26-0.63)
0.004 (0.004-0.009)

—_— O =

4
73 (69-78)
4/0

2/2/0/0

52.6 (46.0-73.0)
1.58 (1.44-1.81)
19.3 (17.6-26.5)
-0.7 (-4.5-12.9)

19.5 (17.0-41.0)
13.5 (7.0-41)
0.98 (0.82-1.88)
59.9 (28.2-71.5)
11.4 (10.9-14.3)
4.0 (3.8-4.4)

2.1 (-15.4-7.5)
4.4 (3.4-8.0)
5.3(-3.4-212)
6.2 (4.8-13.4)

0.30 (0.19-0.44)
0.016 (0.014-0.026)

0.30 (0.16-0.54)
0.006 (0.004-0.029)

—_ N = O




Cancer Chemotherapy and Pharmacology (2025) 95:14

Page70of 10 14

sunitinib concentration or sunitinib N-oxide/sunitinib con-
centration at baseline and the end of follow-up was similar
between the C/D-decreased and C/D-non-decreased groups.
Five patients (71.4%) had grade 2 or higher anorexia, a
common adverse event associated with sunitinib. However,
no difference was observed between the C/D-decreased and
C/D-non-decreased groups.

Discussion

We showed that the C/D ratio of sunitinib decreased by half
over time in half of the patients who received sunitinib for
> 1 year despite continuing the same dose. To the best of our
knowledge, this is the first study to reveal the relationship
between the maintenance dose and variations in the serum
concentrations of sunitinib and its metabolites in patients
who received sunitinib treatment for > 1 year. A decrease in
the serum concentration of sunitinib may weaken its antitu-
mor effects; thus, serum concentrations of sunitinib and its
metabolites should be periodically monitored when admin-
istering sunitinib for a long period.

We discussed the factors that led to a decrease in the
C/D ratio of sunitinib in patients who received long-term
sunitinib treatment. Judson et al. noted that the decreased
plasma concentrations of imatinib with long-term treat-
ment were due to increased clearance and a decreased AUC
[16]. Sunitinib is metabolized by cytochrome P450 (CYP)
3A4 to N-desethyl sunitinib [20]; thus, the ratio of N-des-
ethyl sunitinib/sunitinib concentration varies depending on
CYP3A4 activity [21]. However, in this study, the ratio of
N-desethyl sunitinib/sunitinib concentration did not vary
significantly, and the effect of metabolic clearance on the
decrease in the C/D ratio of sunitinib was considered small.
Additionally, since no patients were found to be using con-
comitant CYP3A4 inducers or inhibitors during the suni-
tinib treatment period of this study, it is considered unlikely
that sunitinib metabolic activity changed during treatment.
Judson et al. also clarified that high Alb and hemoglobin
(Hb) levels were correlated with increased clearance of ima-
tinib [16]. However, in this study, Alb and Hb levels were
similar between the C/D-decreased and C/D-non-decreased
groups. Therefore, it was considered that factors other than
the increased clearance and decreased AUC, observed with
long-term administration of imatinib, were involved in the
decrease in the C/D ratio of sunitinib associated with long-
term treatment.

Moreover, reduced absorption was considered as another
factor. Burger et al. noted that the decreased absorption of
imatinib was due to increased expression of the drug excre-
tion transporters, ATP-binding cassette transporter, sub-fam-
ily G, member 2 (ABCG2/BCRP) and ATP-binding cassette

transporter, sub-family B, member 1 (ABCB1/MDR1), in
the gastrointestinal tract with long-term administration of
imatinib [22]. As sunitinib is a substrate of ABCG2/BCRP
and ABCBI/MDRI, long-term sunitinib administration
may have increased the expression of these transporters
in the intestinal tract, resulting in decreased absorption of
sunitinib.

It is known that the absorption rate of itraconazole, the
same basic drug as sunitinib, is greatly affected by intragas-
tric pH [23]. Additionally, because TKIs are weakly basic,
concomitant use with gastric acid suppressants increases
gastric pH, resulting in decreases bioavailability [24, 25].
Many TKIs have pH-dependent solubility, thus affecting
absorption in the gastrointestinal tract [25, 26]. However, in
this study, although some patients were using proton pump
inhibitors (PPIs) or antacids before the start of sunitinib
treatment, no patients received these drugs during the suni-
tinib treatment period examined in this study. Therefore, the
concomitant use of sunitinib and PPIs or antacids was con-
sidered unlikely to be a factor in reducing absorption in the
gastrointestinal tract.

Anorexia is an adverse event of sunitinib, which has
been reported to reduce gastric acid secretion and increase
intragastric pH [27]. Anorexia was observed in six patients
(85.7%) who received long-term sunitinib treatment, five of
whom (71.4%) had grade 2 or higher anorexia. However,
the number of patients with grade 2 or higher anorexia was
similar between the C/D-decreased and C/D-non-decreased
groups. Therefore, the effect of anorexia on decreased
absorption of sunitinib remains unclear.

Boudou-Rouquette et al. reported that long-term admin-
istration of sorafenib decreases the absorption of sorafenib,
a vascular endothelial growth factor receptor-TKI (VEGFR-
TKI), from the gastrointestinal tract, resulting in a decreased
AUC [28]. Therefore, it is possible that sunitinib, a VEGFR-
TKI, may also decrease absorption from the gastrointesti-
nal tract with long-term administration. Additionally, all
patients had good medication adherence to medication,
it was considered unlikely that medication status had any
influence on the decrease in blood concentrations.

Finally, the effect of increased excretory clearance was
considered as another factor. However, Khosravan et al.
reported that the pharmacokinetics of sunitinib and N-des-
ethyl sunitinib are largely unaffected by renal function [29].
Additionally, in this study, the variability of the estimated
glomerular filtration rate was similar between the C/D-
decreased and C/D-non-decreased groups. Although these
findings could not rule out the influence of increased excre-
tory clearance associated with changes in ABCG2/BCRP
or ABCB1/MDRI expression, the influence of variability
in renal clearance on the decreased C/D ratio of sunitinib
observed in this study was considered small. Therefore, the
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cause of the decrease in the sunitinib C/D ratio could not be
clarified; however, it was thought that the influences of met-
abolic and renal clearance were low, whereas the influence
of decreased absorption or variability of ABCG2/BCRP and
ABCB1/MDRI1 expression was high.

The baseline body weight of the C/D-decreased group
was higher than that of the C/D-non-decreased group. Addi-
tionally, obesity is known to affect the variability of drug
absorption [30]. Therefore, body weight and obesity may
have influenced the decrease in serum concentrations. On
the other hand, in their population pharmacokinetic (PPK)
analysis of sunitinib, Houk et al. reported a maximum varia-
tion in Vd/F of 14% for a patient weighing 100 kg [31].
Since this is comparable to general inter-individual varia-
tion, weight variations are likely to have a minimal effect
on the decrease in serum concentration. However, due to a
lack of clinical data, the impact of weight variations on the
serum concentration and absorption of sunitinib should be
examined in detail in the future.

A rapid increase in the serum concentration of sunitinib
and its metabolites was observed in one patient (Patient
4). This patient did not receive any additional concomitant
medications during the treatment period but experienced a
weight loss of approximately 13%. When we calculated the
decrease in the volume of distribution (Vd/F) based on the
PPK analysis of sunitinib reported by Houk et al. [31]., the
decrease rate of Vd/F was 6.4%. Therefore, although weight
loss may have affected Vd/F, it is unlikely to have been the
main cause of the rapid increase in serum concentrations
in this patient. On the other hand, transient increases in
serum concentrations were also observed in other patients,
and it is possible that the increase in this patient may have
been a transient fluctuation. However, because the observa-
tion period for this patient was short, it was not possible
to evaluate subsequent variations in serum concentrations.
Therefore, it is necessary to increase the number of patients
and investigate the cause of the rapid increase in serum
concentration.

This study has two limitations. First, we could not clarify
the cause of the decreased C/D ratio of sunitinib. Therefore,
future studies should analyze variations in the intragastric
pH and ABCG2 expression. Second, the number of patients
treated with sunitinib was small. Therefore, future studies
should increase the sample size and conduct similar analy-
ses to clarify the cause of the decrease in the serum sunitinib
concentration, which will lead to the maintenance of appro-
priate serum concentration during sunitinib treatment.

@ Springer

Conclusion

This study showed that the C/D ratio of sunitinib decreased
by half over time in half of the patients who received long-
term sunitinib treatment despite continuing the same dose.
Therefore, serum concentrations of sunitinib and its metab-
olites should be periodically monitored when administer-
ing sunitinib for a long period to prevent a reduction in its
antitumor effect associated with decreased serum sunitinib
concentrations.
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