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Abstract

Purpose Patients receiving vascular endothelial growth factor—tyrosine kinase inhibitors are at a risk of developing pro-
teinuria. Renin—angiotensin system (RAS) inhibitors exert renoprotective effects and might reduce proteinuria risk in these
patients. We investigated the risk factors for and protective effect of RAS inhibitors against proteinuria in patients with renal
cell carcinoma (RCC) receiving axitinib.

Methods We retrospectively reviewed the medical records of patients with RCC receiving axitinib at Kobe City Medi-
cal Center General Hospital between September 2012 and October 2020. Patients with proteinuria > 2+ at baseline were
excluded. The patients were categorized into RAS inhibitor user, non-RAS inhibitor user, and non-user groups. The severity
of proteinuria was graded based on the Common Terminology Criteria for Adverse Events, version 5.0. A multivariate Cox
proportional hazards model was employed to identify the risk factors for developing grade >?2 proteinuria.

Results Among 42 patients, 28 received antihypertensive drugs at baseline. Among these, 17 and 11 patients were in the RAS
inhibitor and non-RAS inhibitor user groups, respectively. Twenty-three patients (54.8%) developed grade > 2 proteinuria.
The multivariate analysis revealed that the non-RAS inhibitor user group (P=0.001) and patients with pre-existing grade
1 proteinuria (P =0.022) were significantly associated with the development of grade >2 proteinuria, whereas the RAS
inhibitor user group was not significantly associated with it.

Conclusion In patients with RCC receiving axitinib, pre-existing proteinuria and non-RAS inhibitor use were significantly
associated with grade > 2 proteinuria development. Our preliminary data should be confirmed by further studies.
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Introduction checkpoint inhibitors are also recommended as first-line
therapies for advanced RCC [2, 3]. However, serious adverse

Axitinib, a potent and selective inhibitor of vascular  drug events (ADEs) are associated with the use of VEGF-

endothelial growth factor (VEGF) receptors 1-3, is recom-
mended as a monotherapy in first- and later-line systemic
therapy for metastatic renal cell carcinoma (RCC) [1]. In
addition, axitinib and that in combination with immune
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targeting agents, including thrombosis, bleeding, hyperten-
sion, and proteinuria [4]. Proteinuria is a common ADE and
is considered a class effect caused by VEGF-targeting agents
[4-6].

The development of proteinuria restricts the dose of
VEGF-targeted agents, thereby reducing their efficacy [3,
7-9]. In addition, proteinuria increases the subsequent risk
of chronic kidney disease (CKD) [6]. Thus, an understanding
of the predictive factors of proteinuria in patients receiv-
ing angiogenesis inhibitors will be important for managing
this ADE. However, these factors have not been fully eluci-
dated. To the best of our knowledge, there is no information
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regarding the risk factors of proteinuria in patients with can-
cer receiving VEGFR-TKIs in real-world clinical settings.

Renin—angiotensin system (RAS) inhibitors are known
to exert a renoprotective effect. Several studies have sug-
gested that these agents are useful in reducing the risk of
proteinuria in patients receiving VEGF-targeted monoclonal
antibodies such as bevacizumab, ramucirumab, and afliber-
cept [10-12]. Thus, we hypothesized that RAS inhibitors
might decrease the risk of development of proteinuria in
patients receiving VEGFR-TKIs. Therefore, in this study,
we investigated the risk factors for developing proteinuria
in patients with RCC receiving axitinib in real-world clini-
cal settings. We also evaluated the protective effect of RAS
inhibitors on proteinuria.

Materials and methods
Study participants and outcome measures

This retrospective chart review was conducted in accordance
with the tenets of the Declaration of Helsinki. The study
protocol was approved by the Ethics Committee of the Kobe
City Medical Center General Hospital (approval number:
zn210301). Patients were eligible if they were > 20 years of
age, diagnosed with RCC, and started axitinib monotherapy
or combination therapy with immune checkpoint inhibitors
at the Department of Urology in Kobe City Medical Center
General Hospital between September 1, 2012 and October
31, 2020. A study diagram is shown in Figure S1. The pri-
mary objective of this study was to evaluate the risk fac-
tors for developing grade >?2 proteinuria in patients with
advanced RCC receiving axitinib [10-12]. The secondary
objective included determining the risk factors for the exac-
erbation of proteinuria, and the association between risk fac-
tors and cumulative incidence of proteinuria. The exclusion
criteria were insufficient data from the urine test (n=16) or
an observational period less than 1 month after starting axi-
tinib (n=6). Among the 72 consecutive patients who started
axitinib, 50 were enrolled in this study. Subsequently, we
investigated the primary objective after excluding patients
with baseline proteinuria > 2+ according to urine dipstick
testing (n=28).

Data collection and assessment

Data on pre-existing proteinuria, age, sex, weight, body
surface area, Eastern Cooperative Oncology Group perfor-
mance status, prior nephrectomy, serum creatinine, eGFR,
SBP, medications that affect blood pressure (RAS inhibi-
tors, calcium channel blockers, diuretics, and alpha- or beta-
blockers), comorbid with diabetes, prior cytokine therapy,
and prior targeted therapies were retrospectively collected
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from electronic medical records. The eGFR was calculated
using the formula developed by the Japanese Society of
Nephrology [13]. The severity of axitinib-associated protein-
uria was graded based on the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE),
version 5.0. The data cutoff date was December 31, 2020.

Statistics

Categorical data are presented as number of patients (per-
centage), and they were compared between groups using
Chi-square test or Fisher’s exact test as appropriate. Continu-
ous data are presented as median (interquartile range), and
Mann—Whitney U test was used to compare the groups. Mul-
tivariate Cox proportional hazards models were employed to
identify the risk factors for developing grade > 2 proteinuria
and exacerbation of proteinuria. We categorized the patients
into three groups according to their use of an antihyper-
tensive drug at the start of axitinib as follows: angiotensin
receptor blockers or angiotensin-converting enzyme inhibi-
tor users (RAS inhibitor user group), antihypertensive drug
users not taking RAS inhibitors (non-RAS inhibitor user
group), and patients not using antihypertensive drugs (non-
user group) [10, 11]. Variables were examined for multi-
collinearity (correlation coefficient |rI>0.7), because cor-
relations among the variables lead to incorrect results of
regression analyses. Covariates were restricted to two vari-
ables to avoid overfitting and, based on clinical assessment
and previous research, we included pre-existing proteinu-
ria and use of antihypertensive drug at the start of axitinib
because of their expected strong associations with the out-
come and axitinib treatment. The cumulative incidence of
grade > 2 proteinuria was described using the Kaplan—Meier
method with the log-rank test. All statistical analyses were
performed using JMP 13.2.1 (SAS Institute Inc., Cary NC,
USA) and EZR 1.41 (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan) [14]. Results with two-tailed
P <0.05 were considered statistically significant. In the
comparison of the cumulative incidence of grade >?2 pro-
teinuria between baseline antihypertensive treatment groups,
Bonferroni correction was applied to determine the level
of significance between each group and the non-user group
(P<0.025).

Results

Baseline characteristics of the patients

Between September 2012 and October 2020, 72 consecutive
patients with RCC started treatment with axitinib; among

them, 50 were enrolled in this study (Figure S1). We divided
patients into three groups: RAS inhibitor users (n=23),
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non-RAS inhibitor users (n=11), and non-users (n=16).
The baseline characteristics of these patients are shown
in Table 1. There were 39 (78.0%) men and 11 (22.0%)
women. Twenty-two patients (44.0%) had proteinuria > 1+ at
baseline, according to the urine dipstick test. Axitinib was
administered as first-line, second-line, and third-line or later
systemic treatment to 9 (18.0%), 12 (24.0%), and 29 (58.0%)
patients, respectively. The dose of axitinib was started, in
principle, as 10 mg per day, and it was modified during
treatment according to the product guidelines. Thirty-four
patients (68.0%) concomitantly received one or more anti-
hypertensive agents, consisting of RAS inhibitors (n=23),
calcium channel blockers (n=24), or others (n=11).

The baseline characteristics of 42 patients with baseline
proteinuria <2+, as determined using the urine dipstick
test, are shown in Supplementary Table S1. There were
34 (81.0%) men and 8 (19.0%) women. Fourteen patients
(33.3%) had proteinuria 1+ at baseline, according to the
urine dipstick test. Twenty-eight patients (66.7%) concomi-
tantly received one or more antihypertensive agents. The
proportion of patients with pre-existing proteinuria at base-
line (47.1 vs. 36.4%) was relatively higher but not statisti-
cally different between the RAS inhibitor user and non-RAS
inhibitor user groups.

Incidence and risk factors of proteinuria

Among the 50 patients, 38 (76.0%) presented exacerbated
grade of proteinuria (Supplementary Table S2). Accord-
ing to the analysis using the multivariate Cox proportional
hazards model, the non-RAS inhibitor user group (hazard
ratio [HR] 5.21; 95% confidence interval [CI], 1.99-14.17;
P=0.001) was significantly associated with an exacerbated
grade of proteinuria. In contrast, the RAS inhibitor user
group showed no significant association with it (HR 1.32;
95% CI 0.56-3.26; P=0.531) (Supplementary Table S3).
The Kaplan—Meier curve for the cumulative incidence of
an exacerbated grade of proteinuria after starting axitinib
treatment is shown in Supplementary Figure S2.

Among the 42 patients with baseline proteinuria
<2+ detected using the urine dipstick test, grade 1, 2, and
3 proteinuria was observed in 14 (21.4%), 22 (54.8%), and
1 (4.8%) patient(s), respectively, during axitinib treatment.
To investigate the risk factors for developing grade >2 pro-
teinuria, multivariate Cox proportional hazards models were
employed. The non-RAS inhibitor user group (HR 7.52; 95%
CI 2.29-29.19; P=0.001) and patients with pre-existing
proteinuria (HR 2.98; 95% CI 1.17-7.60; P=0.022) were
significantly associated with the development of grade >2
proteinuria (Table S4), in contrast to the RAS inhibitor user
group (HR 1.77; 95% CI 0.54-6.88; P=0.352).

The incidence of developing each grade of proteinuria
in the non-user, RAS inhibitor user, and non-RAS inhibitor

user groups as well as in patients with and without pre-exist-
ing proteinuria at baseline are shown in Table S5. The inci-
dence of developing grade >?2 proteinuria was significantly
different among the non-user, RAS inhibitor user, and non-
RAS inhibitor user groups [28.6% (4/14), 58.8% (10/17),
and 81.8% (9/11), respectively; P=0.030]. The incidence
of developing grade >?2 proteinuria was also significantly
different between patients with and without pre-existing
proteinuria [78.6% (11/14) vs. 42.9% (12/28), respectively;
P=0.048].

The Kaplan—Meier curve for the cumulative incidence
of proteinuria after starting axitinib is shown in Fig. 1. The
cumulative incidence of developing grade >2 proteinuria
(Fig. 1A) was significantly higher in the non-RAS inhibitor
user group than in the non-user group (P=0.001). In con-
trast, there was no such significant difference between the
RAS inhibitor user and non-user groups (P=0.079). Finally,
the cumulative incidence of developing grade >?2 proteinuria
(Fig. 1B) was significantly higher in patients with pre-exist-
ing proteinuria at baseline than in those without (P=0.010).

Discussion

The multivariate Cox proportional hazards model used in
this study showed that the risk of developing grade >2 pro-
teinuria was significantly higher in patients with proteinuria
at baseline and in the non-RAS inhibitor group. In contrast,
it was not significantly higher in the RAS inhibitor user
group. To the best of our knowledge, this is the first study on
the risk factors of proteinuria in patients with cancer receiv-
ing VEGFR-TKIs in a real-world clinical setting.

In a pooled analysis of data from two phase III rand-
omized controlled trials in patients with metastatic RCC
receiving pazopanib or sunitinib (n=1392), it was found
that Asian ethnicity, diabetes, hypertension, pre-existing pro-
teinuria, and prior nephrectomy are significant risk factors
for proteinuria [9]. Owing to the small number of patients
in this study, we did not employ baseline lower kidney func-
tion as one of potential risk factors for proteinuria. In our
study, pre-existing proteinuria was a significant risk factor
for developing grade > 2 proteinuria.

A novel finding of our study was that patients treated with
the concomitant use of RAS inhibitors at baseline showed a
significantly reduced risk of proteinuria among those receiv-
ing oral VEGFR-TKIs. However, the non-RAS inhibitor
user group did not show a significant reduction in the risk
of developing grade >?2 proteinuria compared with that in
the non-user group. It has been reported that the concomitant
use of RAS inhibitors at baseline significantly reduces the
risk of proteinuria in patients receiving intravenous mono-
clonal antibodies targeting the human VEGF pathway, such
as bevacizumab, ramucirumab, and aflibercept [10-12].
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Table 1 Patient characteristics

Characteristics All patients (n=50) Non-user (control) (n=16) RAS inhibitor user (n=23) Non-RAS
inhibitor user
(n=11)

Age (years), median (IQR) 67 (62-73) 64 (61-71) 69 (60-74) 68 (65-74)

Male sex, n (%) 39 (78.0%) 13 (81.3%) 17 (73.9%) 9 (81.8%)

Weight (kg), median (IQR)
Body surface area (m?), median (IQR)
ECOG PS, n (%)

0

1

2
Histologic subtype

Clear cell carcinoma

Others
IMDC risk group

Favorable

Intermediate

Poor

Unknown

Prior nephrectomy, n (%)

Pre-existing proteinuria, n (%)
eGFR, n (%)

<45 mL/min/1.73 m?

45-59 mL/min/1.73 m?

> 60 mL/min/1.73 m*

SBP (mmHg)

Use of antihypertensive agents, n (%)

RAS inhibitor

Calcium channel blocker

Other drugs

Comorbid with diabetes, n (%)
Line of therapy

Ist

2nd

3rd

4th or later

Prior cytokine therapy, n (%)
Prior targeted therapy, n (%)

Sunitinib

Everolimus

Sorafenib

Pazopanib

Temsirolimus

Prior ICL, n (%)

Axitinib monotherapy

Axitinib and ICI combination therapy

Duration of axitinib treatment, months

IQR)

60.0 (51.8-70.0)
1.67 (1.52-1.81)

21 (42.0%)
24 (48.0%)
5 (10.0%)

47 (94.0%)
3 (6.0%)

17 (34.0%)
30 (60.0%)
2 (4.0%)
1 (2.0%)
40 (80.0%)
22 (44.0%)

15 (30.0%)
18 (36.0%)
17 (34.0%)
130 (120-135)
34 (68.0%)
23 (46.0%)
24 (48.0%)
11 (22.0%)
13 (26.0%)

9 (18.0%)
12 (24.0%)
13 (26.0%)
16 (32.0%)
23 (46.0%)

20 (40.0%)
10 (20.0%)
10 (20.0%)
10 (20.0%)
2 (4.0%)
4 (8.0%)
43 (86.0%)
7 (14.0%)
7.3 (2.7-13.9)

59.0 (48.5-64.5)
1.65 (1.49-1.77)

7 (43.8%)
9 (56.3%)
0 (0%)

13 (81.3%)
3 (18.7%)

5(31.3%)
11 (68.8%)
0 (0%)
0 (0%)
13 (81.3%)
4 (25.0%)

1 (6.3%)
5(31.3%)
10 (62.5%)
130 (121-140)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
2 (14.3%)

2 (12.5%)
5(31.3%)
5(31.3%)
4 (25.0%)
8 (50.0%)

6 (37.5%)

4 (25.0%)

2 (12.5%)

3 (18.7%)

1 (6.3%)

1 (6.3%)
15 (93.8%)

1 (6.3%)
7.8 (1.9-14.4)

59.9 (49.0-73.0)
1.62 (1.48-1.79)

10 (43.5%)
10 (43.5%)
3 (13.0%)

23 (100%)
0 (0%)

7 (30.4%)
14 (60.9%)
2 (8.7%)

0 (0%)
17 (73.9%)
14 (60.9%)

9(39.1%)

9 (39.1%)
5(21.7%)
130 (120-139)
23 (100%)
23 (100%)
14 (60.9%)
9 (39.1%)

8 (36.4%)

4 (17.4%)
6 (26.1%)
6 (26.1%)
7 (30.4%)
10 (43.5%)

8 (34.8%)
521.7%)
6 (26.1%)
5(21.7%)
0 (0%)
2 (8.7%)
19 (82.6%)
4 (17.4%)
6.5 (2.5-16.2)

67.0 (59.0-71.0)
1.81 (1.61-1.84)

4 (36.4%)
5 (45.5%)
2 (18.2%)

11 (100%)
0 (0%)

5 (45.5%)
5 (45.5%)
0 (0%)
1(9.1%)
10 (90.9%)
4 (36.4%)

5(45.5%)

4 (36.4%)

2 (18.2%)

126 (115-130)

11 (100%)

0 (0%)
10 (90.9%)

2 (18.2%)

3 (27.3%)

3 (27.3%)
1(9.1%)

2 (18.2%)
5 (45.5%)
5 (45.5%)

6 (54.6%)
1(9.1%)
2 (18.2%)
2 (18.2%)
1(9.1%)
1(9.1%)
9 (81.8%)
2 (18.2%)
8.6 (3.2-13.1)

IQR interquartile range, ECOG PS Eastern Cooperative Oncology Group performance status, /JMDC International Metastatic Renal Cell Carci-
noma Database Consortium, eGFR estimated glomerular filtration rate, SBP systolic blood pressure, RAS renin—angiotensin system, /C/ immune

checkpoint inhibitor
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Fig.1 Kaplan—-Meier curves for the cumulative incidence of grade
2 proteinuria in patients with renal cell carcinoma receiving axi-
tinib. Cumulative incidence of grade 2 proteinuria was compared (A)
among the RAS inhibitor user, non-RAS inhibitor user, and non-user

In controlled trials of patients with CKD, RAS inhibitors
reduced proteinuria by approximately 35-40% and were
thus more effective than other antihypertensive drugs [15,
16]. With regard to the mechanisms of renal protection
mediated by RAS inhibitors, both renal hemodynamic and
non-hemodynamic effects might be involved [17]. Selecting
RAS inhibitors to control this condition in patients receiving
VEGFR-TKIs could be an important option.

There were some limitations to our study. First, this was a
single-centered, small, retrospective study. Although a phase
II trial of axitinib monotherapy for patients with metastatic
RCC (n=64) showed that baseline urine protein level and
lower eGFR are significantly associated with proteinuria [8],
we did not employ these factors as potential risk factors for
proteinuria owing to the small number of patients in this
study. Second, the study subjects consisted of a heteroge-
neous population on first to later lines of TKI treatment.
The proportion of patients with pre-existing proteinuria
was relatively higher in the RAS inhibitor user group than
in the other groups. It is noteworthy that the development
of grade >2 proteinuria was decreased in the RAS inhibi-
tor user group, despite an imbalance in the proportion of
patients with pre-existing proteinuria at baseline. Third,
although recent studies have reported that evaluating the
urine protein/creatinine ratio (UPCR) might be appropri-
ate for assessing proteinuria in patients with advanced RCC
receiving VEGFR-TKIs [18], we did not use the UPCR,
because it has not been utilized in the CTCAE criteria and
the protocols of randomized controlled trials. Finally, we
did not precisely quantitate 24 h urine protein based on the
retrospective observational study design. Our preliminary
findings should thus be confirmed in further studies.

In conclusion, we investigated the risk of developing
grade >2 proteinuria in patients with RCC receiving
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(TR
25 60 P=0010
£ %
2&
"o 404
g § Non pre-existing proteinuria (n = 28)
E5 20
(]
o] T T T T T
0 3 6 9 12 15 18
Time after the first dose (months)

Number at risk
Pre-existing 14 5 2 1 1 1 1
Non 28 16 1 8 6 4 3

groups and (B) between patients with and without pre-existing pro-
teinuria. *Statistically significant after adjustment using Bonferroni
correction (P <0.025 for log-rank test). RAS, renin—angiotensin sys-
tem

axitinib either as monotherapy or in combination with
immune checkpoint inhibitors. The results of our study
suggest that patients with pre-existing proteinuria at base-
line and non-RAS inhibitor user groups are significantly
associated with developing grade >2 proteinuria. Our
preliminary findings should be confirmed by prospective
studies with a higher number of patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00280-022-04408-4.
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