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Abstract

Purpose: It remained unclear whether tyrosine kinase inhibitors (TKIs) related renal impairment had impact on the survival of
patients with metastatic renal cell carcinoma (mRCC).

Methods: Clinicopathological parameters of patients with mRCC treated with TKls were retrospectively reviewed. Blood urea
nitrogen (BUN), proteinuria and estimated glomerular filtration rate (eGFR) at baseline and during TKIs treatment were recorded. BUN
> 7.1mol/L, eGFR <60 ml/min/|.73m? and/or proteinuria level > 0.3 g/L were defined as renal impairment. eGFR and proteinuria were
furtherly classified into different levels. Treatment outcomes were defined as progression-free survival (PFS) and overall survival (OS).

Results: At baseline, the presence of abnormal BUN, eGFR and proteinuria level were observed in 25 (22.7%), 27 (25.5%) and 30
(27.3%) patients, which increased to 46 (41.8%), 55 (50.0%) and 64 (58.2%) respectively after TKIls treatment. In the whole cohort
(N = 110), survival analysis suggested that only post-treatment renal impairment was related to survival outcomes. Interestingly,
sub-analysis showed that post-treatment eGFR level (p = 0.004), proteinuria (p = 0.014) and eGFR decrease >10% (p = 0.012)
and elevated proteinuria compared with baseline (p = 0.006) were statistically correlated with OS among patients without Rl at
baseline (N = 51). On the contrary, deterioration of renal impairment after TKIs treatment in patients with renal impairment at
baseline (N = 59) had no relationship with either PFS or OS. Furthermore, eGFR (p = 0.020) and eGFR decrease >10% (p =
0.016) within | year after TKIs therapy were potential biomarkers for OS.

Conclusion: Dynamic changes of TKl-induced RI during TKls treatment, especially eGFR and proteinuria level, could be con-
sidered as potential biomarkers predicting survival outcomes of mMRCC patients.
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Introduction

Renal cell carcinoma (RCC) is the most common type of malig-
nant kidney disease.' Due to its high aggressiveness, 25%-30%
of patients were at the metastatic phase when initially diagnosed,
while 20% of patients underwent recurrent disease after radical
nephrectomy within 3 years.>* In the last decade, tyrosine
kinase inhibitors (TKIs) were designed to inhibit the vasculo-
genesis of tumor-targeting vascular endothelial growth factors
(VEGFRs). TKIs had significantly improved the survival out-
comes of mRCC patients and became a standard treatment.*>
However, patients often suffered from on-target adverse events
(AEs) during TKIs treatment, leading to dosage reduction,
schedule modification, interruption, or even cessation. This sce-
nario was more frequently observed in Asian population.®’

Though the profile of AEs varies among different TKI drugs,
the most common types are fatigue, hypertension (HTN), diar-
rhea, and hand-and-foot syndrome (HFS).>® Previous evidence
showed that certain types of AEs had predictive value for the
prognosis of mRCC patients. Moreover, the severity and inci-
dence of AEs were also related to survival outcomes.’'°
Recently, accumulating evidence stated that, after receiving TKIs
treatment, 60-70% of patients underwent on-set or progression of
renal function damage, mainly eGFR decrease, which usually
happened within 6.6 months.'"'> However, the role of renal func-
tion in TKI-treated mRCC patients remains unclear.

Studies'? demonstrated that mRCC patients with renal
impairment (RI) at initial TKI treatment were tended to have
a poor prognosis, while others'®'? stated that mRCC patients
with RI could equally benefit from TKIs treatment. The devel-
opment of proteinuria, as well as deterioration of eGFR damage
after targeted therapy, was reported to be a predictor for better
survival outcomes in patients with TKIs treatment.'" Yet, there
are still limited data to clarify the exact role of TKI-induced RI
in mRCC patients, and its predictive value for patients’ survival
outcome. Hence, we conducted this study to verify the occur-
rence of RI during the TKIs treatment course and its predictive
value in the prognosis of mRCC patients.

Materials and Methods

Characteristics of Patients

Patients older than 18 years, who were pathologically diag-
nosed with mRCC at West China Hospital between 2014 and
2018 were included. The clinicopathological data of patients
were recorded in detail. All patients underwent nephrectomy
and received further TKIs treatment. No patient received
neoadjuvant therapy. Blood urea nitrogen (BUN), proteinuria,
and estimated glomerular filtration rate (¢GFR) were measured
or calculated before and after TKIs treatment. In general con-
ception, the normal BUN level was defined as <7.1 mmol/L.
eGFR was calculated using the abbreviated MDRD-GFR equa-
tion. GFR in ml/min/1.73 m? = 186.3 xcreatinine —1.154 x
age —0.203 (x0.742 if female). Proteinuria was measured with
a rapid urine protein test. The positive result of the rapid urine
protein test was defied as >0.3 g/L According to the

KDIGO guideline, normal eGFR level was defined as eGFR
>60 ml/min/1.73m?. eGFR was then classified into three
degrees: >60, 30-60, and <30 ml/min/ 1.73m?, and proteinuria
level was classified into 3 degrees: negative grade 1 (<0.3 g/L),
grade 2 (0.3-3.0 g/L) and grade 3 (>3.0 g/L). Post-treatment
levels of BUN, eGFR, and proteinuria were routinely evaluated
every 4 weeks.

This study was approved by the Biomedical Research Ethics
Committee of West China Hospital of Sichuan University.
All procedures performed in studies involving human participants
were following the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.

Treatment and Outcomes

Sunitinib and axitinib were given to patients as the 1st-line
TKIs treatment. Sunitinib was administrated with 50 mg daily
on a 4-weeks on and 2-weeks off schedule (4/2 schedule), and
axitinib was administrated with 5 mg/bid. Primary and
TKI-induced hypertension was documented. Treatment dura-
tion was identified as the time from initial TKIs treatment to
cessation, death, or end of follow-up. All patients routinely
underwent a contrast CT scan every 3 months to evaluate their
treatment response, which was assessed using the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1. PFS was
defined as the time from the first administration of TKIs to the
progression of disease or death, and OS was defined as the time
from the first administration of TKIs to all-cause mortality.

Statistical Analysis

Data were presented as categorical variables and continuous
variables. Differences between quantitative variables were ana-
lyzed using a t-test, while differences in categorical variables
were determined using the chi-square (x?) test. Correlation
between the two parameters was tested by Spearman’s rank
correlation coefficient and logistic regression analysis.
Kaplan-Meier survival curves were drawn and a log-rank test
was used to analyze the statistical significance. Multivariate
analysis was conducted using the Cox regression model with
a forward stepwise selection procedure. SPSS version 24.0
(SPSS Inc., Chicago, IL, USA) software was used only for all
statistical analyses. GraphPad Prism 7.0a was used to plot all
the figures. P < 0.05 was considered statistically significant.

Results

Clinicopathological Characteristics

A total of 110 mRCC patients treated with TKIs at West China
Hospital from Sep. 2014 to Dec. 2018 were included in this
study, and their clinicopathological parameters were summar-
ized in Table 1. Most of the patients were <65 yr of age, male,
had good performance status and pathologically diagnosed with
clear cell RCC (ccRCC). In the whole cohort, 65 (59.1%)
patients received sunitinib treatment, while axitinib was
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Table 1. Clinicopathological Parameters of Included Patients (N = 110).

N (%) or n (+SD) N (%) or n (+SD)

Age MSKCC, n (%)
<65 81 (73.6) Favorable 17 (15.5)
>65 29 (26.4) Intermediate 74 (67.3)

Gender, n (%) Poor 19 (17.2)
Male 77 (70) Treatment duration, (m) 26.2 (+24.0)
Female 33 (30) Ist-line TKIs drugs, n (%)

BMI Sunitinib 65 (59.1)
<24 73 (66.4) Axitinib 45 (40.9)
>24 37 (33.6) Treatment cessation, n (%) 9 (8.2%)

Histological Type, n (%) Primary Hypertension 37 (33.6)
ccRCC 81 (73.6) TKIl-induced hypertension, n (%) 32 (29.1)
Non-ccRCC 29 (26.4) Baseline

ISUP, n (%) BUN (mmol/L) 6.2 (+3.0)
<3 28 (25.5) BUN >7.1 mmol/L, n (%) 25 (22.7)
>3 82 (74.5) eGFR (ml/(min/1.73m?)) 75.1 (+£22.3)

T stage eGFR (ml/(min/1.73m?)), n (%)
<3 60 (54.5) >60 83 (75.5)
>3 50 (45.5) 30-60 24 (22.8)

N stage <30 3(27)

0 89 (80.9) Proteinuria (g/L), n (%)
I 21 (19.1) <0.3 80 (72.7)

ECOG, n (%) 0.3-3.0 24 (21.8)
0-1 87 (79.1) >3.0 6 (5.5)
>2 23 (20.9) Post-treatment

Metachronic metastasis 52 (47.3) BUN >7.1 mmol/L, n (%) 46 (41.8)
Metastatic sites, n (%) BUN increase > 10% 61 (55.5)

Lung 65 (59.1) eGFR (ml/(min/1.73m?)), n (%)

Bone 30 (27.3) >60 55 (50.0)
Liver 11 (10.0) 30-60 37 (33.6)
Brain 3(27) <30 18 (16.4)
Lymph node 15 (13.6) eGFR decrease >10%, n (%) 63 (57.3)
Others 44 (40.0) Proteinuria (g/L), n (%)

Metastatic sites>2 50 (45.5) <0.3 46 (41.8)

IMDC, n (%) 0.3-3.0 36 (32.7)
Favorable 17 (15.5) >3.0 28 (25.5)
Intermediate 66 (60.0) Elevation of proteinuria, n (%) 45 (40.9)
Poor 27 (24.5)

BMI: body mass index; RCC: renal cell carcinoma; non-RCC: including papillary, chromophobe and other types of RCC; ECOG: Eastern Cooperative Oncology
Group; IMDC: International Metastatic Renal-Cell Carcinoma Database Consortium; MSKCC: Memorial Sloan Kettering Cancer Center; AEs: adverse event; TKI,
tyrosine kinase inhibitors; BUN, blood, urea nitrogen; eGFR estimated glomerular filtrating rate.

administrated in 45 (40.9%) patients, separately. The mean
duration of TKIs treatment was 26.2( & 24.0) months.

Deterioration of Rl After TKIs Treatment

The incidence of RI pre- and post-TKIs treatment was summar-
ized in Table 1. In the whole cohort, abnormal BUN, eGFR, and
proteinuria levels were observed in 25 (22.7%), 27 (25.5%), and
30(27.3%) patients at initial treatment. However, after receiving
TKIs treatment, the incidence of abnormal BUN, eGFR,
and proteinuria increased to 46 (41.8%), 55 (50%), and
64 (58.2%), respectively.

The trend of RI in mRCC patients after TKIs treatment was
shown in Figure 1. In correlation analysis, in the whole cohort,
BUN (r = 0.718, p < 0.001) and proteinuria level (r = 0.556,
p = 0.002) were generally increased compared with baseline

level after receiving TKIs (Figure 1A and C). On the contrary,
the eGFR level steadily decreased during the follow-up
(r = —0.574, p = 0.001) (Figure 1B). This trend was more
obvious in patients without baseline RI (Figure 1D, E, and
F). However, a similar trend was not observed in patients with
baseline RI (Figure 1G, H, and I).

Association Between Clinicopathological Parameters
and the Occurrence of Post-Treatment Rl

In searching for baseline predictors for post-treatment RI, base-
line clinicopathological parameters were included for analysis.
In correlation analysis, age >65 years old was significantly
related to abnormal eGFR level (OR: 5.972, 95%CI:
2.316-15.399, p < 0.001) after TKIs treatment. Moreover, the
male gender (OR: 3.268, 95%CT: 1.178-9.091, p = 0.023) was
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Table 2. Multivariate Analysis of PFS and OS in mRCC Patients (n = 110).

PFS oS
HR (95%Cl) P value HR (95%Cl) P value

Age

<55 vs >55 2.975 (1.164-7.607) 0.023* 1.880 (0.970-7.014) 0.062
ECOG

0-1 vs >2 5.281 (2.665-10.465) <0.001* 3.998 (2.018-7.921) <0.001*
IMDC

Favorable Ref. 0316 Ref. 0.011*

Intermediate 0.834 (0.384-1.815) 0.648 0.809 (0.331-1.978) 0.809

Poor 0.518 (0.206-1.303) 0.162 2.185 (0.873-5.470) 0.095
Baseline
BUN >7.1 mmol/L

No vs Yes 1.022 (0.446-2.341) 0.958 - - -

eGFR (ml/min/1.73m?)

<30 - - - Ref. 0.831

30-60 - - - 0.973 (0.111-8.499) 0.980

>60 - - - 1.285 (0.156-10.595) 0.816
Proteinuria

<0.3 Ref. 0.062 Ref. 0.016*

0.3-3.0 2.339 (1.099-4.977) 0.027 2.062 (0.953-4.463) 0.066

>3.0 2.302 (0.697-7.602) 0.171 6.298 (1.571-25.244) 0.009
After TKis treatment
BUN >7.Immol/L

No vs Yes 1.144 (0.572-2.287) 0.705 1.205 (0.600-2.417) 0.605

eGFR (ml/min/1.73m?)

<30 Ref. 0.048* Ref. 0.009*

30-60 1.652 (0.716-3.814) 0.240 0.082 (0.325-1.980) 0.632

>60 3.022 (1.216-7.508) 0.017 2.749 (1.028-7.349) 0.044
Proteinuria (g/dl)

<0.3 Ref. 0.039* Ref. <0.001*

0.3-3.0 0.512 (0.246-1.068) 0.074 0.370 (0.185-0.739) 0.005

>3.0 0.384 (0.176-0.836) 0.016 0.174 (0.068-0.451) <0.001
Dynamic change of renal function
BUN increase >10%

No vs Yes 1.121 (0.652-1.926) 0.680 - - -
eGFR decrease >10%

No vs Yes 0.682 (0.401-1.161) 0.159 0.536 (0.301-0.954) 0.034*
Elevated proteinuria

No vs Yes 0.529 (0.306-0.913) 0.022* 0.241 (0.124-0.468) <0.001*

ECOG: Eastern Cooperative Oncology Group; IMDC: International Metastatic Renal-Cell Carcinoma Database Consortium; BUN, blood, urea nitrogen; eGFR

estimated glomerular filtrating rate.
*p < 0.05.

statistically indicated for the occurrence of TKI-related protei-
nuria. Interestingly, proteinuria was significantly associated
with the use of axitinib (42.5% vs 20.0%. p = 0.007). Other
baseline variables, including IMDC risk group and histology,
had no statistical relationship with the occurrence of
post-treatment RI (Supplementary Table 1).

To clarify the role of hypertension in the occurrence of RI,
TKI-induced HTN was also included and analyzed. Primary
and TKI-induced HTN were reported in 37 (33.6%) and
32 (29.1%) patients, separately (Table 1). After the Spearman
Correlation test, primary and TKI-induced HTN were only
correlated with proteinuria (p = 0.044 and 0.013, separately).
eGFR and BUN had no relationship with the occurrence of
hypertension.

The Impact of Baseline and Post-Treatment Renal
Function Related Parameters on PFS

Among all 110 patients, 83 of them (75.7%) experienced
the progressed disease. Median PFS time in the whole
cohort was 13.0(+ 2.1) months. In univariate analysis,
baseline renal function related parameters had no impact
on patients” PFS. However, post-treatment proteinuria
(p = 0.024), elevated proteinuria (p = 0.014) and eGFR
(p = 0.006) were significantly related to PFS (Supplemen-
tary Table 2 and Figure 2). In multivariate analysis,
post-treatment eGFR (p = 0.048), proteinuria (p =
0.039), along with elevated proteinuria (p = 0.022) indi-
cated longer PFS (Table 2).
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Figure 2. Correlations between post-treatment renal function related parameters and PFS of mRCC treated with TKls (n = 110). Kaplan-Meier

curves of different renal function related parameters in patients with normal renal function related parameters at baseline: (A) Relationship of
post-treatment eGFR level and PFS; (B) Relationship of post-treatment proteinuria level and PFS; (C) relationship of elevated proteinuria level

after TKls treatment and PFS.

Table 3. Multivariate Analysis of PFS and OS in mRCC Patients Without Renal Impairment at Initial Diagnosis.

PFS oS
HR (95%Cl) P HR (95%Cl) P

Age

<55 vs >55 1.334 (0.571-3.121) 0.506 1.330 (0.575-3.077) 0.505
ECOG

0-1 vs >2 3.154 (0.957-10.392) 0.059 1.551 (0.585-4.111) 0.378
IMDC

Favorable Ref. 0.620 Ref. 0.026*

Intermediate 1.616 (0.488-5.349) 0.432 0.755 (0.268-2.133) 0.596

Poor 1.084 (0.223-5.279) 0.921 2.240 (0.759-6.610) 0.144
After TKls treatment
BUN >7.1 mmol/L
No vs Yes 1.443 (0.619-3.364) 0.396 1.219 (0.482-3.080) 0.675
eGFR (ml/min/1.73m?)

<30 Ref. 0.086 Ref. 0.004*

30-60 1.365 (0.322-5.775) 0.673 3.379 (0.630-18.136) 0.156

>60 3.172 (0.960-10.482) 0.058 19.392 (3.201-117.470) 0.001
Proteinuria (g/dl)

<0.3 Ref. 0.232 Ref. 0.014*

0.3-3.0 1.032 (0.383-2.784) 0.950 0.729 (0.313-1.699) 0.464

>3.0 0.388 (0.128-1.181) 0.096 0.028 (0.002-0.318) 0.004
Dynamic change of renal function
BUN increase >10%

No vs Yes 1.493 (0.561-3.975) 0.432 0.505 (0.194-1.318) 0.163
eGFR decrease >10%

No vs Yes 0.419 (0.156-1.129) 0.085 0.243 (0.080-0.734) 0.012*
Elevated proteinuria

No vs Yes 0.311 (0.114-0.849) 0.023* 0.278 (0.111-0.699) 0.006*

ECOG: Eastern Cooperative Oncology Group; IMDC: International Metastatic Renal-Cell Carcinoma Database Consortium; TKI, tyrosine kinase inhibitors; BUN,

blood, urea nitrogen; eGFR estimated glomerular filtrating rate.
*p < 0.05.

We furtherly evaluated the impact of post-treatment renal
function related parameters on PFS in patients without RI at
baseline (n = 51). In these patients, elevated proteinuria level
after TKIs treatment was independently related to longer PFS
(p = 0.023). However, other Rl-related parameters had no
relationship with PFS in multivariate analysis (Table 3). In the
subgroup of patients with RI at baseline, the occurrence of RI
had no relationship with PFS (Supplementary Table 3).

The Impact of Pre- and Post-Treatment Renal Function
Related Parameters on OS

Among all 110 patients, 56 of them (50.9%) died of renal cell
carcinoma. Median OS time in the whole cohort was
30.0( +3.6) months. In univariate analysis, compared with
baseline renal function related parameters, post-TKIs treatment
renal function related parameters were correlated with OS
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Figure 3. Correlations between post-treatment renal function related parameters and OS of mMRCC treated with TKIs (n = 1 10). Kaplan-Meier

curves of different renal function related parameters in patients with normal renal function related parameters at baseline: (A) Relationship of
post-treatment eGFR level and OS; (B) Relationship of eGFR decreased >10% after TKIs treatment and OS; (C) Relationship of post-treatment
proteinuria level and OS; (D) Relationship of elevated roteinuria level after TKIs treatment and OS.

(Supplementary Table 2 and Figure 3). In multivariate analysis,
eGFR grade (p = 0.009), eGFR decrease >10% (p = 0.034),
proteinuria level (p < 0.001), as well as elevated proteinuria
level (p < 0.001) were identified as independent predictors for
patients’ OS (Table 2).

We furtherly evaluated the impact of post-treatment renal
function related parameters on OS in the subgroup of patients
without RI at baseline (n = 51). In these patients, post-treatment
eGFR (p = 0.004), eGFR decreased >10% (p = 0.012), protei-
nuria (p = 0.014) and elevated proteinuria level (p = 0.006)
were independently associated with OS (Table 3). In the sub-
group of patients with RI at baseline, only proteinuria level
elevated after TKIs treatment was independently associated
with longer OS (p = 0.002) (Supplementary Table 3).

The Relationship of Renal Impairment in Different IMDC
Risk Groups with Patients’ Prognosis

The median PFS of favorable-, intermediate- and poor-risk
groups were 20.0, 12.0, and 8.0 months, separately
(p 0.464). No relationship was found between
post-treatment renal impairment and PFS time in neither
favorable-, intermediate- or poor-risk group (Supplementary

Table 4). The median OS time of favorable-, intermediate- and
poor-risk groups were 41.0, 30.0, and 14.0 months, separately
(p = 0.007). No relationship was found between post-treatment
renal impairment and PFS time in the favorable-risk group. In
intermediate-risk group, patients with eGFR level > 60 ml/min/
1.73m? had significantly shorter OS time than those with eGFR
level 30-60 and <30 ml/min/1.73m? (19.0, 30.0 and
31.0 months, separately, p = 0.002) (Figure 4A). In addition,
patients with eGFR decreased > 10% than baseline had longer
OS time than those with eGFR decreased < 10% (30.0 vs 19.0,
p = 0.047) (Figure 4B). As for patients in the poor-risk group,
no relationship was found between post-treatment renal impair-
ment and PFS time. Patients with elevated proteinuria level
than baseline were indicated for longer OS time (25.0 vs 8.0,
p = 0.008) (Figure 4C). Other renal function parameters had no
relationship with OS.

The Occurrence of Early Renal Impairment
and Patients’ Prognosis
To evaluate the predictive value of early change (<1 year) of

renal function for patients’ prognosis, we furtherly analyzed the
relationship of renal function related parameters within one year
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Table 4. Multivariate Analysis of the Dynamic Change of Renal Function Within | Year and PFS and OS in mRCC Patients (n = 110).

PFS (0N
HR (95%Cl) P HR (95%Cl) P
BUN increase >10%
No vs Yes 1.337 (0.764-2.342) 0310 1.435 (0.790-2.608) 0.235
eGFR decrease >10%
No vs Yes 0.498 (0.270-0.920) 0.026* 0.474 (0.259-0.869) 0.016*
Elevated proteinuria
No vs Yes 0.866 (0.544-1.378) 0.543 1.151 (0.650-2.040) 0.630
BUN, blood, urea nitrogen; eGFR estimated glomerular filtrating rate.
*p < 0.05.
Post-treatment eGFR level (Intermediate-risk group) eGFR decreased >10% (Intermediate-risk group) Elevated proteinuria level (poor-risk group)
A C
ot ETwrrr - 20t 7302) ek
Il‘il.‘_._._._,_. e 30-80mM(min/1.73m"2) = w
E 0.4 b : o <30mblrin't.73mh2) % E
& ) @
g 0.4 P=0.002 H P=0.042 -
.‘E 0.44 -g. E-
& & &
0.24 0.24
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Figure 4. Correlations between post-treatment renal impairment and survival outcomes of mRCC patients in different IMDC risk groups
(n = 110). Kaplan-Meier curves of renal impairment in patients with different IMDC risk groups: (A) Relationship of post-treatment eGFR level
and OS in IMDC intermediate-risk group; (B) Relationship of eGFR decreased >10% after TKIs treatment and OS in IMDC intermediate-risk
group; (C) Relationship of elevated proteinuria level after TKIs treatment and OS in IMDC poor-risk group.

Dynamic Change of eGFR within 1 year Dynamic Change of eGFR within 1 year

Proportion of Survival
Proportion of Survival

PFS Time 0S Time (m)
Figure 5. Correlations between post-treatment eGFR level within | year and PFS and OS of mRCC treated with TKIs (n = | 10). Kaplan-Meier

curves of eGFR level within | year: (A) Relationship of post-treatment eGFR level within | year and PFS; (B) Relationship of post-treatment
eGFR level within | year and OS.

after TKIs treatment with PFS and OS. Inunivariate analysis, the =~ within one year was independently correlated with longer PFS
eGFR decreased >10% within one year was statistically related  time (p =0.026) and OS (p = 0.016) (Table 4). That is to say, the
to PFS (p = 0.039) and OS (p = 0.042) (Supplementary Table 5 dynamic change of eGFR after TKIs using could offer early
and Figure 5). In multivariate analysis, eGFR decreased >10%  prognostic information of patients.
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Relationship Between Pre- and Post-Treatment Renal
Function and Tumor Response

In the whole cohort, CR was observed in only 2 (1.8%), PR in
17 (15.5%), and SD in 57 (51.8%) patients, while 34 (30.9%)
patients underwent disease progression (PD). Patients with
BUN >7.1 mmol/L after TKIs treatment was tended to have
favorable ORR (p = 0.020), while lower post-treatment eGFR
was associated with higher DCR (p = 0.044). Other renal func-
tion related parameters, including both baseline and
post-treatment index, had no impact on tumor response (Sup-
plementary Table 6).

Discussion

Along with adequate anti-cancer efficacy by TKIs drugs, some
patients with mRCC would suffer from one or more types of
adverse events, including hypertension, fatigue, hand-and-foot
syndrome. Certain types of AEs, like hypertension, during
TKIs treatment, were found to be associated with patients’
survival outcomes.®'? In this study, we observed that the renal
function of mRCC patients was tended to deteriorate after
receiving TKIs treatment. In the meantime, both primary and
TKIs-induced hypertension was testified to be correlated with
the occurrence of post-treatment RI. Furthermore, we identi-
fied the predictive value for eGFR change within one year after
receiving targeted therapy for survival outcomes of patients.

Studies reported controversial results about how renal func-
tion changes after VEGFR-targeted therapy. Boursiquot et al'*
stated that the use of VEGF TKIs did not adversely affect
long-term renal function. On the contrary, Khan et al'® demon-
strated eGFR tended to decrease after sunitinib and sorafenib
treatment, and the median time from TKIs treatment to maxi-
mum renal function change was 6.6 months. Moreover, the role
of RI in mRCC patients with TKIs treatment remained contro-
versial. Accumulating evidence'®'® demonstrated that mRCC
patients with RI at baseline could equally benefit from sunitinib
and sorafenib treatment, with adequate monitoring of renal
function. However, Nouhaud et al'>1% found that renal function
impairment before treatment was significantly associated with
a longer median time to treatment failure and OS in mRCC
patients treated with TKIs. Moreover, Fukuda et al'’ reported
that eGFR decreasing >10% after TKIs treatment was indicated
for longer PFS and OS time. A similar result was reported by
Baek et al,'! who also stressed the impact of post-treatment
proteinuria on patients’ PFS. Our study supported that
TKI-induced RI was strongly related to better prognosis in
mRCC patients with TKIs treatment. Moreover, the dynamic
change of eGFR within 1 year was a predictive biomarker for
both PFS and OS time. In mRCC patients with TKIs treatment,
the monitoring of renal function was recommended during
treatment.

TKI-induced severe renal function damage was also associ-
ated with treatment modification. Baek et al'' stated that most
patients with proteinuria were asymptomatic, and it would be
resolved by drug discontinuation or dose reduction in 62% of

patients. Khan et al'® also reported a dose reduction in 52% and
treatment discontinued in 10% of patients secondary to toxicity
in patients with RI at the start of treatment. Fukuda et al'’
reported that, in 62 included patients, 77% of patients under-
went dose reduction or interruption, but only 5 patients were
caused by renal dysfunction. Most patients underwent treat-
ment modification because of other TKI-induced AEs, includ-
ing fatigue, hypertension, and hand-and-foot syndrome.’'°
However, none of these studies clarified in indication for treat-
ment modification due to renal toxicity, and no study was
performed to determine the standard management for
TKI-related renal toxicity.

Recently, in the treatment of mRCC patients, the immune
checkpoint inhibitors (ICIs) based therapy demonstrated favor-
able survival benefit and safety over TKIs, and gradually
became a superior option for the management of mRCC
patients.'®2! Axitinib was often combined with ICIs in the
treatment of mRCC.?**'In this study, we found that axitinib
was more likely to cause proteinuria than sunitinib during treat-
ment (42.5% was 20.0%). In a previous study, the incidence of
proteinuria after axitinib treatment was about 35.0% to
66.0%.%*% In the era of immune therapy, when combined with
ICIs, the dosage of axitinib was lower than it was used alone,
which could decrease the incidence of post-treatment protei-
nuria. However, there was still 17.5% of mRCC patients would
experience proteinuria during axitinib plus pembrozulimab
treatment.”® Thus, the monitoring of renal function was needed
in the era of ICIs therapy.

Several hypotheses have been proposed about the mechan-
ism of VEGF-TKI-induced renal dysfunction, and its relation-
ship with the anti-tumor process. Eremina et al** demonstrated
that VEGF-a decrease in podocytes and tubular cells resulting
in TKIs use would lead to dysfunction of the filtration barrier,
and caused proteinuria and endothelin. Izzedine et al*> also
reported the appearance of renal thrombotic microangiopathy,
mainly minimal change disease and/or collapsing-like focal
segmental glomerulosclerosis in TKIs-used patients.”® These
pathological changes happened at various times (from 1 day
to more than 2 years) and might be related to drug dosage.>”
Hypertension, proteinuria, and renal insufficiency were com-
mon manifestations of these changes.”® Renal function damage
alleviates after controlling hypertension. Studies in patients
with anti-VEGF agents suggested the ACEI and ARA use in
anti-VEGF-treated patients with proteinuria.?” ACEI drugs
were highly recommended in TKI-treated patients with hyper-
tension and proteinuria. Gatenby et al*’ found that serum urea
nitrogen would accumulate in RCC patients after cytoreductive
nephrectomy, which led to decreased system pH levels. Altera-
tions in systemic pH could decrease the pH level in the tumor
extracellular space and inhibit the outflow of the acid within
tumor cells, thus resulting in the accumulation of acid in the
tumor. This process contributes to tumor cell necrosis
altogether.

Limitations of this study included the small size of sam-
ple and retrospective data collection, which might contribute
to information and selection bias, as well as insufficient data
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for comprehensive analysis. Proteinuria level was tested by
a rapid urine protein test, which was less accurate compared
to the 24-hour urinary protein quantity test. What’s more,
due to the diversity of post-treatment follow-up, data were
not collected in the same period. Thus, the conclusion needs
further validation with a large-sample scale and prospective
studies.

Conclusion

TKI-induced RI could indicate for longer survival and better
tumor response, and provide valuable information for the indi-
vidual treatment of mRCC patients. Thus, routinely monitoring
of renal function, especially eGFR and proteinuria, was highly
recommended in mRCC patients with TKIs treatment.
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