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Immune checkpoint inhibitors further aggravate proteinuria in
patients with metastatic renal cell carcinoma after long-term
targeted therapy
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Background: Increasing number of patients with metastatic renal cell carcinoma (mRCC) are receiving
subsequent programmed cell death protein-1 (PD-1) inhibitor combination therapy following tyrosine-
kinase inhibitor (TKI) resistance. To explore whether PD-1 inhibitor would further deteriorate proteinuria
and renal function, we observed their proteinuria’s and renal function’s condition since the administration of
PD-1 inhibitor.

Methods: To assess the change in proteinuria and renal function, the data of 141 patients with mRCC
treated with TKI were collected, 66 of whom were further prescribed PD-1 inhibitor. Proteinuria and
estimated glomerular filtration rate (¢GFR) were measured and analyzed. Logistic regression models were
established to identify the predictors of proteinuria deterioration and significant eGFR decline (>15%).
Results: Of the 141 patients, 74 (52%) had an increase in proteinuria level after an average of 22.98 months
of TKI treatment. In multivariate analysis, longer duration of TKI (>12 months) and administration of PD-1
inhibitor were independent predictors for proteinuria deterioration. The median eGFR decreased from
81.56 mL/min/1.73 m’ to 66.75 mL/min/1.73 m’ after TKI treatment. Logistic regression identified older
age (>60 years old) and longer duration of TKI (>12 months) as independent predictors for significant eGFR
decline. Finally, of the 66 patients who received subsequent PD-1 inhibitor, 34 had sufficient proteinuria
and eGFR data at follow-up. The level of proteinuria increased further after the administration of PD-1
inhibitor, although the decrease in eGFR was not statistically significant (P=0.182). Log-rank analysis
identified proteinuria deterioration and eGFR decline were both significantly associated with patent’s survival
(P<0.001).

Conclusions: Targeted therapy was associated with an increase in proteinuria level and a decrease in eGFR
in patients with mRCC. The administration of PD-1 inhibitor contributed to exacerbation in proteinuria,

but no significant difference in a decrease of eGFR was observed.
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Introduction

Renal cell carcinoma (RCC), one of the most lethal urological
malignancies, accounts for 2.2% of all new cancer cases and
1.8% of cancer deaths around the world (1). Approximately
one-third of patients with RCC present initially with regional
or distant metastases (2) and a quarter eventually relapse or
progress to metastatic renal cell carcinoma (mRCC) after
nephrectomy (3).

Over the past decade, the treatment paradigm for
mRCC has been shifting and considerable progress has
been achieved (4). Tyrosine-kinase inhibitor (TKI) has
been considered as the standard systemic treatment drugs
for mRCC worldwide (5). TKI, such as sunitinib, axitinib,
pazopanib and sorafenib, has been shown to play a role
in vascular endothelial growth factor receptor signaling
pathway (6). All of these agents share similar side effects,
one of which is nephrotoxicity. TKI agents can cause
damage to the microvasculature glomerulus, tubules and
interstitium, leading to adverse events such as including
proteinuria (7). As a direct marker of nephrotoxicity
associated with TKI therapy, proteinuria has been shown
to be a common adverse event in several clinical trials
(8-10). However, whether proteinuria is associated with
renal function deterioration or whether the glomerular
filtration rate decline significantly after TKI therapy is still
controversial.

Programmed cell death protein-1 (PD-1) inhibitor is
one of the newest classes of drugs that effectively overcome
cancer cell resistance by allowing the host immune cells to
identify and eliminate tumor cells (11). It has been confirmed
that PD-1 inhibitor has a better efficacy and overall survival
for mRCC (12). However, while PD-1 inhibitor has
greatly improved the prognosis of many cancers, kidney
lesions of these agents resulting in acute kidney injury and/
or proteinuria have been described (13), especially the
acute tubulointerstitial nephritis (14). Increasing number
of patients with long-term TKI treatment have begun to
receive subsequent PD-1 inhibitor combination therapy after
drug resistance. Thus, it is worth exploring whether their
proteinuria and renal function will deteriorate further due to
the administration of PD-1inhibitor.

We conducted a retrospective study to assess the change
of proteinuria and renal function in mRCC patients who
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received a long-term TKI treatment and some underwent
subsequent PD-1 therapy. We also explored the associated
predictors for proteinuria deteriorate and significant
estimated glomerular filtration rate (¢GFR) decline in these
patients cohort.

We present the following article in accordance with
the STROBE reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-21-1015/rc).

Methods
Data sources

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Sun Yat-sen University Cancer Center (No.
sZR2020-091) and individual consent for this retrospective
analysis was waived. We retrospectively reviewed the clinical
data from 380 patients with mRCC who were all treated
with TKI from February 2010 to June 2020 at Sun Yat-sen
University Cancer Center.

Data collection

Prior to TKI treatment, all patients were assessed for
Karnofsky performance status (KPS), International
Metastatic Renal-Cell Carcinoma Database Consortium
(IMDQC) risk classification, proteinuria, and renal function.
IMDC risk classification is a prognostic model for mRCC
patients, including six prognostic factors (anaemia,
hypercalcaemia, thrombocytosis, neutrophilia, KPS <80,
and <I year from diagnosis to first-line targeted therapy).
Subsequently, the TKI drug efficacy and adverse events
of patients were assessed in regular outpatient follow-up.
Finally, a total of 141 patients who underwent proteinuria
testing and renal function tests at least twice during their
follow-up period were included. Among them, 65, 39, 27
and 10 patients received sunitinib, axitinib, pazopanib, and
sorafenib as a first-line TKI agent, respectively. Further, 11,
37,7, 2 and 5 were further treated with sunitinib, axitinib,
pazopanib, sorafenib, and everolimus, respectively, as a
second-line agent. There were 66 patients who received
PD-1 therapy after long-term TKI treatment, however,
only 34 of them had proteinuria testing and renal function
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test at least twice at the PD-1 phase were further analyzed
for proteinuria deterioration and eGFR decline. Patients’
survival was defined as the time from the initiation of TKI
treatment to the date of death as a result of any cause or was
censored at the date of last follow-up.

Renal function assessment

At each outpatient follow-up, qualitative results of
proteinuria were tested by the protein error method using
a dipstick and scored as -, £, 1+, 2+, 3+, and 4+. According
to the Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0 (15), proteinuria grade was classified
as grade O (- or %), grade 1: (1+), grade 2 2+ and 3+) and
grade 3 (4+). Proteinuria aggravation was defined as an
upgrade in the maximum level of proteinuria after TKI
dosing compared with baseline. Renal function tests
included serum creatinine (SCr), blood urea nitrogen
(BUN), and cystatin C (CYSC). SCr peak value was
chosen to reflect renal function at TKI therapy stage. The
eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration formula (16). A drop of more
than 15% in eGFR after treatment was considered as a
significant decline in renal function.

Statistical analysis

All the statistical analyses were conducted using the SPSS
software, version 24.0 (SPSS Inc., Chicago, IL, USA). The
Wilcoxon signed-rank test was used in two sets of related
samples. As for three sets of related samples, the Friedman
test was first used to analyze whether there was a difference
in the data and the Nemenyi test was performed in pairwise
comparison (17) Two binary logistic regression models were
established to analyze the proteinuria aggravation and the
renal function decline. All predictors were evaluated by
univariate analysis, then those with significant results were
included for multivariable analysis. Log-rank analysis was
used to analyse the association between renal impairment
and survival of patients after TKI treatment. All tests
were two-tailed and P<0.05 was considered statistically
significant.

Results

Patients characteristics

The data of 141 patients treated with TKI for mRCC
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were used for this study. The average age of the included
patients was 50.10 years (standard deviation, SD: 13.56)
and 107 (76%) patients were male. The KPS scores of
105 (74%) patients were >80. Thirty-six (26%) patients
had hypertension and 20 patients were on long-term
hypertension medications. The IMDC risk was classified
as favorable for 23 patients (16%), intermediate for 70
(50%), and poor for 48 (34%). Eighty patients had more
than one metastatic lesion. The lymph node (54%) was
the most frequent metastatic site followed by the lungs
(45%), bones (36%), liver (7%), colon (4%) and pancreas
(3%). Throughout the treatment period, more than half
of the patients received sunitinib (52%) and axitinib
(53%), a quarter was treated with pazopanib and few
(8%) were treated with sorafenib. The average duration
of TKI treatment was 22.98 months (SD: 17.60). PD-1
inhibitor was administered in 66 patients (47%) after a
long-term TKI treatment. The detailed clinicopathological
information and baseline renal function of the patients are
listed in Table 1.

Proteinuria changes during TKI treatment

The change in proteinuria level in 141 patients with TKI
treatment is shown in Figure 1. Most patients (119/141,
84%) had negative proteinuria at baseline. However, during
the TKI therapy stage, the level of proteinuria changed
dramatically, leading to 53 (38%) patients being classified
as grade 0, 57 (40%) as grade 1, 18 (13%) as grade 2 and
13 (9%) as grade 3. A total of 74 (52.48%) patients during
the TKI therapy stage had proteinuria aggravation, among
which 45 (32%), 20 (14%), and 9 (6%) patients had 1, 2, and
3 levels increase of proteinuria from baseline, respectively.
Uni- and multivariate analysis were then performed to
investigate the parameters associated with proteinuria
aggravation, which was defined as an upgrade in the
maximum level of proteinuria after TKI dosing compared
with baseline (Table 2). Univariate analysis identified that
poor IMDC classification [odds ratio, OR: 2.59, 95%
confidence interval (CI): 1.03-6.52], longer duration of
TKI (OR: 3.11, 95% CI: 1.52-6.34), and administration
of PD-1 inhibitor (OR: 3.70, 95% CI: 1.59-8.63) were
significant predictors for proteinuria aggravation. However,
when the three significant predictors were incorporated
into multivariate analyses, only longer duration of TKI
(OR: 2.54, 95% CI: 1.18-5.46) and administration of
PD-1 inhibitor (OR: 2.56, 95% CI: 1.04-6.31) were still
associated with proteinuria aggravation.
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Table 1 Baseline characteristic

Variables All patients (n=141)
Age, mean + SD 50.10+13.56
Male, n (%) 107 (0.76)
Clear cell carcinoma, n (%) 103 (0.73)
KPS >80, n (%) 105 (0.74)
Hypertension, n (%) 36 (0.26)
Hypertension medication, n (%) 20 (0.14)
Diabetes, n (%) 10 (0.07)
Resection of primary lesion, n (%)
Partial nephrectomy 20 (0.14)
Radical nephrectomy 91 (0.65)
IMDC classification, n (%)
Favorable 23 (0.16)
Intermediate 70 (0.50)
Poor 48 (0.34)
Tumor metastasis site, n (%)
Bone 51 (0.36)
Liver 10 (0.07)
Lung 63 (0.45)
Lymph node 76 (0.54)
Colon 6 (0.04)
Pancreas 4 (0.03)
Types of TKI, n (%)
Sunitinib 74 (0.52)
Axitinib 75 (0.53)
Pazopanib 35 (0.25)
Sorafenib 12 (0.08)
Duration of TKI, months, mean + SD 22.98+17.60
The administration of PD-1inhibitor, n (%) 66 (0.47)
Baseline renal function, median (IQR)
eGFR, mL/min/1.73 m 81.56 (36.74)
SCr, mmol/L 90.35 (38.33)
BUN, mmol/L 6.00 (2.87)
CYSC, mg/L 1.08 (0.40)

SD, standard deviation; KPS, Karnofsky performance status;
IMDC, International Metastatic Renal-Cell Carcinoma; TKI,
tyrosine kinase inhibitor; PD-1, programmed cell death protein
1; IQR, inter quartile range; eGFR, estimated glomerular filtration
rate; SCr, serum creatinine; BUN, blood urea nitrogen; CYSC,
cystatin C.
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Figure 1 Change of proteinuria level in 141 patients after
tyrosine-kinase inhibitor (TKI) treatment. The level of proteinuria
significantly increased after TKI treatment comparing with
baseline.

eGFR changes during TKI treatment

Next, we analyzed the change in renal function before and
after the initiation of TKI. As shown in Figure 2, there was
a significant alteration in renal function, with a decrease in
median eGFR from 81.56 mL/min/1.73 m> AQR: 36.74) at
baseline to the nadir of 66.75 (IQR: 41.68) mL/min/1.73 m’
after TKI treatment. In addition, the median SCr, BUN,
CYSC increased from 90.35 mmol/L (IQR: 38.33),
6.00 mmol/L (IQR: 2.87), 1.08 mg/L (IQR: 0.40) at baseline
to peak of 106.65 mmol/L (IQR: 50.98), 6.20 mmol/L
(IQR: 3.68), 1.13 mg/L (IQR: 0.54), respectively. There
were 72 (51.06%) patients with significant renal function
decline which was defined as a decline in eGFR of more
than 15%. Subsequently, binary logistic regression analysis
was performed to identify the predictors of significant renal
function decline (7zble 3). In univariate analysis, older age
(OR: 3.56, 95% CI: 1.63-7.90), hypertension (OR: 2.81,
95% CI: 1.25-6.28), longer duration of TKI (OR: 2.68,
95% CI: 1.32-5.45), abnormal baseline CYSC (OR: 1.94,
95% CI: 0.98-3.81) were determined as predictors for
significant renal function decline. Multivariate analysis
identified older age (OR: 2.91, 95% CI: 1.24-6.84), and
longer duration of TKI (OR: 2.79, 95% CI: 1.32-5.92) as
independent predictors for renal function decline after the
initiation of TKI.
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Table 2 Uni- and multivariate analyses of several factors predicting an increase of the level of proteinuria in 141 patients with TKI treatment

Variables

Univariate analysis

Multivariate analysis

QOdds ratio (95% Cl)

P value

Odds ratio (95% Cl) P value

Age (<60 vs. >60)

Gender (male vs. female)

Hypertension (no vs. yes)

Hypertension medication (no vs. yes)
IMDC classification (favorable vs. others)
KPS (=80 vs. <80)

Resection of primary lesion (no vs. yes)
Type of nephrectomy (radical vs. partial)
Tumor metastasis (1 vs. =2)

The type of TKI (axitinib vs. others)

Duration of TKI, months (<12 vs. >12)

The administration of PD-1 inhibitor (no vs. yes)

Baseline eGFR, mL/min/1.73 m’ (=60 vs. <60)

Baseline SCr, mmol/L (<97 vs. >97)
Baseline BUN, mmol/L (<8.0 vs. >8.0)
Baseline CYSC, mg/L (=1.03 vs. >1.03)

1.33 (0.63-2.78)
0.64 (0.30-1.40)
0.84 (0.28-2.45)
0.74 (0.20-2.72)
2.59 (1.03-6.52)
1.37 (0.64-2.95)
1.56 (0.72-3.39)
0.95 (0.25-3.55)
0.56 (0.28-1.10)
0.83 (0.43-1.61)
3.11 (1.52-6.34)
3.70 (1.59-8.63)
1.19 (0.50-2.83)
1.35 (0.69-2.66)
1.19 (0.50-2.83)
0.84 (0.43-1.64)

0.45
0.26
0.74
0.65
0.04
0.42
0.26
0.94
0.10
0.83
0.002
0.002
0.70
0.38
0.70
0.61

2.41 (0.92-6.33) 0.07

2.54 (1.18-5.46) 0.02
2.56 (1.04-6.31) 0.04

IMDC, International Metastatic Renal-Cell Carcinoma; KPS, Karnofsky performance status; TKI, tyrosine kinase inhibitor; PD-1,
programmed cell death protein 1; Cl, confidence interval; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; BUN, blood

urea nitrogen; CYSC, cystatin C.

Renal function during immunotherapy

"To explore the effect of administration of PD-1 inhibitor
on proteinuria and renal function, we further analyzed the
thirty-four patients who had at least 2 times proteinuria
and renal function testing during their PD-1 inhibitor
treatment phase. As shown in Figure 3, the proteinuria level
of 27 (79%) patients was negative and only 7 (21%) had
grade 1 proteinuria at baseline. After TKI treatment, the
proteinuria level of 10 (29%) patients was increased, among
which 6 (18%), 3 (9%), 1 3%) increased by 1, 2, 3 grades
from baseline, respectively. As a result, in the TKI therapy
phase, 19 (56%), 11 32%), 2 (6%) and 2 (6%) patients had
grade 0, 1, 2 and 3 proteinuria, respectively. Furthermore,
proteinuria was aggravated by the administration of PD-1
inhibitor, represented by 50% (17/34) patients who presented
with proteinuria aggravation in the immunotherapy phase.
Specifically, the proteinuria of 10 (29%), 5 (15%), 2 (6%)
patients increased by 1, 2, 3 grades from the TKI therapy

© Translational Andrology and Urology. All rights reserved.

phase, respectively. In the end, 27 (80%) patients had positive
proteinuria including 16 (47%) grade 1, 7 (21%) grade 2,
and 4 (12%) grade 3 in the PD-1 inhibitor therapy phase.
Figure 4 shows the change in renal function of 34 patients
who received PD-1 inhibitor after long-term TKI. Their
eGFR dropped significantly from 77.30 mL/min/1.73 m’
(IQR: 43.71) at baseline to 73.24 mL/min/1.73 m* (IQR:
31.70) in the TKI phase (P<0.001). However, the decrease
in eGFR seemed to be mild and was not statistically
significant after the administration of PD-1 inhibitor
(73.24 mL/min/1.73 m” vs. 66.93 mL/min/1.73 m?,
P=0.182).

Survival and side effect

After a 19.43 (8.37-22.32) months follow-up in 141
patients treated with TKI, we found 103 (73%) patients
discontinued treatment or changed the type of TKI. Forty-
nine (35%) patients had adverse reactions including renal
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Figure 2 The change of clinical serum marker of renal function in 141 patients after tyrosine-kinase inhibitor (TKI) treatment. After TKI
treatment, estimated glomerular filtration rate (¢GFR) decreased (A), while serum creatinine (SCr), blood urea nitrogen (BUN), cystatin C

(CYSQC) all increased (B-D).

impairment, hand-foot syndrome, nausea, vomiting,
diarrhea, thrombopenia and hypoleukocytosis. Sixteen
(11%) patients stopped treatment due to severe renal
impairment. Besides, of the 36 patients treated with PD-1
inhibitors, 4 patients forced to stop taking immunotherapy
and received corticosteroids due to suspected acute
interstitial nephritis. Forty-three (30%) patients died
because of drug-resistance and tumor progression. Log-
rank analysis showed the proteinuria increase (HR: 2.99,
95% CI: 1.96-5.46) and eGFR decline (HR: 2.50, 95% CI:
1.36-4.58) were both significantly associated with patients’
survival (Figure 5).
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Discussion

The widespread use of TKI significantly increased the
survival time of late-stage renal cancer patients (18).
However, the long-term treatment-related side effects are
not uncommon and, in some cases, may result in patient
death (19). Vascular endothelial growth factor inhibitor-
related nephrotoxicity has been reported in several kinds of
cancer (20,21). However, in renal cancer patients, higher
grade nephrotoxicity seems to be more common as the
renal reserve is reduced due to previous nephrectomy.
Although most studies reported an increase in the incidence

of proteinuria, whether eGFR decline after TKI therapy is
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Table 3 Uni- and multivariate analyses of several factors predicting a 15% drop in eGFR in 141 patients with TKI treatment

Variables

Univariate analysis

Multivariate analysis

Odds ratio (95% Cl)

P value

Odds ratio (95% Cl)

P value

Age (< 60 vs. >60)

Gender (male vs. female)

Hypertension (no vs. yes)

Hypertension medication (no vs. yes)
IMDC classification (favorable vs. others)
KPS (=80 vs. <80)

Resection of primary lesion

Type of nephrectomy (radical vs. partial)
Tumor metastasis (1 vs. =2)

The type of TKI (axitinib vs. others)

Duration of TKI, months (=12 vs. <12)

The administration of PD-1 inhibitor (no vs. yes)

Baseline eGFR, mL/min/1.73 m’ (=60 vs. <60)

Baseline SCr, mmol/L (<97 vs. >97)
Baseline BUN, mmol/L (<8.0 vs. >8.0)
Baseline CYSC, mg/L (<1.03 vs. >1.03)

3.56 (1.63-7.90)
0.69 (0.32-1.51)
2.81 (1.25-6.28)
1.75 (0.71-4.33)
1.17 (0.48-2.86)
0.70 (0.33-1.50)
1.44 (0.66-3.14)
0.59 (0.23-1.56)
1.02 (0.52-1.98)
0.58 (0.30-1.13)
2.68 (1.32-5.45)
0.61 (0.27-1.40)
1.27 (0.53-3.04)
0.93 (0.48-1.82)
1.05 (0.44-2.49)
1.94 (0.98-3.81)

0.001
0.35
0.01
0.22
0.73
0.36
0.35
0.29
0.96
0.11

0.006
0.24
0.59
0.83
0.92
0.05

2.91 (1.24-6.84)

2.12 (0.89-5.04)

2.79 (1.32-5.92)

1.55 (0.75-3.24)

0.01

0.09

0.007

0.24

IMDC, International Metastatic Renal-Cell Carcinoma; KPS, Karnofsky performance status; TKI, tyrosine kinase inhibitor; PD-1,
programmed cell death protein 1; Cl, confidence interval; eGFR, estimated glomerular filtration rate; SCr, serum creatinine; BUN, blood

urea nitrogen; CYSC, cystatin C.
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Figure 3 Change of proteinuria level in 34 patients with tyrosine-
kinase inhibitor (TKI) and administration of programmed cell
death protein 1 (PD-1) inhibitor combined treatment. After TKI
treatment, proteinuria level increased. However, the administration

of PD-1 inhibitor would lead to further proteinuria deterioration.
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still contradictory. In recent years, the use of PD-1 inhibitor
has further extended the survival time of those patients,
however, few studies have focused on assessing the renal
function after PD-1 inhibitor administration. The current
study reported a change in proteinuria and eGFR in a group
of 141 mRCC patients with long-term use of TKI and in
those receiving subsequent PD-1 inhibitor. These results
may provide evidence for decision marking by physicians in
clinical practice.

In this current study, the TKI agents were found to have
significant nephrotoxicity in 141 patients, as not only the
proteinuria but also the eGFR were observed to deteriorate.
Specifically, 52.48% of patients experienced an increase in
proteinuria level and 22.70% were up to >2+ protein level.
More importantly, the eGFR also showed a significant
decrease from 81.56 mL/min at baseline to 66.75 mL/min
after TKI treatment, and 51.06% of patients experienced
an eGFR decreased by >15%. However, in a study of 65
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Figure 4 The change of clinical serum marker of renal function in 34 patients with tyrosine-kinase inhibitor (TKI) and administration of
programmed cell death protein 1 (PD-1) inhibitor combined treatment. Estimated glomerular filtration rate (eGFR) declined after TKI
treatment, while the decrease of eGFR was not significant after administration of PD-1 inhibitor (A). The change of serum creatinine (SCr),
blood urea nitrogen (BUN), cystatin C (CYSC) didn’t reach significant level (B-D).
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Figure 5 Log-rank analysis of the association between renal impairment and patients’ survival in 141 patients after tyrosine-kinase inhibitor
(TKI) treatment. Either increase of proteinuria and decline of estimated glomerular filtration rate (¢GFR) were both independent prognostic
markers of overall survival.
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patients treated with sunitinib, proteinuria was found
to aggravate while the eGFR remained stable (22). The
main reason for the inconsistency could be the relatively
short follow-up time in that study. Other reports with
longer follow-up time all also supported that eGFR indeed
declined after long-term TKI therapy in mRCC patients.
For instance, sunitinib was shown to be associated with an
all-grade creatinine increase in 70% of mRCC patients (23).
The median relative change in the eGFR from baseline
to the nadir during sunitinib therapy was 21% in an Asian
mRCC cohort (24). It is worthwhile to notice that severe
renal failure may happen after TKI treatment, which
can ultimately lead to patient death (25). Thus, regular
proteinuria and eGFR monitoring are compulsory during
TKI treatment.

The incidence of all-grade proteinuria (62%) and high-
grade (>3) proteinuria (9%) were found higher in this study
compared to Western study (13% for all-grade proteinuria
and 3% for high-grade proteinuria, respectively) (26),
but in an analogous Japanese study it was 58% for all-
grade proteinuria and 5% for high-grade proteinuria,
respectively (27). It seems that Asian populations could
more easily experience proteinuria during the TKI
treatment period. In a study of 1392 mRCC patients, Asian
ethnicity was defined as a significant independent predictor
of proteinuria (28). Consequently, treatment-related
nephrotoxicity in Asians could be of greater concern, and
proteinuria and eGFR monitoring should be more frequent
in such populations.

Our study also explored predictors for proteinuria
deterioration and eGFR decline. TKI used for greater than
one year was defined as an independent predictor for both
proteinuria deterioration and significant eGFR decline.
This result is consistent with previous literature. Rini ez /.
reported a group of 108 mRCC patients treated with
axitinib and found that proteinuria and serum creatinine
both deteriorated (19). It is interesting to notice that
hypertension was an independent predictor for eGFR
decline >15%. Theoretically, proteinuria is a risk factor for
cardiovascular events and clearly plays a pathogenic role in
renal function loss (29). However, the relationship between
proteinuria and progression of renal impairment has not
been proved in previous reports. The main reason is that
TKI treatment is often stopped after the appearance of
proteinuria in clinical trials. However, in real-world data,
the long-term persistent proteinuria may finally lead to
significant eGFR decline (30).

Our study highlights that the administration of PD-1
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inhibitor was independently associated with proteinuria
aggravation in multivariate analysis. As shown in Figure 3,
in 34 patients who used TKI monotherapy followed by
TKI plus PD-1 inhibitor combined therapy after disease
progression, a step deterioration of proteinuria could
be observed. Although the mechanism of TKI induced
proteinuria is well defined (31), the reasons leading to
proteinuria deterioration after adding PD-1 inhibitor
remain to be clarified. As PD-1 inhibitor can cause
acute tubulointerstitial nephritis (32), it may also lead to
glomerulus damage through activation of immune cells.
However, the addition of PD-1 inhibitor did not aggravate
the decrease in eGFR in our study. This could be possibly
due to the limited patient cohort.

There are some limitations of this present study worth
mentioning. First, the 141 patients with different TKI
agents and pathological types of tumors had certain
heterogeneity, as different pathological types of tumors
showed different TKI agents sensitivity. Second, some
independent predictors identified in other studies such
as diabetes and blood pressure (28) were not included
in our analysis because of the lack of data, and thus
their significance could not be assessed. Third, as a
retrospective study, the management of proteinuria was not
homogeneous. On the other hand, this study represents
real-world data and the findings may be more practically
and clinically oriented. Forth, urine albumin creatinine
ratio, which is considered as a more reliable parameter to
assess proteinuria, is unavailable in the current study due to
its retrospective design. In further studies, we will routinely
test urine albumin creatinine ratio to evaluate proteinuria.

Conclusions

Targeted therapy can lead to an increase in proteinuria
level and a decrease in eGFR in patients with mRCC. The
administration of PD-1 inhibitor may lead to an exacerbation
in proteinuria, although the decrease in eGFR did not
reach a statistical difference. Our results suggest that active
renal function monitoring should be performed especially
in patients who have been scheduled for PD-1 inhibitor or
underwent TKI therapy for more than one year.
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