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Acute kidney injury in cancer patients
receiving anti-vascular endothelial growth
factor monoclonal antibody vs.immune
checkpoint inhibitors: a retrospective real-
world study
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Abstract

Background Anti-vascular endothelial growth factor monoclonal antibody (anti-VEGF) or immune checkpoint
inhibitors (ICls) combined with chemotherapy are commonly administered to cancer patients. Although cancer
patients receiving anti-VEGF or ICls have been reported to experience an increased risk of acute kidney injury (AKI),
comparative studies on the AKl incidence have not been evaluated.

Methods Cancer patients receiving anti-VEGF or ICls were retrospectively selected from the hospital information
system of the First Affiliated Hospital of Wenzhou Medical University between Jan, 2020 and Dec, 2022 and were
divided into two groups according to the treatment regimen: anti-VEGF group and ICls group. The baseline
characteristics were propensity-score matched. The primary outcome was sustained AKI. A comparison of cumulative
incidence of sustained AKI was performed by Kaplan-Meier curves and log-rank test. Risks for outcomes were assessed
using Cox proportional regression.

Results A total of 1581 cancer patients receiving anti-VEGF (n=696) or ICls (n=2885) were included in the primary
analysis. The ICls group had a higher cumulative incidence of sustained AKI within one year than the anti-VEGF
group (26.8% vs. 17.8%, P<0.001). Among 1392 propensity score matched patients, ICls therapy (n =696) was
associated with an increased risk of sustained AKI events in the entire population (HR 2.0; 95%Cl 1.3 to 2.5; P=0.001)
and especially in those with genitourinary cancer (HR 4.2; 95%Cl 1.3 to 13.2; P=0.015). Baseline serum albumin level
(>35 g/l) was an important risk factor for a lower incidence of sustained AKl in the anti-VEGF group (HR 0.5; 95%Cl 0.3
t0 0.9; P=0.027) and the ICls group (HR 0.3; 95%C| 0.2 to 0.5, P<0.001).

Conclusions Among cancer patients in this real-world study, treatment with ICls increased incidence of sustained
AKl'in one year. Baseline serum albumin level was an important risk factor for sustained AKI. The risk factors for
sustained AKI differed between the anti-VEGF group and the ICls group.
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Trial Registration The study has been registered at ClinicalTrials.gov (NCT06119347) on 11/06/2023.
Keywords Anti-vascular endothelial growth factor monoclonal antibody (anti-VEGF), Immune checkpoint inhibitors

(ICls), Acute kidney injury (AKI).

Introduction

Anti-vascular endothelial growth factor monoclonal
antibody (anti-VEGF) or immune checkpoint inhibitors
(ICIs) combined with chemotherapy have been approved
for advanced cancer because of their substantial improve-
ments in survival compared with chemotherapy alone
[1-6]. Although combination therapy is effective in pro-
longing the overall survival of cancer patients, it is nec-
essary to optimize drug selection for patients’ long-term
quality of life considering the potential adverse effects
of chemotherapy. Drug nephrotoxicity is particularly
important because the kidney is one of the most vulner-
able organs. Anti-VEGF and ICIs may increase the risk
of acute kidney injury (AKI) [7-10]. However, no prior
studies directly comparing anti-VEGF vs. ICIs have been
published with adverse events of AKI as the primary end
point. As a result, the long-term adverse events of AKI
between cancer patients receiving anti-VEGF and ICIs
remains unclear. To address this question, this large
real-world cohort study was designed to compare the
AKI events among cancer patients receiving anti-VEGF
vs. ICIs. The primary aim of this study was to determine
whether the choice between anti-VEGF and ICIs affects
the incidence of AKI and to find the risk factors of AKI in
these patients.

Materials and methods

Study design and setting

This study was a retrospective cohort analysis of
patients with malignancies treated with anti-VEGF or
ICIs between Jan 2020 and December 2022. The pri-
mary event of sustained AKI in cancer patients receiv-
ing anti-VEGF (Bevacizumab) was compared with that
of the patients with ICIs (Pembrolizumab, Sintilimab,
Toripalimab, Camrelizumab or Tislelizumab). The study
was approved by the Ethics Committee (Issuing Number
KY2023-R206) of the First Affiliated Hospital of Wen-
zhou Medical University. Trial Registration: The study
was registered at ClinicalTrials.gov (NCT06119347) on
11/06/2023.

Data sources

The hospital information system (HIS) of the First Affili-
ated Hospital of Wenzhou Medical University contains
over 6 million longitudinal patient records, and includes
over 50 million follow-up records from 2004 to 2022. The
following variables related to patient demographics and
therapy administration were collected: age, sex, cancer
type, Anti-VEGF and ICIs type and dose, and therapy

start and end dates. The first day of patients receiving
Anti-VEGF or ICIs was defined as index date. The fol-
lowing baseline data were abstracted from the HIS of our
hospital: baseline characteristics and serum creatinine
(Scr) data, comorbidities that may influence the devel-
opment of AKI (chronic kidney disease, hypertension,
diabetes, hypovolemia, infections), potential nephro-
toxic medications received while on ICIs therapy, and the
last date of available follow-up. A computer algorithm
was used to obtain baseline Scr (i.e., the measurement
obtained closest to, but prior to the date of first anti-
VEGF or ICIs dose). The algorithm also provided peak
Scr values during the 365-day period following the first
anti-VEGF or ICIs dose. All Scr data obtained from the
algorithm were then reviewed manually and verified.

Participants’inclusion and exclusion

Participants’ inclusion criteria included age>20 year, a
diagnosis of cancer within 12 months before the index
date (In situ biopsy was not required, since patients may
receive a diagnosis from a biopsy of a metastatic site),
receiving Anti-VEGF or ICIs therapy, index date between
Jan 2020 and December 2022. Exclusion criteria included
patients without valid data, with less than 3 months
follow-up, without baseline Scr value within 12 months
before the index date, with combination therapy of Anti-
VEGF and IClIs, and with chronic renal failure.

Definition

AKI was defined as an elevation of >1.5 times baseline
Scr according to the Kidney Disease Improving Global
Outcomes (KDIGO) Scr criteria [11]. Sustained AKI
means the Scr remains>1.5 times the baseline for at least
72 h [7]. The severity of AKI was defined by the KDIGO
staging criteria as follows: Stage 1, Scr increase to 1.5~2
fold of baseline; Stage 2, Scr increase to 2 ~ 3 fold of base-
line; and Stage 3, Scr increase to =3 fold of baseline or
an absolute increase of 24.0 mg/dl or initiation of renal
replacement therapy [11].

Study outcome
The primary endpoint was the time to the first occur-
rence of the event endpoint of sustained AKIL.

Statistical analysis

Propensity score matching was used to balance the dif-
ference in baseline characteristics between patients who
received Anti-VEGF versus those who received IClIs.
One-to-one nearest neighborhood caliper matching was
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used to match patients based on the logit of the pro-
pensity score using a caliper equal to 0.2 of the standard
deviation of the logit of the propensity score. The stan-
dardized mean difference (SMD) was used to assess the
balance of each baseline covariate between the groups
before and after propensity-score matching. SMDs
were defined as follows: 0.2, small; 0.5, medium; and
0.8, large. Continuous variables with a normal distribu-
tion were expressed as meanststandard deviation (SD)
and compared using Student’s t-test. Categorical vari-
ables were expressed by proportions and tested using
the chi-square test. Those with skewed distribution
were expressed as median and IQR and tested using the
Mann-Whitney U-test. The incidence of the primary
outcome was expressed using cumulative incidence
functions. Comparison of the primary outcome was per-
formed by Kaplan-Meier curves and log-rank test. Cox
proportional hazard regression models were performed
to estimate hazard ratios and confidence intervals. To
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test for heterogeneity by subgroups, the Cox models were
adjusted to an interaction term of the two groups with
the baseline subgroups. P<0.05 was considered statisti-
cally significant. Data were analyzed using the SPSS ver-
sion 22 (SPSS, Inc., USA) or R version 4.2.1 (R Core Team
(2022)).

Results

Patient characteristics

Between Jan 2020 and December 2022, 1351 and 2449
cancer patients initiated anti-VEGF and ICIs, respec-
tively. Eventually, 1581 patients were enrolled, of whom
696 and 885 patients received anti-VEGF and ICIs
respectively. After propensity score matching, there were
696 patients in the ICIs group included in the analysis
(Fig. 1). The most common cancers included lung, diges-
tive and genitourinary cancers. Hypertension and infec-
tion were the most frequent comorbidities in the two
cohorts.

Patients receiced AntiVEGF or ICls from 01/01/2020 to 12/31/2022
(N=3800)

during followup (ICls, n=88)

L |
AntiVEGF (n=1351) ICls (n=2449)
T Exclusion: Followup < 3 months
l (AntiVEGF, n=631; ICls, n=1414) l
AntiVEGF (n=720) ICls (n=1035)
Exclusion: Patients without baseline Scr
> | value within 12 mon before index data | <
(AntiVEGF, n=23; ICls, n=62)
AntiVEGF (n=697) ICls (n= 973)
\ Exclusion: IClIs combination of antiVEGF
_— _—

AntiVEGF (n=697)

ICIs (n=885)

l Exclusion: CRF with dialysis

| § 7| (AntiVEGF, n=1) l

AntiVEGF (n=696) ICls (n=885)
l Propensity score matching 1

AntiVEGF (n=696)

ICIs (n=696)

Fig. 1 Description of patients'selection. AntiVEGF: anti-vascular endothelial growth factor monoclonal antibody; ICls, immune checkpoint inhibitors; CRF,

chronic renal failure
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After propensity score matching, the two groups were
well balanced with SMDs less than 0.20 for most main
clinical characteristics (Table 1). There were no signifi-
cant differences in cancer stages between the anti-VEGF
group and the ICIs group before and after PS matching
(Supplementary Table 1).

Primary outcome ITT analyses

A total of 206 (13.0%) cancer patients developed sus-
tained AKI following the initiation of anti-VEGF or ICIs
therapy. Before propensity score matching, the respective
event rates of sustained AKI were 10.6% vs. 14.9% in can-
cer patients receiving anti-VEGF vs. ICIs, most of which
were AKI-1 stage (8.2% vs. 12.7%). After propensity score

Table 1 Baseline characteristics before and after PS matching
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matching, there were 103 sustained AKI episodes (14.7%)
in patients receiving ICIs, the majority being of mild
severity (AKI-1 stage:12.2%) (Table 2). Compared with
the anti-VEGF group, the ICIs group had a higher cumu-
lative incidence of sustained AKI in one year before PS
matching (26.8% vs. 17.8%, P<0.001) or after PS match-
ing (26.1% vs. 17.8%, P<0.001) (Fig. 2). ICIs therapy
was associated with an increased risk of sustained AKI
events in the entire population (HR 2.0; 95%CI 1.3 to 2.5;
P=0.001) and especially in those with genitourinary can-
cer (HR 4.2; 95%CI 1.3 to 13.2; P=0.015) after propensity
score matching (Fig. 3). Similar findings were observed
before propensity score matching, where the HR was
1.7 (95% CI 1.3-2.3, P<0.001) and 4.3 (95%CI 1.4-12.9,

Characteristic antiVEGF Before PS Matching After PS Matching B
ICIs Overall SMD ICIs Overall SMD

N 696 885 1581 696 1392

Male, n(%) 350 (50.3) 732 (82.7) 1082 (68.4) 0.731 563 (80.9) 913 (65.6) 0.68

Age <60 year, n(%) 264 (37.9) 299 (33.8) 563 (35.6) 0.087 258 (37.1) 522 (37.5) 0.018

age, mean (SD) 62.0(10.3) 63.0(11.2) 62.6(10.8) 0.094 622(11.2) 62.1(10.77) 0.022

Cancer category, n(%) 0.453 0489

Lung 233(335) 323(36.5) 556 (35.2) 248 (35.6) 481 (34.6)

Digestive system 350(50.3) 332(37.5) 682 (43.1) 264 (37.9) 614 (44.1)

Genito-urinary system 83(11.9) 81(9.2) 164 (10.4) 56 (8.0) 139 (10.0)

others 30 (4.3) 149 (16.8) 179 (11.3) 128 (184) 158 (11.4)

WBC, median [IQR] 58[4.6,7.1] 6.10[4.60, 7.70] 59 [46 7.5] 0.144 6.1[4.7,7.6] 591[4.6,74] 0.138

Hb, mean (SD) 121(18) 121 (20) 0.028 122(20) 122(19) 0.054

PLB, median [IQR] 216 (171, 275] 5[162,284] 216[166 280] 0.018 213[162,279] 215166, 278] 0.038

SALB <35 g/, n(%) 99 (14.2) 186 (21.0) 285(18.0) 0.179 101 (14.5) 200 (14.4) 0.008

SALB, median [IQR]
Scr, median [IQR]

40.3 [37.0,43.0]
68.0 [56.0,81.0]

38.7[354,41.7]
72.0[60.0, 85.0]

394 [36.1,42.3] 0.309
70.0[58.0,84.0] 0.199

39.6[36.6,42.3]
70.0 [59.0, 84.0]

399(36.8,42.8] 0.108
69.0 [57.0,82.0] 0.091

CKD, n(%) 90 (12.9) 69 (19.1) 259 (16.4) 0.169 5(16.5) 205 (14.7) 0.101
Hypertension, n(%) 283 (40.7) 323(36.5) 606 (38.3) 0.086 246 (35.3) 529 (38.0) 0.11
Diabetes, n(%) 129 (18.5) 173 (19.5) 302 (19.1) 0.026 126 (18.1) 255(18.3) 0.011
Infection, n(%) 183 (26.3) 279 (31.5) 462 (29.2) 0116 4(30.7) 397 (28.5) 0.099
Hypovolume, n(%) 3(04) 12(1.4) 15(0.9) 0.098 ( 4) 13(0.9) 0.105
Medications

Platinum, n(%) 510(73.3) 707 (79.9) 1217 (77.0) 0.157 552 (79.3) 1062 (76.3) 0.142
Paclitaxel, n(%) 114 (164) 312(35.3) 426 (26.9) 0442 249 (35.8) 363 (26.1) 0453
Docetaxel, n(%) 41 (5.9) 41 (4.6) 82(5.2) 0.056 29 (4.2) 70 (5.0) 0.079
Capecitabine, n(%) 181 (26.0) 24(2.7) 205 (13.0) 0.704 20(2.9) 201 (14.4) 0.697
Pemetrexed, n(%) 150 (21.6) 84 (9.5) 234 (14.8) 0338 61 (8.8) 211 (15.2) 0.362
Irinotecan, n(%) 228 (32.8) 24.(2.7) 252 (15.9) 0.856 18 (2.6) 246 (17.7) 0.861
Etoposide, n(%) 13(1.9) 31(35) 44(2.8) 0.101 25(3.6) 38(2.7) 0.106
COX-2i, n(%) 180 (25.9) 177 (20.0) 357 (22.6) 0.14 140 (20.1) 320(23.0) 0.137
NSAIDs, n(%) 77 (11.7) 131 (14.8) 208 (13.2) 0.112 101 (14.5) 78(12.8) 0.103
Steriods, n(%) 232 (33.3) 312(35.3) 544 (34.4) 0.04 241 (34.6) 473 (34.0) 0.027
Diuretics, nn(%) 68 (9.8) 80 (9.0) 148 (9.4) 0.025 52(7.5) 20 (8.6) 0.082
RASI, n(%) 101 (14.5) 159 (18.0) 260 (16.4) 0.094 129(18.5) 230 (16.5) 0.108
Antibiotics, n(%) 20 (2.9) 46 (5.2) 66 (4.2) 0.118 37(5.3) 57 (4.1) 0.123

Anti-VEGF: anti-vascular endothelial growth factor monoclonal antibody; ICls, immune checkpoint inhibitors; PS, propensity score; WBC, white blood cell; Salb,
serum albumin; Scr, serum creatinine; CKD, chronic kidney disease; COX-2i, cyclooxygenase-2 inhibitors; COX-1i, cyclooxygenase-1 inhibitors; ACEl, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; $, Antibiotics include compound sulfamethoxazole, vancomycin and aminogly cosides



Zhu et al. BMC Cancer (2024) 24:756 Page 5 of 9
Table 2 Characteristics of AKl events before and after PS matching
Characteristics antiVEGF Before PS matching After PS matching
ICls Overall ICls Overall
N 696 885 1581 696 1392
Sustained AKI, n (%) 74(10.6) 132(14.9) 206(13.0) 103(14.7) 177(12.7)
stage 1,n (%) 57(8.2) 112(12.7) 169(10.7) 85(12.2) 142(10.2)
stage 2, n (%) 7(1.0) 5(0.6) 12(0.7) 5(0.7) 12(0.9)
stage 3, n (%) 10(1.4) 15(1.7) 25(1.6) 13(1.9) 23(1.7)
Non-sustained AKI, n (%) 12(1.7) 112(12.7) 124(7.8) 83(11.9) 95(6.8)
Anti-VEGF: anti-vascular endothelial growth factor monoclonal antibody; ICls, immune checkpoint inhibitors; PS, propensity score
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Fig. 2 Cumulative incidence of sustained AKI for patients receiving anti-VEGF vs. ICls. Kaplan-Meier curves depicted for patients with anti-VEGF during
one year (red line) versus those with ICls (green line). AKI, acute kidney injury; AntiVEGF: anti-vascular endothelial growth factor monoclonal antibody;

ICls, immune checkpoint inhibitors

P=0.009) for the overall population or those with geni-
tourinary cancer, respectively (Supplementary Fig. 1).
Compared with patients receiving anti-VEGE, patients
receiving Pembrolizumab, Sintilimab, Toripalimab, Cam-
relizumab, or Tislelizumab had more sustained AKI
events in one year (Supplementary Fig. 2).

Risk factors for sustained AKI by multivariable cox
regression

In patients receiving anti-VEGE, sustained AKI was
associated with age>60 year (HR 0.5; 95%CI 0.3 to
0.8; P=0.007), type of cancer (HR 1.5; 95%CI 1.1 to 2.1
P=0.013), baseline Salb>35 g/l (HR 0.5; 95%CI 0.3 to
0.9; P=0.027), diagnosis of pre-existing diabetes (HR 2.4;
95%CI 1.4 to 4.1; P=0.001) and the presence of infection
(HR 2.1; 95%CI 1.2 to 3.5; P=0.006). Use of Pemetrexed

(HR 2.1; 95%CI 1.0 to 4.5; P=0.049) and diuretics (HR
2.5; 95%CI 1.4 to 4.6; P=0.003) were also associated with
sustained AKL In patients receiving ICls, sustained AKI
was associated only with male (HR 1.7; 95%CI 1.1 to 2.7;
P=0.029), baseline Salb>35 g/l (HR 0.3; 95%CI 0.2 to
0.5; P<0.001) and use of nephrotoxic antibiotics (HR 2.5;
95%CI 1.2 to 5.5; P=0.019) after propensity score match-
ing (Table 3).

Discussion

In this retrospective cohort of cancer patients with fol-
low-up more than three months, initiation of ICIs was
associated with significantly higher risks of sustained
AKI than those with anti-VEGF. To our knowledge, this
is the first real-world study exploring AKI events of the
inpatient with malignancies receiving anti-VEGF vs. ICIs.



Zhu et al. BMC Cancer (2024) 24:756

subgroup ICls antiVEGF
Gender
Male 563 350
Female 133 346
Age
<60yr 258 264
260yr 438 432
Cancer category
Lung 248 233
Digestive system 264 350

Genitourinary system 56 83

Hypertension
yes 246 283
no 450 413
Diebetes
yes 126 129
no 570 567
Chronic kidney disease
yes 115 90
no 581 606
Overall 696 696
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Fig. 3 The association between initiation of ICls, compared with anti-VEGF, and sustained AKI overall and by subgroups after propensity score matching.
AntiVEGF: anti-vascular endothelial growth factor monoclonal antibody; ICls, immune checkpoint inhibitors

The efficacy and safety of anti-VEGF and ICIs have been
reported in many clinical trial [1-5, 12—14]. However, no
previous study was designed with sustained AKI as the
primary end point. a Danish study of 37,267 incident
cases of cancer showed that the 1-year risk of AKI was
17.5% [15]. Colorectal cancer survivors were at increased
risk of AKI for several years after cancer diagnosis [16].
AKI occurs in up to 31.8-66.5% of patients with hemato-
logic cancers [17-19]. In our study, most patients receiv-
ing anti-VEGF or ICIs had lung cancer, digestive system
and genitourinary system cancer. Cumulative incidence
of sustained AKI in one year was 17.8% in the anti-VEGF
group, which was similar with the one-year incidence of
AKI (19.2%) in patients with metastatic colorectal cancer
treated with chemotherapy combined with bevacizumab
[14]. The incidence of AKI with ICIs has been reported to
be as low as 2 -4.5% from the results of cancer trials and
up to 17-18.2% reported in emerging data [7, 20-25]. In
our study, the incidence of sustained AKI was about 15%
and accumulative incidence in one year was 26.8% in the
ICIs group.

Results of our subgroup analyses suggested a pos-
sible lack of significant difference of sustained AKI in
younger patients (aged<60 years) and those who had

hypertension, diabetes or chronic kidney disease, which
would support prioritizing the prescription of anti-VEGF
to older people and those without hypertension, diabetes
or chronic kidney disease. There is increasing evidence
showing that anti-VEGF treatment is associated with
cases of accelerated hypertension, worsening proteinuria,
glomerular disease, thrombotic microangiopathy, and
possible renal function decline [8, 10]. Meta-Analysis has
suggested intravitreal use of anti-VEGF was not associ-
ated with an AKI risk [26]. Further comparative research
on the AKI events in cancer patient receiving anti-VEGF
vs. ICIs is needed, as our results could be confounded by
the retrospective data.

Our study showed there were dramatic differences in
the risk factors for sustained AKI between the anti-VEGF
group and the ICIs group except that serum albumin
level was a strong risk factor for sustained AKI in both
groups. Our previous study demonstrated that serum
albumin level was associated with the incidence of AKI in
idiopathic nephrotic syndrome [27]. It may have impor-
tant treatment implications to correct the presenting
hypoalbuminemia during anti-VEGF or ICIs therapy in
cancer patients.
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In the anti-VEGF group, other baseline characteris-
tics except for serum albumin, such as age, malignancy
type, diabetes, infection, pemetrexed treatment or use
of diuretics, were associated with sustained AKI. Ran-
domized clinical trial also have demonstrate that peme-
trexed plus anti-VEGF therapy had high toxicities but
no survival benefit [28]. Guideline recommended that
anti-VEGF therapy should not be added to pemetrexed
and platinum therapy or given as maintenance. Previ-
ous studies have reported that use of diuretics was a risk
factor of AKI in cancer patients receiving ICIs [29, 30].
An association between diuretics use and sustained AKI
was observed in the anti-VEGF group, but not in the ICIs
group in our study. The small proportion of individuals
receiving diuretics in the ICIs group may have precluded
detection of such an association. As in previous study
[7], we did not find a statistically significant association
between sustained AKI events and the presenting of
chronic kidney disease in the two groups. Therefore, the
use of anti-VEGF or ICIs should not be withheld in can-
cer patients with chronic kidney disease. Cancer patients
are at risk for AKI that is caused by sepsis, direct kidney
injury due to the primary cancer, infection, the nephro-
toxic effects of anticancer therapies, or metabolic distur-
bances such as tumor lysis syndrome and hypercalcemia
[19]. The different risk factors for AKI between the two
groups suggested that a careful evaluation of patients’
comorbidity and combined drug therapy is needed to
prevent AKL

Our study has several important limitations. First, it
was a retrospective study. We only included patients who
had at least three months follow-up period to ensure
that patients receiving the majority of their care outside
our health care system were not included in the analysis,
which will result in an underestimation of AKI frequency.
Second, although the cohort is large, it was sourced
from a single center and was a predominantly Chinese
population, raising concerns about the generalizability
to other populations. Third, most of the AKI episodes
were neither diagnosed nor treated by nephrologists. As
such, the definite cause of AKI could not be ascertained
in all cases. Furthermore, AKI in patients with cancer
has diverse causes and multiple mechanisms. Establish-
ing ICIs or anti-VEGF related nephrotoxicity versus co-
prescription of other drugs associated with AIN (e.g.,
antibiotics and NSAIDs) may be challenging. Only a
minority of ICIs or anti-VEGF related nephrotoxicity
was confirmed by renal biopsy. As a result, we were able
to evaluate overall sustained AKI events, but not neces-
sarily events specific to ICIs or anti-VEGF nephrotoxic-
ity. Forth, the ability to confirm the timeline and acuity
of sustained AKI precisely may have been affected in the
patients who were not admitted to the hospital because
laboratory tests were not performed daily for outpatients.
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Fifth, we did not provide evidence that AKI in the anti-
VEGF group was recovered by drug withdrawal and that
AKI in the ICIs group was recovered by steroid adminis-
tration. Sixth, the frequency of immune-related adverse
events that contributes to the emergence of the difference
in AKI between the two group was not explicitly stated in
our study.

In conclusion, this retrospective cohort study of can-
cer patients receiving anti-VEGF vs. ICIs showed that
initiation of ICIs was associated with significant increase
in risk of sustained AKI. Serum albumin was a major
risk factor for AKI in these patients. A careful evalu-
ation must be performed to prevent AKI because there
were different risk factors between anti-VEGF and ICIs
treatment.
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PD-L1 Programmed cell death-ligand 1

HIS Hospital information system

SMD Standardized mean difference

KDIGO Kidney Disease Improving Global Outcomes

Scr Serum creatinine

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12540-y.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements

This study was supported by co-construction project by National
Administration of Traditional Chinese Medicine and Zhejiang Province
Administration of Traditional Chinese Medicine (GZY-ZJ-KJ-23085). We thank
Shichao Quan, Meihao Wang, Tingrong Liu and Zhizhou Hu in Department of
information technology for technical assistance.

Author contributions
T.C.and J. Z. wrote the main manuscript text. X. D. and J. Z collect data. B. C,, X.
Y.and X. C. analyzed data and . Supervision, review & editing.

Funding

This study was supported by the co-construction project by the National
Administration of Traditional Chinese Medicine and Zhejiang Province
Administration of Traditional Chinese Medicine (GZY-ZJ-KJ-23085).

Data availability
The datasets used during the current study available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee (Issuing Number
KY2023-R206) of the First Affiliated Hospital of Wenzhou Medical University.
Participant informed consent was waived by the Ethics Committee of the


https://doi.org/10.1186/s12885-024-12540-y
https://doi.org/10.1186/s12885-024-12540-y

Zhu et al. BMC Cancer (2024) 24:756

First Affiliated Hospital of Wenzhou Medical University due to the deidentified
nature of the data.

Consent for publication
All authors approved the publication.

Competing interests
The authors declare no competing interests.

Author details

'Department of Internal Medicine Nursing and Endoscopy Center, The
First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China
’Department of Nephrology, The First Affiliated Hospital of Wenzhou
Medical University, Wenzhou, China

*Key Laboratory of Intelligent Treatment and Life Support for Critical
Diseases of Zhejiang Province, The First Affiliated Hospital of Wenzhou
Medical University, Wenzhou, China

Received: 4 February 2024 / Accepted: 19 June 2024
Published online: 24 June 2024

References

1. Kim HR, Sugawara S, Lee JS, Kang JH, Inui N, Hida T, et al. First-line nivolumab,
paclitaxel, carboplatin, and bevacizumab for advanced non-squamous
non-small cell lung cancer: updated survival analysis of the ONO-4538-52/
TASUKI-52 randomized controlled trial. Cancer Med. 2023:12(16):17061-7.

2. Holloway RW, Thaker P, Mendivil AA, Ahmad S, Al-Niaimi AN, Barter J, et al.

A phase Ill, multicenter, randomized study of olvimulogene nanivacirepvec
followed by platinum-doublet chemotherapy and bevacizumab com-
pared with platinum-doublet chemotherapy and bevacizumab in women
with platinum-resistant/refractory ovarian cancer. Int J Gynecol Cancer.
2023,33(9):1458-63.

3. Watanabe J, Muro K, Shitara K, Yamazaki K, Shiozawa M, Ohori H, et al.
Panitumumab vs Bevacizumab added to Standard First-Line Chemotherapy
and overall survival among patients with RAS Wild-type, left-sided metastatic
colorectal Cancer: a Randomized Clinical Trial. JAMA. 2023:329(15):1271-82.

4. Bond MJG, Bolhuis K, Loosveld OJL, de Groot JWB, Droogendijk H, Helgason
HH, et al. Dutch Colorectal Cancer Study Group. First-line systemic treat-
ment strategies in patients with initially unresectable colorectal cancer liver
metastases (CAIRO5): an open-label, multicentre, randomised, controlled,
phase 3 study from the Dutch Colorectal Cancer Group. Lancet Oncol.
2023,24(7):757-71.

5. Mantia CM, McDermott DF. Vascular endothelial growth factor and
programmed death-1 pathway inhibitors in renal cell carcinoma. Cancer.
2019;125(23):4148-57.

6. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W,
et al. Bevacizumab plus Irinotecan, fluorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med. 2004;350(23):2335-42.

7. Seethapathy H, Zhao S, Chute DF, Zubiri L, Oppong Y, Strohbehn |, et al. The
incidence, causes, and risk factors of Acute kidney Injury in patients receiving

Immune Checkpoint inhibitors. Clin J Am Soc Nephrol. 2019;14(12):1692-700.

8. Hanna RM, Barsoum M, Arman F, Selamet U, Hasnain H, Kurtz I. Nephrotox-
icity induced by intravitreal vascular endothelial growth factor inhibitors:
emerging evidence. Kidney Int. 2019;96(3):572-80.

9. Takada H, Yamashita K, Osawa L, Komiyama Y, Nakakuki N, Muraoka M, et al.
Impact of renal function on the prognosis of patients receiving Atezoli-
zumab/Bevacizumab Combination Therapy and Lenvatinib Monotherapy for
Unresectable Hepatocellular Carcinoma. Oncology. 2023;101(10):609-23.

10.  Shye M, Hanna RM, Patel SS, Tram-Tran N, Hou J, Mccannel C, et al. Worsen-
ing proteinuria and renal function after intravitreal vascular endothelial
growth factor blockade for diabetic proliferative retinopathy. Clin Kidney J.
2020;13(6):969-80.

11. Kellum JA, Lameire N, KDIGO AKI Guideline Work Group. Diagnosis, evalua-
tion, and management of acute kidney injury: a KDIGO summary (part 1). Crit
Care. 2013;17(1):204.

12. Farrukh M, Ali MA, Naveed M, Habib R, Khan H, Kashif T, et al. Efficacy
and safety of checkpoint inhibitors in Clear Cell Renal Cell Carcinoma:

Page 9 of 9

a systematic review of clinical trials. Hematol Oncol Stem Cell Ther.
2023;16(3):170-85.

13. Monk BJ, Tewari KS, Dubot C, Caceres MV, Hasegawa K, Shapira-Frommer
R, et al. Health-related quality of life with pembrolizumab or placebo plus
chemotherapy with or without bevacizumab for persistent, recurrent, or
metastatic cervical cancer (KEYNOTE-826): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2023;24(4):392-402.

4. Lim AR, Kim JH, Hyun MH, Kim YH, Lee S. Prognostic factors for renal function
deterioration during palliative first-line chemotherapy for metastatic colorec-
tal cancer: a retrospective study. Support Care Cancer. 2022,30(10):8129-37.

15.  Christiansen CF, Johansen MB, Langeberg WJ, Fryzek JP, Serensen HT. Inci-
dence of acute kidney injury in cancer patients: a Danish population-based
cohort study. Eur J Intern Med. 2011;22(4):399-406.

16.  Andresen K, Carreira H, Strongman H, McDonald HI, Benitez-Majano S,
Mansfield KE, et al. The risk of acute kidney injury in colorectal cancer
survivors: an English population-based matched cohort study. BMC Cancer.
2023;23(1):839.

17. Khalil MA, Latif H, Rehman A, Kashif WU, Awan S, Khalil Z, et al. Acute
kidney injury in lymphoma: a single centre experience. Int J Nephrol.
2014,2014:272961.

18. Darmon M, Vincent F, Canet E, Mokart D, Péne F, Kouatchet A, et al. Acute
kidney injury in critically ill patients with haematological malignancies:
results of a multicentre cohort study from the Groupe De Recherche en
Réanimation respiratoire en Onco-Hématologie. Nephrol Dial Transpl.
2015;30(12):2006-13.

19.  Rosner MH, Perazella MA. Acute kidney Injury in patients with Cancer. N Engl
JMed. 2017;376(18):1770-81.

20.  Weber JS, Hodi FS, Wolchok JD, Topalian SL, Schadendorf D, Larkin J, et al.
Safety profile of nivolumab monotherapy: a pooled analysis of patients with
advanced melanoma. J Clin Oncol. 2017;35:785-92.

21. Weber J, Mandala M, Del Vecchio M, Gogas HJ, Arance AM, Cowey CL, et al.
Adjuvant nivolumab versus ipilimumab in resected stage Il or IV melanoma.
N EnglJ Med. 2017;377:1824-35.

22. Lumlertgul N, Vassallo P, Tydeman F, Lewis N, Hobill A, Weerapolchai K, et al.
Acute kidney injury in patients receiving immune checkpoint inhibitors: a
retrospective real-world study. Eur J Cancer. 2023;191:112967.

23. Stein C, Burtey S, Mancini J, Pelletier M, Sallée M, Brunet P, et al. Acute kidney
injury in patients treated with anti-programmed death receptor-1 for
advanced melanoma: a real-life study in a single-centre cohort. Nephrol Dial
Transpl. 2021;36(9):1664-74.

24.  Seethapathy H, Zhao S, Strohbehn IA, Lee M, Chute DF, Bates H, et al.
Incidence and clinical features of Immune-related acute kidney Injury in
patients receiving programmed cell death Ligand-1 inhibitors. Kidney Int
Rep. 2020;5(10):1700-5.

25. Meraz-Mufoz A, Amir E, Ng P, Avila-Casado C, Ragobar C, Chan C, et al. Acute
kidney injury associated with immune checkpoint inhibitor therapy: inci-
dence, risk factors and outcomes. J Immunother Cancer. 2020;8(1):¢000467.

26. Tsao YC,ChenTY,Wang LA, Lee CC, Lee WA, Hsu SM, et al. Acute kidney Injury
from Intravitreal anti-vascular endothelial growth factor drugs: a system-
atic review and Meta-analysis of Randomized controlled trials. BioDrugs.
2023;37(6):843-54.

27. ChenT, LvY,LinF, Zhu J. Acute kidney injury in adult idiopathic nephrotic
syndrome. Ren Fail. 2011;33(2):144-9.

28. 29, Ramalingam SS, Dahlberg SE, Belani CP, Saltzman JN, Pennell NA,
Nambudiri GS, et al. Pemetrexed, bevacizumab, or the combination as main-
tenance therapy for advanced nonsquamous non-small-cell lung cancer:
ECOG-ACRIN 5508. J Clin Oncol. 2019;37:2360-7.

29. LouQ GongJ,YeB,YuR, BuS, LiY, etal Acute kidney injury in patients with
cancer receiving anti-PD-1/PD-L1 antibodies: incidence, risk factors, and
prognosis. Ren Fail. 2023;45(1):2238823.

30. ChenP ZhuJ, XuY, Huang Q, Su J, Gao Z, et al. Risk factors of immune check-
point inhibitor-associated acute kidney injury: evidence from clinical studies
and FDA pharmacovigilance database. BMC Nephrol. 2023;24(1):107.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Acute kidney injury in cancer patients receiving anti-vascular endothelial growth factor monoclonal antibody vs. immune checkpoint inhibitors: a retrospective real-world study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and setting
	﻿Data sources
	﻿Participants’ inclusion and exclusion
	﻿Definition
	﻿Study outcome
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Primary outcome ITT analyses
	﻿Risk factors for sustained AKI by multivariable cox regression

	﻿Discussion
	﻿References


