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[Abstract] Objective To explore the risk factors for renal injury in tumors patients treated with programmed death receptor-1
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(PD-1) inhibitor, and further construct a column chart model to predict the likelihood of renal injury in patients. Methods The
present study is a single center retrospective analysis. 447 patients with tumors treated with PD-1 inhibitors in the Third Affiliated
Hospital of Soochow University between January 2018 and January 2021 were included and followed up until January 2022. Kidney
injury was defined as acute kidney disease (AKD). All patients were divided into AKD group (n=71) and non-AKD group (n=376
according to whether PD-1 inhibitor associated with AKD development at the end of follow-up. Basic information, disease and
medication situation, laboratory indicators, and the incidence of extrarenal immune related adverse events (irAEs) during follow-up
period were compared between the two groups. Univariate and multivariate logistic regression models were used to identify
independent risk factors for PD-1 inhibitor associated AKD. The present study randomly divided all samples (n=447) into training set
(n=313) and validation set (n=134) in a 7:3 ratio, built nomogram prediction models in the training set according to the screened
independent risk factors, drawn the receiver operating characteristic (ROC) curves to evaluate the discrimination of the models,
drawn calibration curves to evaluate the calibration of the models, and drawn clinical decision curve analysis (DCA) to explore the
clinical validity and benefit rate of the models. Results The combination of antibiotics, diabetes, hypertension, extrarenal irAEs and
cystatin C (Cys C) in AKD group were significantly higher than those in non-AKD group (P<0.05), but hemoglobin (Hb) was
significantly lower than that in non-AKD group (P<0.0S). Single factor logistic regression analysis showed that combination of
antibiotics, diabetes, hypertension, extrarenal irAEs, lower Hb, estimated glomerular filtration rate (eGFR), higher blood urea
nitrogen (BUN), serum creatinine (SCr), Cys C, fasting blood glucose (FBG), and alanine transaminase (ALT) were risk factors for
PD-1 inhibitor related AKD (P<0.05). Multivariate logistic regression analysis showed that concomitant extrarenal irAEs, lower Hb,
higher SCr, and direct bilirubin (DBIL) were independent risk factors for PD-1 inhibitor associated AKD (P<0.05). Based on the
independent risk factors mentioned above, a column chart prediction model was further established and validated. The results showed
that the area under the ROC curve (AUC) of the training and validation sets of the model were 0.703 (95%CI 0.628-0.777) and 0.791
(95%CI 0.671-0.911), respectively, indicating good discrimination. The calibration curves of both the training and validation sets
hover around the ideal line of 45°, indicating that the model has good calibration. DCA shows that the constructed model curve is far
away from the two polar lines (the curve with a net benefit of 0 and the curve with all samples being positive), indicating that the
model has good clinical benefits. Conclusion The combination of extrarenal irAEs, lower Hb, higher SCr, and higher DBIL are
independent risk factors for the occurrence of PD-1 inhibitor related AKD; The established column chart model has good
discrimination and calibration, which can provide guidance for clinical practice.

[Keywords] programmed cell death protein-1 inhibitors; kidney injury; incidence rate; risk factors; nomogram model
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Tab.1 Comparison of baseline characteristics between the two groups of tumor patients

TiH AKD 4 (n=71) 3l AKD 41 (n=376) X/Z/t P
B2 () 53/18 272/104 0.160 0.689
I, M(Q, Q)] 66.0(57.5,70.0) 65.0(57.0,69.5) -0.957 0.338
JhiRE SR 451] (9%) ] 4.546 0.208

THIL R G 31(17.1) 150(82.9)
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PD-1 5 [51(%)] 3.748 0.570
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NRAIE BT 2(6.1) 31(93.9)

BRIk T 0 2(100.0)
FHZ5 [ B1(%)]

g7 25 A0 (T #E ) 254 51(16.5) 259(83.5) 0.244 0.621

ACEI/ARB 9(18.0) 41(82.0) 0.189 0.664

PPIs 53(16.9) 261(83.1) 0.782 0.376

NSAIDs 31(18.6) 136(81.4) 1.432 0231

E/NACE 16(25.8) 46(74.2) 5.305 0.021

R 34(15.0) 193(85.0) 0.283 0.595
P S (151 (96) ]

U i LA B 3(15.0) 17(85.0) 0.000 1.000

WA 13(27.7) 34(72.3) 5.451 0.020

fR IR 23(22.3) 80(77.7) 4.163 0.041

FUR IR D RETUE 1(100.0) 0 0.159

FRCR i Dy REIGR 0 8(100.0) 0.366

JFRE AL, 4(25.0) 12(75.0) 0.446 0.504
WA 461 (9%) ] 13(18.3) 58(81.7) 0.372 0.542
it [mmHg, M(Q, Q,)]

ek 126.0(120.0, 132.0) 125.0(119.0, 133.0) -1.093 0275

g A 78.0(75.0, 80.0) 78.0(72.8, 81.0) -0.232 0.817

MAP 93.3(90.8,97.2) 93.3(89.3,97.3) -0.417 0.676
BMI(kg/m? X+s) 224433 21.843.4 1.204 0.229
WBC[x10°/L, M(Q, Q,)] 6.1(4.4,8.3) 6.0(4.7,8.3) -0.392 0.695
Hb(g/L, +s) 114.9+21.4 122.2+19.3 -2.853 0.005
PLT[x10°/L, M(Q, Q,)] 209.0(142.5,270.5) 214.0(154.0,274.0) -0.834 0.404
NE([x10°/L, M(Q, Q,)] 4.3(2.8,5.5) 4.0(3.0,6.1) -0271 0.786
Lym[x10°/L, M(Q,, Q,)] 1.1(0.8, 1.6) 1.2(0.8, 1.6) -1.396 0.163
BUN[mmol/L, M(Q, Q,)] 4.8(4.0,6.0) 4.6(3.7,5.8) -1.292 0.196
SCr[pmol/L, M(Q, Q,)] 72.0(62.5,86.5) 69.0(60.0,78.2) -1.539 0.124
eGFR[ml/min, M(Q, Q,)] 94.0(76.4,104.3) 97.0(85.7,106.5) -1.937 0.053
Cys C[mg/L, M(Q, Q,)] 1.3(1.0, 1.5) 1.1(1.0,1.3) ~2.641 0.008
UA[pmol/L, M(Q, Q)] 309.4(239.6,397.0) 300.6(237.1,369.7) -0.994 0.320
1% [mmol/L, M(Q, Q,)] 4.0(3.7,4.3) 4.0(3.8,4.3) -1.003 0.316
144 [mmol/L, M(Q, Q)] 138.6(137.1,140.9) 139.1(137.1, 140.8) -0.567 0.571
144 [mmol/L, M(Q, Q,)] 102.8(101.5, 104.8) 102.9(100.9, 105.1) -0.236 0.813
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(8 %)

WiH AKD 4 (n=71) I AKD 4H (n=376) X/Z/t P

1185 [mmol /L, M(Q, Q,)] 2.3(2.3,2.4) 2.3(2.2,2.4) -0.865 0.387
MM [mmol/L, M(Q, Q,)] 1.2(1.0,1.3) 1.2(1.1,1.3) -0.555 0.579
CRP[mg/L, M(Q, Q,)] 4.6(3.5,39.5) 4.8(3.3,24.4) -0.172 0.864
LDH[U/L, M(Q, Q,)] 204.0(170.5,296.0) 199.0(164.0, 250.5) -1.134 0.257
ALB[g/L, M(Q, Q)] 37.1(34.6,41.2) 38.7(35.3,42.1) -1.269 0.205
FBG[mmol/L, M(Q, Q,)] 5.3(4.7,6.2) 5.2(4.6,5.8) -1.558 0.119
ALT[U/L,M(Q, Q,)] 20.0(11.8,35.0) 18.4(11.6,32.0) -0.712 0.476
AST[U/L, M(Q, Q,)] 25.5(18.0,45.9) 24.7(18.0, 34.0) -1.008 0.313
TBIL [pmol/L, M(Q, Q,)] 9.6(7.1,14.1) 10.0(7.6,13.4) -0.437 0.662
DBIL[pmol/L, M(Q, Q,)] 3.5(23,5.1) 3.4(2.6,4.6) -0.113 0.910
CHOL[mmol/L, M(Q, Q,)] 4.4(4.0,5.0) 4.7(4.0,5.3) -1.063 0.288
TG[mmol/L, M(Q, Q,)] 1.1(0.8,1.5) 1.2(0.8,1.6) -0.822 0.411
A5 5h irAES[ 11 (%) ] 64(90.1) 255(67.8) 14.562 <0.001
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Tab.2  Univariate logistic regression analysis of PD-1 inhibitor related AKD

I HALIR 2 logistic [H11H Z[H 2 logistic [1] 5
OR(95%CI) P OR(95%CI) P

P51 1.126(0.630~2.012) 0.689 1.110(0.554~2.224) 0.786
AR 1.015(0.989~1.041) 0.274 1.014(0.985~1.044) 0.350
JifrEg Y

LR G R =21 1(Z%1H)

i P 0.753(0.432~1.311) 0.316 0.695(0.365~1.325) 0.269

BRI 2.419(0.773~7.573) 0.129 2.310(0.610~8.752) 0.218

HoAth 0.941(0.384~2.308) 0.894 1.205(0.437~3.324) 0.719
PD-1 il R 2 (AR TR A )

R FIZR ST 0.818(0.424~1.579) 0.549

AT 2R AT 1.071(0.483~2.376) 0.866

R T 0.761(0.274~2.114) 0.600

AT T 0.286(0.062~1.321) 0.109

BRIk 0 0.999
Mz

A7 AN (TR #E  24 1.152(0.657~2.019) 0.621

ACEI/ARB 1.186(0.549~2.563) 0.664

PPIs 1.297(0.728~2.312) 0.377

NSAIDs 1.368(0.818~2.287) 0.233

EiIRAEE 2.087(1.104~3.944) 0.023 1.728(0.838~3.565) 0.138

R 0.871(0.524~1.448) 0.595
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(8 %)
R HAPH K logistic 1) Z[H % logistic [1])9
OR(95%CI) P OR(95%CI) P
PG
NN il IRES=C/N 0.932(0.266~3.266) 0.912
Wi PRI 2.255(1.123~4.527) 0.022 1.659(0.712~3.863) 0.241
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