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[ Abstract] Onconephrology, an emerging discipline at the intersection of nephrology and oncology, is shifting from a reactive
approach to kidney injury toward proactive integration of renal protection. This shift reflects a deeper understanding of the
bidirectional relationship between tumors and the kidneys: the kidney is not merely a passive target of the tumor itself and
antineoplastic drug toxicity; rather, its functional status can significantly influence treatment decisions and patient outcomes.
Emphasis on the concept of acute kidney disease (AKD) not only bridges the “gray zone” between acute kidney injury (AKI) and
chronic kidney disease (CKD), but also better captures the distinctive characteristics of renal injury in cancer patients. With the rapid
emergence of novel antineoplastic therapies, clinical attention to renal safety has expanded beyond the dose-limiting toxicities of

conventional chemotherapeutic agents to encompass the recognition and management of entirely new phenotypes, including kidney
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injuries associated with immune checkpoint inhibitors, targeted therapies, and chimeric antigen receptor T-cell (CAR-T) therapy. In

parallel, the applicability of renal function assessment methods in oncologic populations has undergone systematic reappraisal.
Newer equations, represented by the combined creatinine — cystatin C equation and CamGFR v2, are addressing the limitations of
traditional assessment tools. The emergence of novel urinary biomarkers—such as CXCL9—offers the potential for noninvasive
differentiation of kidney injury etiologies, potentially reducing unnecessary renal biopsies and facilitating timely initiation of renal
protective strategies. The ADDIKD guidelines offer a framework for dose adjustment of antineoplastic agents in patients with renal
impairment, and new evidence supports optimized strategies, including prophylaxis against cisplatin nephrotoxicity. Liquid biopsy,
molecular imaging, and artificial intelligence (Al)-assisted early warning systems are also expanding the scope and precision of renal
health assessment. Despite these advances, clinical practice still faces important challenges. Most novel biomarkers lack validation
in large prospective oncologic cohorts. Management of immunotherapy in special populations, such as kidney transplant recipients
with concurrent malignancies, remains unsupported by high-quality evidence. And the real-world utility of AI models has not been
fully verified. Future progress in this field will depend on deeper integration of multi-omics data with functional assessment
technologies and standardized multidisciplinary collaborative management, so that renal protection and oncologic therapy can be
effectively balanced. This review summarizes recent advancements and identifies current bottlenecks in the disease phenotypes,
diagnostic technologies, and therapeutic management of cancer-associated kidney injury , aiming to provide information for
optimizing clinical practice and future research.
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Etiology and clinical features of acute kidney disease in tumor patients

Categories of
causes

Main mechanism

Clinical scenarios Clinical manifestations

Prerenal factors

Tubulointerstitial
injury

Glomerular
injury

Microvascular

injury

Postrenal
obstruction

Insufficient effective circulating blood
volume

Renal vasoconstriction and osmotic
diuresis

Perfusion disorders and renal
congestion

Direct cytotoxicity

Intratubular obstruction (drug crystals;
monoclonal immunoglobulin casts;
crystalline deposition of purine
metabolic end-product; calcium
phosphate deposits)

Drug-induced T cell activation and
infiltration of renal interstitial
inflammatory cells

Diffuse renal interstitial infiltration of
tumor cells

Deposition of tumor-associated
antigen-antibody immune complexes

Podocyte injury, membranous
nephropathy

Endothelial cell damage; Inhibition of
nitric oxide synthesis

Complement activation-induced
microvascular lesions

Formation of ADAMTS13
autoantibody

Mechanical compression or direct
invasion of the urinary tract

Hypotension, poor skin elasticity, dry
mucous membranes, oliguria

Chemotherapy-induced severe
vomiting/diarrhea

Solid tumors with humoral Polydipsia, polyuria, nausea, disturbed
hypercalcemia[”] consciousness (severe cases)

Renal vein - inferior vena cava tumor
thrombus; Tumor compression of
major blood vessels

Lumbar swelling and pain, renal
enlargement; Hematuria, proteinuria

Non-oliguric AKI Renal enlargement; Renal
tubular epithelial cell casts on urinalysis;
Fanconi syndrome (light chain proximal

tubular disease)“‘”

Chemotherapy such as cisplatin and
ifosfamide!"; NSAIDs; Contrast
agents; Multiple myeloma

{131, Drug crystals (crystalline nephropathy) and

tubular epithelial cell casts on urinalysis;
Rapid deterioration of renal function
(myeloma cast nephropathy)“g];
Hyperkalemia, hyperphosphatemia,
hyperuricemia (TLS); Altered
consciousness, constipation, polyuria
(hypercalcemia)

High-dose methotrexate therapy’

Multiple myelomal'®'%); Burkitt
lymphoma; Acute leukemia

chemotherapy; Extensive bone

metastases (hypercalcemia)[lﬁ-w]

Insidious onset; Hematuria; Often
accompanied by extrarenal immune-related
adverse reactions (rash, colitis, etc.)

Immune checkpoint inhibitors therapy
(PD-1/PD-L1/CTLA-4 inhibitors) !'*!

Renal enlargement (imaging); Progressive
decline in renal function; Possible hematuria

Lymphoma, leukemia (especially ALL,
CLL), and multiple myeloma with
plasma cell infiltration"*'®!

Nephrotic syndrome; Renal injury can
precede tumor diagnosis

Paraneoplastic glomerulopathy
(membranous nephropathy associated
with solid tumors)

Lymphoma; VEGF pathway inhibitors Nephrotic syndrome
and TKIs, BCR-ABL inhibitors

[2021] Proteinuria (nephrotic-range possible);

Hypertension emergencies

VEGEF pathway inhibitors therapy

Thrombotic microangiopathy and hemolysis
(anemia, thrombocytopenia, schistocytes)

Directly caused by various tumors;
Gemcitabine, mitomycin, platinum
drugs

Proteasome inhibitors or interferons Neurological symptoms; Significantly
reduced ADAMTS13 activity in antibody-

positive patients

Oliguria or anuria; Renal colic or lumbar
distension and pain; Dilated renal pelvis/
ureteral effusion(imaging)

Compression of retroperitoneal/pelvic
solid tumors; Enlargement of
retroperitoneal metastatic lymph node

NSAIDs: Nonsteroidal anti-inflammatory drugs; AKI: Acute kidney injury; TLS: Tumor lysis syndrome; PD-1:Programmed cell death protein 1;
PD-L-1: Programmed death-ligand 1; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; ALL: Acute lymphoblastic leukemia; CLL: Chronic
lymphocytic leukemia; VEGEF: Vascular endothelial growth factor; TKIs: Tyrosine kinase inhibitors.
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Tab.2 Application levels of kidney injury biomarkers in tumor populations

Levels

Representative

Core clinical

Evidence status in tumor populations

Limitations

markers application
Clinically Cystatin C Combined with Recommended by KDIGO guidelines®;  Reflects filtration function only and cannot
assistable creatinine for ASON 2024 Oncology Nephropathy identify early tubular injury;
glomerular filtration Review supports prioritizing the use of Affected by glucocorticoids, thyroid
assessment; creatinine - cystatin C combined equations function, and tumor itself™”;
Baseline renal function  for eGFR evaluation in cancer patientsm] Cannot distinguish AKI etiology
stratification and
antitumor drug dosing
reference
Has CXCL9 Non-invasive Multicenter prospective tumor cohorts Limited research on chemotherapy and
promising differentiation of ICI- conducted, CAR-T-related AKI,
clinical AIN from other cancer Strongest evidence in ICI populations[38] No unified threshold for cancer patients;
applications treatment-related AKI Cannot replace kidney biopsy and is not
recommended as a standalone diagnostic
tool
NGAL Early detection of Multiple single-center tumor cohorts Diagnostic efficacy varies across studies;
tubular stress injury. confirmed early elevation ©** Low kidney specificity
Auxiliary AKI
monitoring
KIM-1 Assessing persistent Relatively sufficient evidence for Primary renal tumors may cause false
proximal tubular injury; chemotherapy-related renal injury[”]; positives;
Monitoring Limited data on ICI-related kidney injury;
chemotherapy-related No unified reference threshold for cancer
tubular toxicity patients
NAG Detection of renal Supported by small sample single-center Unstable urinary enzyme activity;
tubular lysosomal cohorts! %! Easily affected by urinary tract infections
injury; and specimen contamination;
Dynamic monitoring of Lack of standardized reference intervals for
chemotherapy and ICI cancer patients
nephrotoxicity;

Pre-ICI early risk
stratification
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Levels Representative Core .clln}cal Evidence status in tumor populations Limitations
markers application
IL-18 Detection of tubular Sufficient evidence for drug-induced and Low kidney specificity;
inflammatory damage; sepsis-related AKI; Lack of large-sample, multicenter validation
Early prediction of Small cisplatin cohort availablel™
platinum-based
chemotherapy-related
AKI;
Assessment of renal
function and prognosis
after kidney cancer
surgery
Osteopontin ~ Candidate markers for ~ Small-sample validation cohort in cisplatin Solid tumors can secrete large amounts,
(OPN) AKI-to-CKD transition chemotherapy patients'*'! making it difficult to distinguish whether
and renal fibrosis the elevation originates from the kidney or
the tumor
L-FABP Assessment of renal Mainly animal experiments and transgenic Relatively small overall tumor cohort
tubular oxidative stress model, sample size;
injury; Medium-scale prospective cohort validation ICI-AKI evidence lacking;
Monitoring platinum- for platinum-based chemotherapy No multicenter external validation or
based chemotherapy patientsm] dedicated diagnostic threshold
nephrotoxicity
MCP-1 Early prediction and Prospective cohort validation conducted, Easily affected by systemic inflammation;
diagnosis of AKI in some reaching medium scale*** Lack of multicenter large-sample validation;
cancer patients Clinical applications not yet standardized
Needs TIMP2- Cell cycle arrest Sufficient evidence in general ICU-AKI and Elevated baseline levels due to dehydration,
validation IGFBP7 biomarker; NephroCheck has been approved for proteinuria, and systemic inflammation in

in  tumor (NephroCheck) Early risk warning of
population AKI

suPAR Baseline chronic
kidney risk
stratification;

Prediction of CKD

progression after AKI

CHI3L1
(YKL40)

Marker related to
inflammation and renal
fibrosis

microRNA Marker of
inflammation, cell
death, and fibrosis;
Early prediction of anti-
tumor therapy-related
AKI;
Prognosis/efficacy
prediction for renal cell
carcinoma

PenKid Novel candidate
peptide marker for

tubular injury

CCL14 Chemokine marker
predicting risk of AKI

chronicity

SOD1 Candidate biomarker
for oxidative stress-

mediated kidney injury

clinical use;

Extensive studies in general CKD and post-
AKI fibrosis;
Limited retrospective studies in tumor
populations, mainly focusing on tumor
prognosis

Extensively studied in general fibrotic
nephropathy;
Mostly used as tumor burden marker in
oncology

Numerous animal experiments and small
clinical trials in general kidney disease;
Tumor kidney injury studies remain small-
sample explorations[47];
Systematic review identified miR-34a and
miR-21 as main candidate biomarkers and

therapeutic targets“s]

Studies conducted in general population
and critically ill patients”);

Limited to AKI, renal fibrosis animal
models and general severe AKI cohort™”!

Clinical validation in general population,
sepsis, diabetes and other renal injury
settings

cancer patients;
Inconsistent conclusions in oncology
General population cutoffs cannot be
directly applied to cancer patients

[45-46]

Tumor immune activation may elevate
baseline levels

Serum levels mainly influenced by tumor
burden;
Lack of kidney injury-focused tumor
cohorts

Non-unified testing platforms ;
Repeatability is poor;
Standardized testing protocols yet to be
established

Tumor-related human studies lacking
Immature testing system .
Validation in cancer patients remain
unconducted

Clinical evidence lacking in tumor-
associated kidney injury

No clinical basis for its application in tumor

kidney injury

KDIGO: Kidney Disease: Improving Global Outcomes; ASON: American Society of Onconephrology; eGFR: Estimated glomerular filtration
rate; AKI: Acute kidney injury; CKD: Chronic kidney disease; ICI: Immune checkpoint inhibitor; AIN: Acute interstitial nephritis; CAR-T: Chimeric
antigen receptor T cells; CRS: Cytokine release syndrome; irAE: Immune-related adverse events.
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Il FAE AN RS
43 BEFER. DFREFSATE
AT 5 0 TR A WA IR B0 ' g
SEBITAT RS TR AN . OE IR
Ji DNA R 2 41 2= 50 v R e B i 4 Ry o+
B, S TH/NE B e RO S BRI H48 Tk
HIGIT B RIS B 2T AN OGRS IR W R
WIEASHE RGE, CAESCIRIR rp i 8t Xt ik
SR TT R P B B 450 AT TR Bh A PEAR B9 T
ST IRE 24540 B P A RS0 AT A W R T
THE DT AN T RS LA S E s
B LT TR Y AKT A O 35 g & R
SEHE Y, DL E Christie B 48 865 B JAE 167
SR 2R ) BE N LR PRASE R AT 21 28 22 30d Tl
M AKT FHF, P 42 AUC 15 0.881 (95%

CI: 0.878~0.883), F-7r 28 498 (4|} e T e
PORERSE AN EIE (AUC 0.821, 95% CI:
0.820~0.821), $&/~ H g ke A R B — 1y
P NFEIZACRE 7, (ELIC AR () e R AL RS 7 i
WM BT TS USSR A RED KR Y

5 kS RV E BRI R

51 RIBEEEMNTMEAYFERAE

B D REAS AR A P R, BT
Z Y0 IR 25 K HL I PEAR I P 4 3 2 B A HE
i, CYEIIRE T RS, ZSYIERRINE . B Y
i, BRI REIEE B, BT BE S ECE BEDD
LA AR RN INE, Hit, LT EIEem
A AT 08 2 e B O 2 P A e R 52 18
Z—o 20254 KRN (EFRE DIREA Pt 24
Y4445 ) (ADDIKD) “hix — 4% 4 it
T RG4S S HELE . Sandhu 25 P jE A TR
ADDIKD f8m#5 A H ¥ LB AR, FEPRiEL
B D RE VAL (4 72 0 5 4l FH S5 GFR sk Al 53
GFR, TMidFE& 81 Cockeroft-Gault 2 204k 5 1 L
I bR %) KAnifEfb B Thfgsr 28 (R H KDIGO
[ CKD /M &2 40) st b, Smid R4 254
M 25408 1 =R AE L 2555 KT L IRYT iR
GRAM SRR AN ST 0)2 88, 85Xt
SO RPN 2520 T F TR B Al RS e 22
I NMARA S 25 1R, R BRI ey I
B, REHURN A RgT A FH2G, JRaR T H
Wetd SRR r I 22 57 o B X HE 2 B v KR 1
(=500 mg/m?) (Y7, HOMIRAMIRYT H B E IR
BEIRAS B, eGFRYE45~59 mL/min/1.73 m2# 7]
AeRpa s a, BEARE AR SE eGFR A4 S (E A1
fedia; A AR AR REIR A 22, eGFRTE
45~59 mL/min/1.73 m2Bf B AT 2% & 25% Jai, 1 5 460
BT %, eGFR<45 mL/min/1.73 m2i I 75 Vi
i 50% S5 A o LR Y YA YT SR 4 77 LA eGFR<
60 mL/min/1.73 m?>y A, 17 >4 H KR 5> 50
mg/m?> 5% K R & AL 22 57 e GFR AL E R i) HERT
W FH A2 GFR W HE AL BAE s S LA &=, H
eGFR<45 mL/min/1.73 m2if i kG fdi . <409
Calvert 232 B VB S GFR (A 42 14 2 T AU
k) . AETH T 125 mL/min, {H >4 eGFR 1F 45~
125 mL/min/1.73 m>s} AE36 A PEIRITET, AT H &
R F T FLVH L () eGFR  (CKD-EPI) #AY; [k
HRE L B T RE AR LR AL 20% sl AR A & A4
HAR AW ICTAE AT R R TR R A
i, [RIEARHERE R S D RE A 2K H A AUC,
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DA Py ST w7 | N il = e
(2 o 2 S 0 10 NN B w7 O (ke 3
o GISERE O B AN RS

TEFE MR A 25 Y, EEZ
HEM B 25 TEIR IR, A B DIRERE M A
JEE H LA I 2, e R AT AR
WESTRL; EARR @RI, WFE AR 4 eGFR 4
EA TR, Wk R EYDFIEITE eGFR<
30 mL/min/1.73 m*H} @5 i, 15 32 i ZE7F 30-45
mL/min/1.73 m?i} V55 25 &, i B 4L A 1 5%
DR Yl e R g, EELSHRIENZY
(A2 BIRESE), fERrh S UIe A 2t ia
WO AN R, M PEMIE. ZFE AR
eGFR<60 mL/min/1.73 m> Wi {7 470 &, W
E O REAN ERNTE 2R 212, Ak, X Tz
s B OIFE B AR I8 JF (continuous renal
replacement therapy, CRRT) ¥ [b] &KV Il 7% 125 B
B, BTRIEAY T8, BEASEERE. o6
HREBEMERES - LHBERN G S A
RHHL

AT 301 1 A A A I 2 S T 2G4 Rl A
sUNMEARIESY, Bz KA BRI R, &
KT ST I AR FH %) 245 00 590 2 R R 0
BEIRIT YIS SR IRES R, LASEEIG IR
PEUEACHE o
52 {ITHEXESHNTG. BRSARMEK

DI R AR WA 254 — S b g
254y, HEMSPET IZ R . o S AR R £k
AR 05 4 22 R s AL 7 AR R B
PE, FEorKAL . FR T W S sk G R 2
YT T S R Y, BAR T R REAR
5 T 259 (A TR A AR AR IR 3 K b i 6 5 R T ok
FERRBE . M7 RARA B S E T BT 3 5 B AR
1, 0 R PR R B B T RS A i s T HE B A
AT

BT XHRRAE 2590 A s SR 3 S D PR I IR )
WEANTT. BEFTRW, ey i H s
BEFI T R T kb AR B L A N R U
R EACFALR] AR 2 B i AT A
;. GuptaZs " (22 mFPERTST A 13 719
B AT B, b 28.4% (3893 44)) T
W OH 2R (PR 2g), BERIA
FEE AL (14d NI ILEFA7HE 575 RRT, =%
FTo) RERK2.7%, BEMTIEERHDY
5.3%, M IEIR 4% &K J5 KU R 20% (aOR=
0.80, 95% CI: 0.66~0.97); [F]H} ¥R B 2% 5 90d

FERRBFIEFEM (A =125 65 Bk
BARIGIT BT WX IR BT R, %o i
INIXIEE 4 B . AT R i T P A B AR
Sk AR A AH 2 AKD XU A b o 700 B SR o K
I P MENS (HDMTX, =1 g/m?) 2 I g
T ST AATR TR 48 R e TR 1) AR 2, T Y
WA LT RICHEE ORAKEE G2, Glucarpidase)
ALK R A K g R JETE R, SRR R
IO PR SR ARG . [ PRIR S B A R IE
A FHEE AR . X T HERHC<24h T %, 244G
2 )5 24h H 20504 1ML 245 ¥ 4 >50 pumol/L. 36h>30
pmol/L, 42h>10 pwmol/L 5{ 48h>5umol/L, H. Ifil
WUBFAE Lk B Thm, RO S A RUCEE; 24
T K 36~42h, W) Y4 48h FP 05 04 ik >
Swmol/L i 55 % A ] . 2024 4F BRI IR ) B
o LR AELHT 11 DA H 2 R 04 25 24 )5 1) 48~60h 2 7if
F 48 h N, BT 60 hih o A XE LA A9 AN Al 3
FPE. BEJS Gupta 25 ') i KRR Z b B 5T
—HHIESE, MTX-AKI B H h A -RICEERYY 55
P A2 5 3 A & (I IE J& OR=2.70, 95%ClI:
1.69~4.31) . BRiLZAb, 70 fg e B A s i
AR, (L5 R UCHER BRI 45 25, i
A5 VC 45 25 5 48h PR 2R (0 33 1k M) R 4t
WAL 2 R o I R b LAt e S SR O i 3
i, BRI e/ S P B i 1 BEK 5 5 ] A SIS
o B e 9, DA K X e S Ik 9 U AR 25 A AR
(tumor lysis syndrome, TLS) & {di FH 1) 22 et
P S ) DR BRI DA R T 4
BT LR AR, R R T E AR
SRS . HAE MRS . RFET -l 57
(P25 K ZE, LE S Nef2 O FRT
Ui B A AT R T 1 3 R 36 3k & 15 B PR 1R
FIN) s gk AR (an pH R R 4R A A
0K AR e SRR SRR B A ORI, nTaE
T BR TG P S A LR IR T BE, B REME LR Y DN
BT BB T IE R S sl (g4
JEEE AT GMDTC n] 28 A 458 B & BUE
NG E R R e T, R . T
WA T Rt Kz 22 53R 6 1 Jise o 349 T o 1 o) '
OCT2 #4128 5 PO/ D ITEATE B/ NVEF IO R 7T )
DL —sbrh g iR el 2 7 ARt T 2R (n
Aj2G ) B E TNFAIP3 2635, ml4iklIni4A
B PIRRIF ISR SE RN SAE R ™)
5.3 ICI-AKDWi2ia K B#%EEE ICI A
54k 25 WA ) 50 i — PR S AR TR,
ICTAHC B i e B i . ke = R S R I R B
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H A TCAE AT 5 — I RAFE B W] HE X 43 ICI-AKD 5
HAths N AKD, 2 Wr b0 808 I —HE R —
W™ A ™ B IR IA) T 0 W i
JUURF55 PR KL, ML T s 5 1 7 24~72h N A2
2, RIEHEAE AR . RVUE 5 WIRRZZA,
R HEER B AR N L B S TR L R
i 00 3 5 R R 8 M AR . NSAIDs 55
It 25 K AW AR ICTAHDCHT A, R i ogg I k2
%2> (Buropean Society for Medical Oncology,
ESMO) ™ | & [ Ifi K i % 2% 45 (American
Society of Clinical Oncology, ASCO) ' 5 Ji i
S IR J7 %% 2 (Society for Immunotherapy of
Cancer, SITC) " $5 7 ¥siIE7E I R IGI 7Rl
ST REHERR AR Y, R A T R
AHTRDUL R o 17 >4 DS JC i A e B o e sAk . slUR
LR /YA = A NS2 8 (17 QN = 7SR e e s e 7 O
TN, P HEA ICTMCE /N RIS 5
TMA, 5638 FMA Bt 2 b 240 1A 5T e 4
ADAMTSI13 1% 1 . LR ERE . 255 EREH
SRR R AR Ay, IR RIS I S An i,
55 [ 9 B IE K 4% 25 (American Society of
Onconephrology, ASON) 7 3% /& B ™ ¢ ¥
KDIGO 2~3 ] AKTEUEEBN 7 INBRB 1 1 I
BHSS IR RGN AT A7 I DR 5 B A S
BRI EIAYIT . IR CXCLY, TNF-a %%
FbREY (FEIL3.2) WA R DAEAIE KL

£ W12 W 50 DR 5 B2 P4 %€ ICI-AKD 1Y /&
H, WA BRFEEAREPE R ME (Common
Terminology Criteria for Adverse Events, CTCAE)
M) irAE 7 RAE R E VR P R s 190 (I JLET R
HIEFEE EREANES 155 EFEEER) 2/
B ICTT 45 M B AR 1
E ORI IE T R 25 2 G T ICT, 7EHE
3 Ho Al P9 O Bk JE AL 0.5~1.0 mg kg™ -d 1A
¥7, # 5T RWNBETIReTICek s, W% IS AT
TR RIS, IR R N %22 1.0~2.0 mg-
kg ted™'y 3~4 G A BUK AEHTICL, Tk
Jempii FAELL T IR, ST 4~8 ], A
REF K TR, & LR gAE R, 25
ICI-AKD &5 B DI RE T A4S 2408, (EAT A 340 i
FOHE B B R RO AT . e liayT B
R TC G — 7 R i 57 # . AN AL/ RS
17 38 7R TNF - BELUBT AT 558 3 DR 6 S A A s 310
THIFRAE DG 28 1Y B A0, T BRI 151 2R 91 A
g5 0 iR TNF-o 259 903 A 06 SR T %
METR B % TCT-AIN A R4S 55 1 19 B D RE IR &2

R PN S G PR ) ) U TR T 1)
Wk . [FIEE, iy &R AR EY (TNF-of
Cr. CXCL9/Cr) #§ 9% 5K FI] VG B4 7] 2 8 4 (1)
ANEWFTE Y, BN TARSY IR SR T R AT AT
2025 4F- MD L EFRIAE Th0 A0 55 491775 e k52
I0/IV 35 ICT-AIN {4 B [l B P 5 2 v, —
MR SR AP U IS R A AR T
B E N B[] (HR=2.448, 95%CI: 1.292~
4.638) ; NanoString 73 Hy#F — 2 UE 52 B 2H 41 TNF-
o o FE IR B E R A5, 13X O TNF-o 81 A YT
AL T AL B A o BF XD W2 AL ——ICT A
BN AT, BT P SRR T e A
ZE Y, PRI EIRITRCR A RSB 0
UE 3

ZIRIT B IRE A BRI R, Rk
DUV TET I TCT Pk % B DA, 5 He ) ok 4 407 ™ 2
FE R R T R B UG, e
PEPR PR AN B 2y Ty 58, R D) W O akt A
BRH PR ME RS20 . ks, IRl
ABCE H AW — R S R, R 2~3 1 H N
B2V e B A B I 2
e, A3 A NE—k ™ B B
R E & &R 14%~20%, 1 TMA 53
UL B E — AN BRSPS BBk
SR, NAZFRHTIS O B R
BRI % (HACTERE, BUA s B
i R R IRE K BOR VA YT IrAE K B REAIR ICT 1Y
U, Xk “E—RR Rk A AR
TRARME T — M

B % #i % # (kidney transplant recipients,
KTR) HIAAE T ge PR, ke & A
IRV ik 25 e Tl A, AR — R A Y
FHICTHIRZCTHIIG A PRk . A Ze il 50 vl fE I 55 ICT
AT IIRE RN , 1T LT S e RGL A vl gl &
AR EHR RN, R T R
2026 4F ADQI IR 7 IA Ny, Xt B A% Al A2 1k T
ICLHL IR v Y A Al ATk, X BB ERAET
I 2 40 B A S PR A S HE TR B A U 5 18
30%~40%, TEULIERE T, SPUREE T B H
WS S ICIIRY T, 620038 1 2[R P 5 A1 4 IF Al
BITRRES 53k3E, R AR AR SR, it
ISR AAE ST . BREHER N s . B
RBUIEIRTT B AT SAE LSR5 B B 25 22 05 T
2, JIRAE MR AR XU S5 R A 2 T A
T 23R 375 BT 14 JRURS: 22 [ AT o % B 2 10
Jr R IR, TR T 2 AR ICTIR YT R N
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W R B 2 0 e DR A IR, s — 7l
A6 Tl R i 10 71 55) (calcineurin inhibitor, CNI)
e A Sy il FL 3h W) R b A R AR AR O )
(mammalian target of rapamycin, mTOR), DA
TERFEARHE R AURS: 1 [T ERE DR B O 500 o I 4
JENNHRIR T 25, 2 U1 T e & B B
GPEAR AR, S i ke BHE R B 0 5 46 477 500
Zo MPHICUR — B RABEE T, 1HI7R
W AT AR TG R S A . ke e bl . Bt
W RR MR T . WK SRS BREE 1 . DA P B
PO L3 B S L by R RGE T, A4
G— %, BEIRTICIE SR Z & T %4
PEEARAIA T, ICI-AKD 783X 2K E TR i fefd:
EHRIEWAI, BT — D5 BN 5
23k
54 HEAYREEHESETHNESHER

B 2500ia T O B B0 2 S50 253 E
G, HZEEYRA RSB EH, HizWmm
VA FH 25 R 2 A A XN o I N R AR
(vascular endothelial growth factor, VEGF) i %
PRI FUAR S it LAm s . & AR R IR
R, BIE R T UL )R FRPE TMA 5 2 40 e/
Jay kb B MR B I Bk fb (focal segmental
glomerulosclerosis, FSGS) IAFRAIE, HZ5m7
AT R B MEPEAL , JayT N shAS NI (i
GETBCREE) SIREM, RE LS HR=2+E ]
N E— 2 A, B B R R W AT
UPCR i E ™, Fog e FLMR i AU . 45 G Bk
H . ZME IR B HEA TMA, R 2 5
173 G I8 1005 /AR A 45 4 By e B Y ek
K A F 5Z 1K (epidermal growth factor receptor,
EGFR) [i% 2 M2 ¥ i #1 # 77 (tyrosine kinase
inhibitors, TKIs) . BCR-ABL fii £ %k DX 1 551 ]
R AMEE/INEIRIE . v /INE D g i ok ]
Btk R (A5 IgA B ), HilmREH T 5
ICI-AINAH{L, BRIZAKHEUE TG, Beoh, BB 4L
259 (IR R AR S [poly
(ADP-ribose) polymerase, PARP] i3] . 3
MEREJE) AL A U b s s, R AL
[ SAR=T ORI 2 Cc-N M 97 1K = 31))); e -
CHFATH, iR SR BRIy

BT O6F B 1] 25 W) A G B B 03 IR TT . BT
“EF AT SRR R, LU VEGF
PR B ], S B2 9 DL R R s
FEFERIAER TG 25, IR R 252600 7
PAREAR— R S gl n i 2 25 (DLARER BT

AHEE W S e B O A R R R A
5 ORI ), T 24h PREE 122 g I E
2| WK S 47 3K 7 N o D 2Tk ) S I R R T e
B, A RS 2 B(E LA R 5 07 Al K
S 349 AR R4S 253 5 An
WEAS 24, FR 0 25 W) 2% i I m) e ol SR Al 1
JE UL EBEHESR T, R RS U A R
L 585, VEGF 3R A DG 1 IRAE I R
Kb Z IR P/NEREEA T, HE
(KDIGO 'B/NEREIR AT IR Lk ) > P
o a VIR Y Wit K-8 ¥ St qUz i
7l (angiotensin-converting enzyme inhibitor,
ACEi) /I8 Sk ZR N2 458505 (angiotensin 11
receptor blocker, ARB) ZEZjWIKIGYY, NiE2
EE S =0 (| TTR £ T3 (| WA SR AT K/ 7.3 = o=
BBk K - [5 B & 4 (renin-angiotensin-
aldosterone system, RAAS) 1] i 5 2 i 155 |
EAFSE ) SR B A I R 42 1 ik b AT E L 24
WIS RE R Ok . [R]E VEGF ] Rl s iy
KA kb — %L A (nitric oxide, NO) &
i, ETEIIN 2 % -1 (endothelin-1, ET-1) )
B, HALB T S AgeroT Y B R IR
HET-1 BT 5 8 IR ™ AR A S A DG
Nihei %5 ")t 4 H LR 1013 BT-1 7K Al J L) Fi
M DUARER BB TIRYT 5 ™ E AR R R AR R, 12
INAEPUIN R R A2 AR AT B J& VEGF il 7R OC 85 1
JRIA L6 T-BE . Shiscss P BDIE 1 ax —i%
e FEFF R e R, RPN R
A #1271k (endothelin receptor type A, ETA) i
) 51 P4 A 30 AT R R s iU S A PR . SR
KA TE B R R B R T L TeA B R Y K
FSGS '™ SEHAM S 5RO T N R Z Rt
T B REAR AR R I I RAK 0 T VEGF
IR AR O AR 1 PR A R0 B 2 M AR 3R A9 I
IREZI . 812 TMA 5059 25 5 1E 3 2 8075 K A
2y 0 O RER IR SR BRI, TR
% S R A VEGF iR 1 254 (41 mTOR
R BOHABSER 5, iR — 22
DA BAAS A P 42 Tl e SR Fe il e, AN A f B i e
FRIAIE R G IRTT o FMEDL T, RS2y
YA IS D IE, QTR R 2R S 4 (nik by
JE AR G W3 AR PR AT R T e i B e Bt 5
i) Y,

VR (O BSE/NIIN=2295' ALY/ /SEiE i
A MR L A R S R rh B — 2 bR iR
7, PIZSZW B B I I H 2R 2
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Kovalenko % ") £ 47 #Y — T 1 4% ICIs 21245 5
ICIs kA VEGFi HUEIRYT G A SR 25 24250 br
o, R T SR ICT 2 ) RN T AR R R
MR XU (RR=2.15, 95%CI: 1.55~2.97) .
i Dukkipati 25 "' JF & 1) 56 T 1 40 M S PURA
ST REEM RALER S S T s, ARG
D5 ZEIR T ) A O HE 1 DR A #28E VEGF-TKI
PAZ A P R = (OR=2.01, 95%CI 1.58-2.26) .
SAH AT b A A T Y
68.8% £ I R KB /INBR | B /NS ) o R I A TR
AR O, EENE R, X WARRMIZE
25 B AR R 2R B3 HoRE o BCA 2 s oA
B 25 U PR B I RS, AR (IR
P IR AR B /R VEGE 3 JR A S5 1 7 Rz 46
i, EARSCEERE 258 1L AKTFE TG 1 ik
PR A B AN irABs B IE AS G BE MR AR S I
W Z2 48 ] ICTAHSCH G, P58 184 5.3 45 fir
WG REAR A, G RS AR TR R R
J¥ o XPFIHFEOREE B RE R 2 B L o
JEME LA ) 2 B TR se B by i, R RAT
B R IE B RL A  1
55 HEHEMEAYRTHXERGIH
M F

H R 254 Ry e 5 G iR T ) E L LR 4
HAERE G 259367 FHOC B 15455 0 Bl 3 v i (LD
GVERE AR EM . DR IR 2y |
AHERIR A0 b 2 ) EE A
Wi, e A I CKD i AKD Wi FH 24 1
FERE RS . FEUCE ST, FRo 25 HE ICT A G
P rh ORI WA G AR . — 0 A 48 i i
FRTHETEREHLAT T 1 WK, 1R MR
b FECA BT, AT R RINR R A
S WU BCEAG B N ER BT A, R
ICI-AKI B/ A . [ RSk "7 R,
B TE A5 v 24 [ T BE A S VA Y e SO B B 5 TCT
SPR, NTREZEMR irAE, P CHBUREE" AR
TG Ty o AERE I 25RO E i, hEsZy
TR A B X R DL R R FR S . 2026 4F
BATHY I M R ) 290 A B PR P
PR LS8 7 BRI VO e, ek
SLIGYT 12 JE T BH S BRI BT e 25 JE i B0 1 R I ek
W TIRE; 5 BRI ER A A L DLV AT g 2
M5 VEGF 3 B 300 il 7010 AH 5 2 11 AR F8 4 1 24h IR
EHERSBRESE. LR Eass %
W LR MR R R BT S 250 (e, 0 H et
AT S B R 2GR TSR B =

AL, ARG YIRTT X IR A T B 40 R
FHWAT HA — . e R 7E CKD & i
7N H R AT L UL | 2% i Ja R S5 E R Y T e AR
U LI IEE A B h A
Gt 1k e LR B E R 5 B & v a] kst A 3 o
HOJEZ HOERE Y, AT R R
RESZ WU ARG T SRR R A i Bh B, 2
X 24 W B B AR B 0 B VR T B
WEHE

SVA b, b B 2 R AT A DG B A
rh 2 IIEHE ) IE S IR R . A TR 2
K FA/NEEAS | B sy, ZRIR TR,
it = ArEALBHIE 22 5 v B B I, B
2G5 ICT, B pa) 254 2 1) (R A PR AR B
AN, I RN, AT 5 A6 ™ 4% W DU D e fR) i
P FITR,

5.6 4REi&AYTT AKD HIBhIA

CAR-T /Y7 HH 5& AKD (%) B i 5 s 75 il 2 H:
KA HLE R IF . CRS & CAR-TIAYT i & 42 AKD
PIAZ IR R 2, e v B 20 B R B = B 48
ook, O R I RS RGN 5 ]
B AR R IR, 51 B R AT R 2k B /N
f5 L BT Bt RS, AKD W kA THE
J& 7~10d, Xj CRS @Rt EYI4 . Lok, TLS &
—EEEURIRA, HARTEAE TR A0 i gl s
W5 NP KBNS | AR E 4

HARR B ia kg, wips HAT B EZ IR
B B TIRYT TN HEAT AT KHA, X5 fE
B, WMELEIREER . a2z . Mg
faf i, 7F CAR-T iV 5 i I ™ 4% Wil A &
TREE . MR, 25K S F ThRe Ak, A
PRS-, SRS B R vE 258, O Mo a3
JERYL B I . ADQIAEIR 7 A ISR IRt P 1
AL 3L 6 AR HAERE G I LR
P g AR FLEE S LB EE{E (urine albumin-
to-creatinine ratio, UACR) I (&%) JREEHAS
AL BF b {d (urine protein-to-creatinine ratio,
UPCR) £ W , >4 3% /& UACR > 30 mg/g 5§
UPCR > 200 mg/g It N 712 2§ B, S A 2L
M il CRS 7] I 35 B#AIR AKT B & AR F = S AR
BRI R S A 19 CRS (K#)
DIXPRE A 3, BT R o L I UL A Ha fi
Fis 2 ML I CRSPRARIMERET, HEFAFR DKM
R ETE L P AR B IEHETT: ;. 2 9 CRS HEFZE
AT R, DU AR T (IL-6 52
RFEHLH) 8 me/kg Fbkf:, LENTELLS
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25 T 2 5T 3% R P T BBk S B e a0 E
CRS "' BFXFTLS, IV AE = 6 H 3 v S it b o
W7 it , LA e A AL M PR BRIy 4 7
2 TEARORA IAE D) PTG R AR ICANS 9 & A 2 RTAE
IRAFLEI]

HAAERAE, CAR-TIRITRIAAE T IIREAR
IR S, W PEARSE Y $E28 CAR-T
FEH B D RE N 4 R TR nT S, (EURE R Y
AKD XUt 238w, — H& A= B o] BRI IR 19
Ja AL, Rt CKD B, RifE L
BHABAPEAR 5 HEA T AR ISR, B B PR B
A A CRSEFEH &1 3B A 2 & R R BT
&, BRMEEA I H CD19 15 CAR-TIRYT
P LI IR T 2 2086 A P iRl 1, (ke
¥l % CRHEFGAHIE) BRIRIEE . ok
TR T APl A R HE R B2 B M 45 i AT e =
FEOEHE (L R, SRR AT R R Y R
BEAEBIF 2 S WA ) CAR-T A6 AKD 1 5 A B 16 5
W, [ RSO SR AR AT A4 AL
6 B

iR 5 B R 22 (R R e 1) B —If K
JE” KFR, ME— A AR AR A
KL IG R nT B B, B T RE A2 45 sk
SR BRGNP Jy R, A= kg
TRITRAEAEAR AR o DRI i X fb e R A B T e At
B, SEHSWIT R 5 ATt L B AL
R iRt . AR 55 5 S A BELAR i
P S5 R AR B R 5 ¥ R DG XU A I A 1
YRR R L, AR A S 28R
RS RN E,

BRSO, R v B A A iR B R 24 AT
IR E ST . OY)RERGHEE 2= AR 1)
5, %%%%%ﬁ%%a%%ﬁﬁﬁﬁmw

- E AR, SRS 3 AR TR0 B RE P Y
Bep AR BSR4l R4S

AN AR €7 b et = E T B N LB i U o e A ) 4
ONZ 5T QiskE Rk, YR
EITETE B —FEBRRBEXT b, 18] LA PR 7]
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