570 ﬁi%lﬂu%?ﬂﬁ

(¥ D& EZR L) 2026443655561
CHINA ONCOLOGY 2026 Vol.36 No.6

. "L@ %‘ L]

B IRIGIE EINE BB B In KR IE FFFERY

o] Join 4 BA 51 A 33

57[3;y 1, 2, 3, 4 *ZJ 5 ﬁ ZEE1,2,3,4 ? ? 1, 2, 3, 4
KBS, XIS, T/heg" >>4, x| gt

1. 2 BI2EME Al BB AR, B 200032;

2. i B ST g T, L@mmn

3. T IR IE IR S22 5 Hroly, IE 200032

4Lﬁm%%ﬁﬁﬁﬁ%?é,iﬁmmn,
5.7V NRERBEE AL, V7Y & 3300065
6. P BAEEEPOENE, B 201104;
7. 8 B REFHAEFPew s &, LR 200032

(FHE] B=58M: SHENEEMNE (myeloproliferative neoplasm, MPN) J&
— ST I RGN, B RS MEREME 1 % (chronic myeloid
leukemia, CML). EMELTANfE3% L4E (polycythemia vera, PV) . JRA& I/ MR
4 Z JE (essential thrombocythemia, ET) . Ji & M & %8 £F 4 & (primary
myelofibrosis, PMF). MPN &3 5 DIGEA 4 B3 B iE ks R B, i
WRIANTERE . ARBEST i B O BRI PR BABI ST, &1 X MPN B35 1Y 5 2
TS R S AE S Y K I 5 T A0, ik IRIBUPE IR 2015 4F 1 1 1 H—2025
iE6 H30 HIERE Djti%f?rﬂﬁEPmtf&%'%mﬂrﬁz&%ﬁ'%?fﬂiﬁﬁﬁ% MPN 5 ], 44
AbRHER . O FR KT 1845 @ IR !iﬁ@?EUTZﬁ CML, PV, ETa
PMF. ZrFd T i 248, Hﬁl%%%}\ﬂéﬁfr BORL. IMIEEIZW . B IRAE
SIS, DLRCERE SO EHR T R BORE . R URIEN . AR RS
82 B RS A I BB S BE 2R 51 2t (B2025-720R ), Fﬁﬁ%%ﬂ]ﬁ%%ﬂ%ﬂ
B, &R ORI BRI 10 92741, A MPNEFEIL 1441 (0.13%), H
T4 CML, 5PV, 4BIET, 1§IPMF, BEBFIEKNTEHERS336%, B
116 (78.6%), BALbfil3.7 « 1. FiAT A INBRIZ I 3R Ge e 218232 B
R A N 0~174E, Azt N 113 (0.13~6.25) 4F. 6 BI&IFRIE, 2614
IR, LB A ZE A N s 7 BlAE A B DhBE 240, M LIEF 30K
(149.4+106.3) wmol/L. 14WIXIFFAE IR, Horb 1A R B 25 G iE L I
PRo AN[A) MPN V78 5 35 B 1 ROK P A A 0 2 25 5. PR J THT, TgA
FORE L (42.9%), BREEFCY Bed: B /NERBEAL | /N0 38 R i A A8 L B/ hER
FHRAT A B 7R B L 2 2 MPN AR 518 P B D o B A B2 A AIE, 2 AR
HE /N L L 2T G e 2 R R T AR /MR R R AR /AR, R B T 130
(53.0~480.0) J&, efilE# Eohnesn (k) &&ARIE—L8MA, BB B iR
s H G AR, 40018 ThBE R AR UK s, Hor 2 B B R B S R R
g% FOARAE DIARIGE & MPN OGS B4 1) R 2GR LI, 1gA B2
MPN & 1 B0 05 5 e i DL AR B2 2880 /NS T B B /MR L AR/
PRE R IV B PR T RE B A% 1T BEZ MPN B R IE 22— S IG5 AR AS1 B
FEE— 2548 78 MPN AR B 5047 s DA B R a5 R T
[RE&IR | BREHIEMR; B0 1gA B ; IMEPERUAAERT; Rkt Betk
BNk AL
hESHES: R737.11 XHERERD: A
DOI: 10.19401/j.cnki.1007-3639.2026.06.004

E£WH: Eﬁk%w}%qﬂmtw&ﬁ
Ty PG AEI H TR M RNk
s BAF” (ZSZBDL202401 ) .
PR A EF I & o,
RIEHL4: B2025-720R,

MIERE: CIREL

SIS : U 9 M, 4 2, . BHE
B o g 5 A R A4 I DR B AR A
Féy 1] JEE 4 BA A BF 5 (). vl el 9 o 2% A
2026, 36(6): 570-580.

CC1i#i¥: CC BY-NC-ND 4.0,

Funding: Zhongshan Hospital Affiliated to
Fudan University Institute-level Special
Disease  Cohort Construction Project
"Shanghai Chronic Glomerulopathy Speci-
alized Disease Cohort" (ZSZBDL202401).
Conflicts of interest: All authors declare
no conflicts of interest.

Ethical approval: B2025-720R.

Informed consent: Acquired.

Cite this article: SHEN Z Y, YANG M,
JIN S, et al. A retrospective cohort study of
clinical and pathological analysis of renal
injury in patients with myeloproliferative
neoplasms [J]. Chin Oncol, 2026, 36(6):
570-580.

CC license: CC BY-NC-ND 4.0.



(% @& %2 &) 2026453645 610) 571

A retrospective cohort study of clinical and pathological analysis of renal injury in patients with
myeloproliferative neoplasms SHEN Ziyan"*** YANG Mei’, JIN Shi"*** LI Jie"*** ZHU Qifan’, LIU
Xueguang’, DING Xiaogiang">**, LIU Hong">>* (1. Department of Nephrology, Zhongshan Hospital Affiliated to
Fudan University, Shanghai 200032, China; 2. Shanghai Institute of Nephrology and Dialysis, Shanghai 200032,
China; 3. Shanghai Clinical Research Center for Kidney Diseases, Shanghai 200032, China; 4. Shanghai Key
Laboratory of Kidney Disease, Shanghai 200032, China; 5. Department of Nephrology, Jiangxi Provincial People's

Hospital, Nanchang 330006, Jiangxi Province, China; 6. Department of Nephrology, Shanghai Geriatric Medical
Center, Shanghai 201104, China; 7. Department of Pathology, School of Basic Medical Sciences, Fudan University,
Shanghai 200032, China)

Correspondence to: LIU Hong E-mail: liu.hong@zs-hospital.sh.cn

[ Abstract] Background and purpose: Myeloproliferative neoplasms (MPNs) are a group of chronic clonal hematopoietic
disorders, primarily including chronic myeloid leukemia (CML), polycythemia vera (PV), essential thrombocythemia (ET), and
primary myelofibrosis (PMF). Renal biopsy is rarely performed in patients with MPN and renal insufficiency, and the etiology of
renal injury remains unclear. This study conducted a single-center retrospective clinical cohort analysis to investigate the
pathological types and prognostic outcomes of renal biopsy in MPN patients. Methods: A retrospective collection of MPN cases
hospitalized for renal biopsy in the Nephrology Department of Zhongshan Hospital affiliated with Fudan University from January 1,
2015, to June 30, 2025, was conducted. Inclusion criteria were: (1) age over 18 years; ) clinical diagnosis including any of the
following: CML, PV, ET, or PMF. The electronic medical record system was reviewed to collect patients' demographic data,
hematological diagnoses, comorbidities, pathological diagnoses, as well as renal and hematological treatment regimens, renal
function, and proteinuria. This retrospective cohort study was approved by the Ethics Committee of Zhongshan Hospital, Fudan
University (approval No. B2025-720R) and the informed consents of the patients were acquired. Results: During the study period, a
total of 10 927 cases of renal biopsy were performed, including 14 cases (0.13%) of MPN patients, including 4 cases of CML, 5
cases of PV, 4 cases of ET, and 1 case of PMF. The average age of patients undergoing renal biopsy was 53.36 years old, with 11
males (78.6%) and a male-to-female ratio of 3.7: 1. The time from diagnosis of hematological diseases to renal biopsy for all patients
was 0-17 years, with a median time of 1.13 (0.13-6.25) years. Six cases were complicated with hypertension, two cases with
diabetes, and one case had a personal history of cerebral infarction. Seven cases had renal dysfunction, with an average blood
creatinine level of (149.4+106.3)wmol/L. All 14 cases had proteinuria, with 1 case reaching the range of nephrotic syndrome. There
were significant differences in proteinuria levels among patients with different subtypes of MPN. In terms of pathological types, IgA
nephropathy was the most common (42.9%). Glomerular and segmental glomerulosclerosis, small vessel and microvascular lesions,
mesangial sclerosis, and mesangial cell proliferation are the most common pathological manifestations of chronic kidney disease in
MPN patients. Two patients' tubular epithelial cell ultrastructure showed lamellar bodies and myeloid bodies. During a median
follow-up of 130 weeks (53.0-480.0), 6 patients experienced further deterioration of renal function and/or proteinuria, 1 patient had
sustained kidney damage without significant changes, and 4 patients showed improvement in renal function and proteinuria levels,
with 2 patients achieving complete remission. Conclusion: Proteinuria and renal dysfunction are the main clinical manifestations of
MPN-related renal injury, and IgA nephropathy is the most common renal pathological type in MPN patients with combined renal
injury. Lysosomal dysfunction shown by myeloid bodies and lamellar bodies of renal tubular epithelial cells may be one of the
characteristics of MPN renal injury. Further large-scale cohort studies are needed to reveal the clinical pathological characteristics
and prognosis of renal injury in MPN patients.
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Jan 2015-June 2026 renal
biopsy in Zhongshan Hospital,
Fudan University: 10 927 cases

l—'

Initial included study
subjects: 14 cases

Inclusion criteria:

@ Age over 18 years old,
gender not limited;

@) Clinical diagnosis included
one of the following: CML,
PV, ET, or PMF;

(3 Complete baseline data

Final included study

Exclusion criteria:
@ Previous kidney transplantation;
@ Previously known kidney diseases

subjects: 14 cases

CML: 4 cases

|
PV: 5 cases |
|

ET: 4 cases

PMF: 1 case |

B1 BEMNHERRERREZE

Fig. 1 Flow diagram of participant selection
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E2 MPNB#H15 5 &K BB fRIE S
Fig. 2 Typical renal pathological manifestations of MPN patients with renal injury

A-B: Mesangial proliferation: moderate increase in glomerular mesangial matrix and moderate proliferation of mesangial cells; A: PAS staining (x
400); B: PASM staining (x400); C-F: Thrombotic microangiopathy, ischemia and contraction of glomerular capillary loops, swelling and edema of
endothelium with proliferation of endothelial cells and blockage of lumen. Edema and mucinous changes were also seen in small artery intima, with
lumen narrowing and vessel wall thickening. Formation of transparent thrombus in the afferent small artery, visible small artery intima hyperplasia
and edema under electron microscopy; C: HE staining (x400); D: PASM staining (x400); E: PAS staining (x400); F: Electron microscopy; G-H:
Podocyte injury, segmental capillary endothelial vacuolization accompanied by the formation of small cellular crescents. Under electron microscopy,
epithelial foot process cells can be seen swollen, and foot processes are widely fused with the formation of massive microvilli.
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Tab.1 Comparison of clinical and pathological characteristics of patients with renal injury diagnosed with different subtypes of MPN

Item PV (n=5) ET (n=4) CML (n=4) PMIF)(": P value
Agelyear 61 (30.0, 71.0) 39.5(30.5,63.5)  66.5(43.3,73.3) 60.0 0.706 5
Male n(%) 4 (80.0) 3(75.0) 3(75.0) 1(100.0) >0.999 9
Comorbidity n(%)
Hypertension 4 (80.0) 1(25.0) 1(25.0) 0 0.260 7
Diabetes 1(20.0) 0 0 1(100.0) 0.1429
Renal manifestation to renal biopsy time/month 24.0 (6.25, 48.0) 1.8 (0.53,9.75) 15.0 (2.25, 24.0) 5.0 0.480 7
Serum creatinine/(jumol - L™ 91.6+25.7 127.8+83.7 247.3+148.3 133.0 0.0523
eGFR/(mL-min™-1.73 m?) 69.1(53.3,87.4) 88.9(30.8,114.5) 35.1(16.4,54.7) 53.0 0.1882
Serum uric acid/(umol-L™") 396.0 (352.5, 384.0 (353.3, 448.5(290.3, 410.0 0.989 1
471.0) 663.0) 477.0)
Urine protein/(g-d™) 0.91(0.74,4.44)  1.46(1.10,2.47)  0.37(0.26, 0.59) 2.39 0.019 7
LDH/(U-L™) 222.0 (180.5, 312.0 (2333, 215.0 (170.0, 309.0 0.2151
340.5) 719.3) 247.3)
Major diagnosis of renal pathology n(%) 0.701 7
IgAN 3(60.0) 1(25.0) 2 (50.0) 0
FSGS 1 (20.0) 1(25.0) 0 1 (100.0)
TMA 0 1(25.0) 0 0
MCD 0 1(25.0) 0 0
MN 1 (20.0) 0 0 0
CTIN 0 0 1(25.0) 0
Others 0 0 1(25.0) 0
Renal pathological features n(%)
Endothelial injury 2 (50.0) 1(25.0) 0 0.3956
Mesangial lesion 3(60.0) 4 (100.0) 2(50.0) 1(100.0) 0.5205
Podocyte injury 3(60.0) 2 (50.0) 2 (50.0) 1(100.0)  0.999 9
Cellular or fibrocellular crescent 2 (40.0) 2 (50.0) 1(25.0) 0 0.999 9
Segmental sclerosis 3(60.0) 2 (50.0) 1(25.0) 1(100.0)  0.790 2
TMA or ischemic or vascular lesion/% (P25, P75) 4 (80.0) 2 (50.0) 3(75.0) 1(100.0) 0.8402
Global sclerosis 29.0 (8.5, 69.5) 35.0(8.5,36.8) 26.0 (1, 73.5) 51.0 0.7615
Tubulo-interstitial fibrosis 30.0 (7.5, 65.0) 15.0(11.3,41.3)  32.5(11.3,50.0) 30.0 0.9362
Vascular lesion score (0: No, 1: Mild, 2: Moderate, 3: 1.0 (0.5,2.5) 0.5 (0, 2.5) 2.0(0.25,3.0) 2.0 0.8715

Severe)/(P25, P75)

MPN: Myeloproliferative neoplasms; eGFR: Estimated glomerular filtration rate; LDH: Lactate dehydrogenase; IgAN: IgA nephropathy; FSGS:
Focal segmental glomerulosclerosis; TMA: Thrombotic microangiopathy; MCD: Minimal change nephropathy; MN: Membranous nephropathy;

CTIN: Chronic tubule-interstitial nephropathy.
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Tab.2 Treatment and follow-up of 11 MPN patients
MPN .
subtype/ Baseline Baseline Follow- Last
Patient Age/ diagnosis Comorbiditi serum urine Renal Renal MPN up I-year  2-year follow-
creatinine/ . pathology . renal renal
No. gender to renal es I protein / ttern treatment  treatment  time/ oenosis proznosis P renal
biopsy (pin_lo (g'd'l) pa week PTO® prog prognosis
time/ year )
1 25/F PV/0 HTN 80 0.86 IgAN (Lee IV; ARB Aspirin 480 PD PD PD
Oxford: M1EOS
1T1CO)
2 68/M PV/0 HTN 102 0.62 PLA2R- RTX+ARB None 120 PD PD PD
positive MN
(stage 1)
3 74/M  PV/6 HTN 125 1.96 FSGS TGs+ARB HU 130 SD PD PD
4 63/M  PV/2 HTN and 56 6.93 DIgAN; @  Prednisone+ HU 135 PR PR PR
stroke Hypertension- FK506+
related renal ARB,
injury; @ changed to
Ischemic CsA+
nephropathy telitacicept+
(cortical TGs,
infarction) changed to
nefecon
5 47M  ET/0.2 None 114 1.07  IgAN (Lee - Prednisone+  HU+ 412 PR PR PD
IV, Oxford: M1 TGs+ARB+  aspirin
E1S0T0CO) Bailing
capsule
6 32/ M ET/1.8 None 75 1.73 FSGS with  Prednisone+  Aspirin 279 PR SD CR
crescents ARB
7 30/M ET/4 None 72 1.19 MCD TGs+ARB+  Aspirin 157 PD PR PR
Huangqi
granules
8 68/M  CML/17 None 157 0.26 (D IgAN (Lee Maixuekang Imatinib 53 PD / PD
V, Oxford: M1 granules
E0S0T2CO0);
(2 Segmental
TMA
9 65/M CML/2.5 HTN 463 0.63 Ischemic Keluoxin Imatinib 125 PR SD SD
nephropathy capsule
10 36/M CML/0.5 None 143 047  (DIgAN (Lee Prednisone+ Flumatinib 120 SD CR CR
I, Oxford: M1 ARB+
E1S1TOC1); Niaoduqing
(@ Subacute granules
tubulointerstitial
injury
11 60/M PMF/0.4 DM 133 2.39 FSGS Prednisone+ Ruxolitin 107 PD PD PD
Kunxian ib
capsule+
Bailing
capsule

CML: Chronic myeloid leukemia; PV: Polycythemia vera; ET: Essential thrombocythemia; PMF: Primary myelofibrosis; HTN: Hypertension;
DM: Diabetes; ARB: Angiotensin Il receptor blocker; TG: Tripterygium glycosides; RTX: Rituximab; HU: Hydroxycarbamide.
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Tab.3 Clinical and pathological characteristics of MPN patients with renal injury in the 1-year follow-up: remission vs non-remission
groups
Characteristics Remission group (n=4) Non-remission group (7=7) P value
Gender n >0.999 9
Male 4 6
Female 0 1
Age/year 55(35.8,64.5) 60.0 (30.0, 68.0) 0.884 8
Urine protein/(g-d™) 1.4 (0.74,2.77) 0.86 (0.47, 1.96) 04121
eGFR/(mL-min™'-1.73 m?) 74.75 (27.93, 107.4) 57.6 (45.9, 69.1) 0.4121
Renal manifestation to renal biopsy time/month 18.0 (3.45, 24.0) 6.0 (0.5,24.0) 0.748 5
MPN diagnosis to renal biopsy time/year 1.875 (0.57,2.38) 0.5 (0, 6.0) >0.999 9
MPN subtype n 0.836 4
PV 1 3
ET 2 1
CML 1 2
PMF 0 1
Renal pathological features
Endothelial injury (0: No; 1: Yes) 0 (0, 0.75) 0(0,0) >0.999 9
Mesangial lesion (0: No; 1: Mild; 2: Moderate; 3: Severe) 1(0.25, 1.75) 1(0,2.0) 0.984 8
Podocyte injury (0: No; 1: Mild; 2: Moderate; 3: Severe) 0(0, 1.5) 2(0,2.0) 0.3939
Cellular or fibrocellular crescent/% 1.5 (0, 21.75) 0(0,0) 0.406 1
Segmental sclerosis/% 1.5 (0, 21.75) 0 (0, 13) 0.909 1
Global sclerosis/% 31(13.25,70.5) 26 (0, 48.0) 0.624 2
Tubulo-interstitial fibrosis/% 32.5(15.0, 50.0) 30(10.0, 50.0) 0.757 6
Vascular lesion score(0: No; 1: Mild; 2: Moderate; 3: Severe) 1.5 (0, 3.0) 1(0,2.0) 0.890 9

#*4 MPNARTLE SR EENTGLE

Tab. 4 Renal prognosis of patients with renal injury in four

subtypes of MPN
Item PV ET CML PMF
1-year renal remission 1/4 2/3 1/3 0/1
1-year renal progression 2/4 1/3 1/3 1/1
2-year renal remission 1/4 2/3 12 0/1
2-year renal progression 3/4 0/3 0/2 1/1
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