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A Case Report
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Tyrosine kinase inhibitors (TKIs), such as imatinib, dasatinib, and nilotinib, have been used to treat chronic myelogenous leukemia 

(CML). The adverse effects of these TKIs vary according to the site of signaling pathway inhibition. Here, we report a case of dasati-

nib-induced proteinuria. A 56-year-old Korean woman was diagnosed with CML and treated with dasatinib. However, 3 years later, 

the patient developed hypertension and microalbuminuria. Losartan was ineffective, so a kidney biopsy was performed, which revealed 

dasatinib-associated glomerular changes. Subsequently, dasatinib was switched to nilotinib. After 1 month, the spot urine protein/crea-

tinine ratio decreased from 2,985.0 mg/g to 237.8 mg/g. This case of heavy proteinuria developed after long-term TKI treatment and 

improved rapidly after switching to another TKI. The proposed strategy is important because it eliminates the need to discontinue the 

medication or use immunosuppressive drugs to treat proteinuria.  (Korean J Med 2023;98:144-150)
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INTRODUCTION

Chronic myelogenous leukemia (CML) is a myeloprolifer-

ative neoplasm characterized by the uncontrolled proliferation of 

mature and maturing granulocytes. This condition develops due 

to the production of an activated tyrosine kinase (TK) from the 

fusion of BCR and ABL. The introduction of tyrosine kinase in-

hibitors (TKIs) into the initial treatment strategy has improved 

the prognosis of patients with CML. Imatinib, a first-generation 

TKI, is the first-line agent for the treatment of CML, whereas 

second-generation TKIs, such as dasatinib and nilotinib, are used 

in cases with side effects or a poor response to imatinib [1]. The 

adverse effects of these TKIs vary depending on the site of sig-

naling pathway inhibition. Here, we report a case of dasati-
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Figure 1. Kidney biopsy results. (A) Low power view of the kidney biopsy specimen with focal global glomerulosclerosis (6/22), no crescent
formation, and mild chronic tubulointerstitial changes (periodic acid-Schiff stain; original magnification, ×40). (B) High-power view with
diffuse segmental corrugation and double contouring of the glomerular capillary walls (periodic acid-Schiff stain; original magnification,
×400). (C) Electron micrograph. There are some mesangial electron dense deposits and segmental corrugation of the basement membrane.
In addition, widening of the lamina rara interna and mesangial interposition are noted (red arrow), along with focal foot process effacement
(transmission electron microscope; original magnification, ×3,000).

nib-induced proteinuria.

CASE REPORT

A 56-year-old Korean woman with no history of kidney dis-

ease was referred to the hematology outpatient clinic due to de-

tection of thrombocytosis during a routine medical checkup. 

Initial blood examination indicated a white blood cell count of 

13.2 × 103/µL, hemoglobin level of 11.0 g/dL, and platelet count 

of 741 × 103/µL. Based on the results of bone marrow biopsy, 

the patient was diagnosed with granulocytic-megakaryocytic 

CML in the chronic phase. Major BCR/ABL rearrangements 

were also detected. Therefore, dasatinib therapy (100 mg/day) 

was initiated, and the patient exhibited complete hematological 

remission within 6 months. However, after 3 years, she pre-

sented to a cardiology outpatient clinic with high blood pressure 

(155/84 mmHg). Microalbuminuria was detected during the 

medical workup, and she was referred to the nephrology clinic 

for further evaluation.

During her first visit to the nephrology clinic, she exhibited 

albumin (1+) levels on routine urinalysis, spot urine albumin/crea-

tinine ratio of 639.4 mg/g, and spot urine protein/creatinine ratio 

of 823.9 mg/g. Laboratory tests showed a serum creatinine level 

of 0.88 mg/dL (estimated glomerular filtration rate, 67 mL/min/1.73 

m2 [4-variable modification of diet in renal disease study equation]), 

blood urea nitrogen level of 18 mg/dL, total cholesterol level 

of 255 mg/dL, and low-density lipoprotein cholesterol level of 

183 mg/dL. Anti-nuclear antibody was positive with a titer of 

1:640 and a homogenous pattern. Tests for complement 3 (C3), 

C4, anti-neutrophil cytoplasmic antibody, anti-double stranded 

DNA antibody, urine protein electrophoresis, and urine im-

munoelectrophoresis yielded negative results.

Therefore, losartan (25 mg/day) was initiated to treat hyper-

tension and proteinuria. As the proteinuria worsened despite 

good medication compliance, the losartan dose was gradually in-

creased to 100 mg/day. After titration with losartan, systolic 

blood pressure was maintained at < 130 mmHg. Nevertheless, 

a nephrotic range of proteinuria persisted, and kidney biopsy 

was performed (Fig. 1).

Light microscopy revealed mildly enlarged glomeruli and leuko-

cyte infiltration. Some glomeruli were globally sclerotic (6/22), 

and none showed crescent formation. The mesangium was enlarged 

because of an increase in the matrix with trivial hypercellularity. 

The glomerular capillary walls were mildly thickened with segmen-

tal corrugation and double contouring. The tubules showed mild 

degenerative changes in epithelial cells, focal dilatation with protei-
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Figure 2. Urine protein/creatinine ratio change. Cr, creatinine.

naceous casts, and mild atrophy. Immunofluorescence microscopy 

was performed for immunoglobulin (Ig) G, IgM, IgA, C3, C4, 

C1q, and fibrinogen. Diffuse mesangial staining of the glomeruli 

was observed for IgM/IgA/C3 (all 2+) and C1q (±) and focal 

vessel staining was noted for IgM (1+) and IgA/C3/C4 (all 2+). 

Electron microscopy revealed three glomeruli with mesangial elec-

tron-dense deposits and segmental corrugation of the basement 

membrane. Moreover, widening of the lamina rara interna and 

mesangial interposition was observed with focal foot process 

effacement.

The overall morphological findings suggested the possibility 

of IgA nephropathy and dasatinib-associated glomerular changes. 

However, the patient’s clinical course was more compatible with 

dasatinib-associated glomerular changes. Therefore, the patient 

was switched from dasatinib treatment to nilotinib therapy (300 

mg twice daily), which has similar efficacy and safety for CML. 

Losartan administration was continued. After 1 month, the pro-

teinuria had decreased (spot urine protein/creatinine ratio of 

2,985.0/237.8 mg/g), but the serum creatinine level remained 

constant (Fig. 2). Subsequently, complete remission of protei-

nuria was maintained and there has been no recurrence of CML.

DISCUSSION

Vascular endothelial growth factor (VEGF), epidermal growth 

factor, and platelet-derived growth factor (PDGF) are key factors 

in the growth and dissemination of tumors [2]. These factors 

bind to TK receptors, leading to cell migration and proliferation. 

Overexpression of these factors is associated with tumor angio-

genesis, growth, and metastasis [3]. TKIs play a prominent role 

the treatment of Philadelphia chromosome-positive lympho-

blastic leukemia. The Philadelphia chromosome is a result of re-

ciprocal translocation of the ABL gene on chromosome 9 and 

the BCR gene on chromosome 22. The BCR-ABL combination 

produces constitutively active TK, which results in rapid cell ex-

pansion and is the major cause of CML and Philadelphia chro-

mosome-positive acute lymphoblastic leukemia. Imatinib mesy-

late is a first-generation TKI [3]. TKIs primarily inhibit angio-

genesis and have been used effectively in the treatment of vari-

ous types of malignancies, particularly CML. However, TKIs are 

also associated with side effects, such as bone marrow sup-

pression, diarrhea, nausea, vomiting, rash, and proteinuria.

The pathogenesis of glomerular changes caused by TKIs that 

lead to proteinuria remains unclear. However, one possible cause 
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is the inhibition of VEGF by TKIs, which activates VEGF re-

ceptor 2 in glomerular capillary endothelial cells [3,4]. Inhibition 

of VEGF in podocytes results in the loss of endothelial fenestra-

tions in glomerular capillaries, glomerular endothelial cells, and 

podocytes, leading to the development of proteinuria [5]. In vivo 

experiments showed that VEGF-deficient mice developed hyper-

tension and significant proteinuria, along with features of throm-

botic microangiopathy (TMA) on electron microscopy [3]. In 

human studies, dasatinib was shown to inhibit VEGF-induced 

phosphorylation of focal adhesion kinase 1 and to induce clinical 

syndromes with proteinuria, hypertension, and a reduced glomer-

ular filtration rate [4]. Another potential mechanism of renal in-

jury caused by TKIs is the decrease in nitric oxide (NO) pro-

duction by endothelial cells, which may lead to hypertension and 

increased proteinuria [3]. The frequent simultaneous occurrence 

of proteinuria and hypertension as side effects of TKIs suggests 

that hemodynamic changes, such as elevated pressure in the glo-

meruli, may be associated with TKI-induced proteinuria. This 

phenomenon was similar to that observed in exercise-induced 

proteinuria. Furthermore, the incidence of proteinuria appears to 

be closely related to the dose of TKIs and development of hy-

pertension [5].

Proteinuria, defined as urinary protein excretion > 300 mg/day, 

is a common adverse event in patients receiving angiogenesis in-

hibitors (Table 1). Maruyama et al. [6] reported a 57-year-old 

woman with advanced lung adenocarcinoma who was treated with 

the TKI gefitinib and developed nephritic syndrome. In that case, 

renal biopsy revealed minor glomerular abnormalities, and the 

patient’s symptoms improved after discontinuation of gefitinib; 

after switching to another TKI, erlotinib, the patient achieved re-

mission of proteinuria. Wallace et al. [4] reported a 63-year-old 

African American woman without any history of kidney disease 

who was diagnosed with CML and treated with dasatinib. The 

patient developed proteinuria after 3 months, and subsequent renal 

biopsy indicated morphological features consistent with low-grade 

endothelial injury and chronic TMA. After switching to imatinib, 

the proteinuria improved rapidly. Holstein et al. [7] reported a 

58-year-old woman with CML who was treated with imatinib. 

After 6 months, RT-PCR of peripheral blood yielded negative 

results for BCR-ABL. However, 2 years after initiation of imatinib, 

she was admitted with blast crisis. Therefore, her medication was 

switched from imatinib to dasatinib, and hydroxyurea treatment 

was initiated. After 4 days, her creatinine level rose to 122 µmol/L, 

and urinalysis showed a specific gravity of > 1.030, blood level 

of 3+, and protein level of 2+. The patient subsequently developed 

anuric renal failure, and hemodialysis was initiated. Following 

discharge, the patient was transferred to another facility for man-

agement of the blast crisis. Treatment with dasatinib was dis-

continued, and hydroxyurea was initiated along with nilotinib (400 

mg twice daily). Thereafter, hemodialysis was tapered, and urine 

output improved to 1,100 mL/day [7]. These findings were con-

sistent with the side effects of TKI (proteinuria) observed in this 

case.

In the abovementioned cases, proteinuria improved after 

switching to another TKI. The temporal relationship between on-

set of nephrotic syndrome and TKI therapy, and the resolution 

of proteinuria with discontinuation of the therapy, strongly sug-

gested an association between TKIs and proteinuria in these pa-

tients [3]. To our knowledge, this is the first report of a case 

in South Korea in which heavy proteinuria developed after 

long-term TKI treatment (3 years) and improved after switching 

to another TKI. Although proteinuria appeared to be a delayed 

renal complication of dasatinib treatment, it improved rapidly af-

ter switching from dasatinib to another TKI (nilotinib), followed 

by complete remission of proteinuria. Complete remission of 

CML without proteinuria was observed after switching to 

nilotinib. We will continue to monitor the effects of nilotinib in 

this case. According to the literature, both imatinib and nilotinib 

are effective in treating CML and are not associated with protei-

nuria [4]. Imatinib is a selective TKI that affects the activity of 

PDGF receptors. Indeed, imatinib exhibits marked renoprotective 

effects, as reported by Iyoda et al. [8] who found that imatinib 

suppressed proteinuria and attenuated the development of glo-

merulosclerosis and tubulointerstitial injury even after short-term 

use. Furthermore, Iyoda et al. [8] reported that rats treated with 

nilotinib, a second-generation selective TKI, had less proteinuria, 

attenuated glomerulosclerosis, reduced tubulointerstitial damage, 

reduced macrophage infiltration into the tubulointerstitium, and 

prolonged survival compared to controls [9].

TKIs are associated with a wide range of adverse events, in-
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cluding proteinuria. Although most of these events are well tol-

erated, treatment interruptions, such as dose adjustment or 

switching to an alternative TKI, are necessary when adverse 

events are intolerable. After treatment interruption, most adverse 

events improved, and most patients showed equivocal or im-

proved molecular responses to CML.

Due to the lack of controlled studies on the treatment of neph-

rotic-range proteinuria and TMA, there are no guidelines for further 

treatment. If proteinuria is in the non-nephrotic range and the 

serum creatinine level is stable, angiotensin converting enzyme 

(ACE) inhibitors or angiotensin receptor blockers (ARBs) can be 

initiated. If proteinuria is sufficiently severe to warrant discontinua-

tion of the agent and does not respond to ACE inhibitors or ARBs, 

the medication can be switched. However, proteinuria commonly 

persists even after discontinuation of TKIs. Therefore, maintenance 

of ACE inhibitors or ARBs is often needed [10]. In addition, 

controlling high blood pressure is important to prevent proteinuria. 

Based on the results of previous studies, high baseline systolic 

blood pressure is the only predictive factor for VEGF receptor-

TKI-induced hypertension. However, the current clinical guide-

lines do not specify the use of antihypertensive drugs. In a previous 

study, no differences were observed with use of calcium channel 

blockers and angiotensin receptor II blockers as first-line anti-

hypertensive agents [11]. In other studies, ARBs were shown to 

reduce the pressure on the glomeruli and decrease proteinuria, 

consequently inhibiting the deterioration of renal function [12-14].

TKIs are thought to cause proteinuria by affecting VEGF and 

NO levels but, due to the lack of systematic studies on the man-

agement of TKI-induced proteinuria, the drug must be discontinued. 

However, as shown here, in cases of TKI-induced proteinuria, 

the medication could be switched to another TKI, such as niloti-

nib or imatinib, which may also help limit the progression of 

chronic kidney disease. Such a strategy may be clinically im-

portant as it obviates the need to discontinue the medication or 

use immunosuppressive drugs to treat proteinuria. Nevertheless, 

prospective studies are required to determine the optimal TKIs 

and antiproteinuric regimens in such cases.
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