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CASE REPORT

Proteinuria reduction with SGLT2 inhibitors in a patient treated 
with tyrosine kinase inhibitor lenvatinib
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Abstract
We describe the case of a 66-year-old woman treated with tyrosine kinase inhibitor Lenvatinib for thyroid carcinoma who 
had persistent proteinuria above 2 g/24 h despite maximal dose of angiotensin-converting enzyme inhibitor. We initiated 
a treatment with SGLT2 inhibitor Dapagliflozin. Three months after Dapagliflozin initiation, her proteinuria decreased to 
1 g/24 h, and after 6 months of follow-up was 0.6 g/24 h. To our knowledge, this is the first case of successful proteinuria 
reduction with SGLT2i in a patient treated with Lenvatinib. Specific renal effects of SGLT2i seem promising and their effects 
on tyrosine kinase inhibitor renal adverse effects need to be validated in clinical trials involving cancer patients.
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Introduction

Proteinuria and hypertension are recognized class effects 
of antiangiogenic therapy, first identified with the vascular 
endothelial growth factor (VEGF) antibody bevacizumab, 
but common to most tyrosine kinase inhibitors (TKIs) target-
ing VEGF receptors. Lenvatinib is a multikinase inhibitor 
of VEGF receptors 1–3, fibroblast growth factor receptors 
1–4, RET, KIT and platelet-derived growth factor receptor-α 
which is approved for the treatment of radioiodine-refractory 
differentiated thyroid cancer [1]. Proteinuria and hyperten-
sion occur in 31% and 68%, respectively, of patients receiv-
ing Lenvatinib [2].

Strategies for managing renal adverse effects are always 
challenging with TKIs, and evidence-based medicine guide-
lines are lacking. As proteinuria may be frequently associ-
ated with hypertension in patients treated with TKIs, the 
use of angiotensin-converting enzyme inhibitors (ACEi) as a 
treatment option can be considered to lower proteinuria [3]. 
It is known that SGLT2 inhibition decreases albuminuria and 

reduces the risk of kidney disease progression [4]. SGLT2 
inhibitors (SGLT2i) could have an impact on renal adverse 
effects related to TKIs but their effect has not yet been stud-
ied in this condition.

We describe the first case of successful proteinuria reduc-
tion with SGLT2i in a patient treated with Lenvatinib and 
we review the pathophysiological effects of SGLT2i in this 
condition.

Case report

We describe the case of a 66-year-old woman who was 
diagnosed in 2019 with radioactive iodine-refractory poorly 
differentiated locally advanced  thyroid carcinoma with 
pulmonary metastases and treated with cervical radiation 
therapy after incomplete thyroid surgery. Her past medical 
history was significant for hypertension and multinodular 
goiter. Patient’s characteristics are summarized in Table 1. 
She was started on lenvatinib and a partial tumor response 
was achieved after 2 months with long term disease control. 
When starting TKI therapy, she had no hypertension and 
no proteinuria. A few months after Lenvatinib initiation, 
she developed proteinuria and was treated with perindopril. 
During the entire follow-up period, renal function remained 
normal. Estimated glomerular filtration rate and persistent 
albuminuria category according to KDIGO guidelines are 
shown in Table 1 [5]. Despite ACEi treatment, with blood 
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pressure < 140/90  mmHg, persistent proteinuria above 
2 g/24 h was noted on Lenvatinib treatment maintained at a 
daily dosage of 18 mg. As the patient had asthenia and diar-
rhea, Lenvatinib was temporarily discontinued which led 
to a reduction of proteinuria < 1 g/24 h. One month after 
Lenvatinib reintroduction, proteinuria was > 3 g/24 h and 
she was referred to nephrology.

Considering the beneficial effect of this treatment in this 
patient, we decided to maintain Lenvatinib and initiated 
treatment with Dapagliflozin 10 mg per day. Three months 
after Dapagliflozin initiation, her proteinuria dropped to 
1 g/24 h despite continuation of Lenvatinib, and after 6 and 
9 months of follow-up, proteinuria was 0.6 and 0.7 g/24 h, 
respectively (Fig. 1). Dapagliflozin treatment tolerance was 

excellent. The latest 18F-FDG PET-CT scan demonstrated 
ongoing disease stabilization for more than 3 years.

Discussion

Tyrosine kinase inhibitors inhibit angiogenesis which is 
caused by various growth factors such as VEGF, epidermal 
growth factor and platelet-derived growth factor. By inhib-
iting VEGF, TKIs can alter the integrity of the glomerular 
slit diaphragm which can cause proteinuria, a commonly 
described class effect of TKIs. One hypothesis is that that 
VEGF produced by podocytes travels across the glomerular 
filtration barrier and reaches the endothelial surfaces where 
it interacts with several receptors [3]. By inhibiting VEGF, 
TKIs also reduce nephrin production which can lead to pro-
teinuria [3]. As TKIs have improved progression-free sur-
vival for several cancers, it is crucial to very carefully assess 
the risks and benefits of continuing these agents in situations 
of proteinuria and/or hypertension.

Lenvatinib is an agent that shows strong tumor suppres-
sion, targeting multiple receptors including VEGF receptor 
1 to − 3 [6]. The effects of Lenvatinib on renal function are 
raising new concerns, especially for patients on long-term 
treatment. Lenvatinib can induce a decline in estimated 
glomerular filtration rate, particularly with treatment dura-
tion > 2 years, and proteinuria is a risk factor for this decline 
[6].

Considering the favorable endothelial effects of ACEi/
angiotensin receptor blockers, they are an interesting first-
line agent [3], especially to avoid TKI discontinuation. 
SGLT2i are being used more and more often and their effect 
could be interesting in proteinuria related to TKI toxicity. 
Indeed, the mechanisms of proteinuria due to TKIs appear 
to be vascular endothelial damage and podocytopathy in 
glomeruli and it is proven that Dapagliflozin limits podo-
cyte damage in proteinuric nondiabetic nephropathy [7]. In 
a recent study, Vart et al. [8] reported that treatment with 
ACEi/ARBs and SGLT2 inhibitors in patients with albumi-
nuric chronic kidney disease without diabetes but with pro-
teinuria may increase the number of years free from kidney 
failure and mortality.

The specific effects of SGLT2 inhibitors regarding TKI 
renal adverse effects have not been proven but several stud-
ies have described promising results. Madonna et al. [9] 
demonstrated that SGLT2 inhibitors empagliflozin and 
dapagliflozin attenuated the vascular-toxic effect exerted by 
Ponatinib (a third generation TKI) by reverting endothelial 
cell senescence and dysfunction in an in-vitro model. In a 
murine model, Empagliflozin is able to improve Sunitinib-
induced cardiac dysfunction via regulating cardiomyocyte 
autophagy mediated by the AMPK-mTOR signaling path-
way [10]. In ob/ob type 2 diabetic mice with albuminuria, 

Table 1   Patient’s characteristics at baseline (before SGLT2i)

BMI body mass index, eGFR estimated glomerular filtration rate 
(according to CKD-Epi equation); eGFR and albuminuria categories 
are described according to KDIGO Guidelines[5]

Characteristics at baseline

Age (years) 66
Systolic blood pressure (mmHg) 140
Diastolic blood pressure (mmHg) 80
BMI (kg/m2) 20
Creatininemia (mg/dL) 0.5
eGFR (mL/min/1.73m2) 99
eGFR category G1
Albuminuria (g/g) 2.5
Albuminuria category A3

Ini�a�on of Dapagliflozin

Lenva�nib withdrawal

Fig. 1   Evolution of proteinuria with maximal dose of ACEi. Arrows 
show lenvatinib withdrawal period and time of dapagliflozin initiation
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Empagliflozin restored the subverted microvascular endothe-
lial ultrastructure [11]. Recently, in a randomized controlled 
trial in albuminuric type 2 diabetes patients, Tian et al. 
showed that SGLT2 inhibitors attenuated nephrin loss in 
the urine; the anti-albuminuric effect of SGLT2i could be 
attributed to mitigating podocyte apoptosis and attenuating 
renal fibrosis [12]. This pathophysiology could explain the 
positive effect on proteinuria induced by TKIs. However, it 
is important to note that in a randomized controlled trial, 
6-week treatment with dapagliflozin did not affect proteinu-
ria in patients with chronic kidney disease without diabetes 
[13]. This anti-proteinuria effect needs to be evaluated in 
longer-term kidney outcome trials.

The development of therapeutic strategies for the man-
agement of Lenvatinib-associated adverse effects are cru-
cial to improve quality of life, minimize the need for dose 
reduction, treatment discontinuation and improve patient 
outcomes [14]. SGLT2i could be a new therapeutic option 
in situations requiring long-term therapy for recurrent or 
advanced cancer with few systemic treatment options. As 
several clinical trials have shown, use of SGLT2i is usually 
well tolerated and safe and showed an acceptable safety pro-
file in patients with chronic kidney disease [4].

To our knowledge, this is the first reported case of pro-
teinuria reduction with SGLT2i in a patient treated with Len-
vatinib. Specific renal effects of SGLT2i seem promising and 
their effect on TKI renal adverse effects need to be validated 
in larger studies involving cancer patients.
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