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Abstract
Introduction: Minimal change disease (MCD), a common 
cause of primary nephrotic syndrome that accounts for 
10%–15% of all primary nephrotic syndrome cases in adults, 
is frequently associated with malignant lymphoma. Howev-
er, studies on MCD associated with prostate cancer are 
scarce. Case Presentation: A 73-year-old male with prostate 
cancer was referred to our department with hypoalbumin-
emia and severe proteinuria while waiting for prostatecto-
my. We diagnosed the patient with nephrotic syndrome and 
performed a renal biopsy. Renal pathological findings were 
consistent with those of MCD. The clinical course suggested 
an association between prostate cancer and MCD as our pa-
tient achieved complete remission of MCD after receiving 
androgen deprivation and radiation therapy for prostate 
cancer without the use of glucocorticoids or other immuno-
suppressants. Discussion: Although MCD can be associated 
with solid tumors, MCD associated with prostate cancer is 

very rare. The current case is the first to directly raise the pos-
sibility that secondary MCD may develop due to prostate 
cancer in some patients. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Minimal change disease (MCD) is a more common 
cause of primary nephrotic syndrome in children than in 
adults, and it accounts for 10–15% of all primary nephrot-
ic syndrome cases in adults [1]. The cause of MCD is con-
sidered to be related to immune system dysfunction, spe-
cifically T cell dysregulation; however, other causative 
factors remain unclear [2]. Although less common, MCD 
diagnosis has also been reported in patients with malig-
nancies [1]. MCD is frequently associated with malignant 
lymphoma, lending support to the hypothesis that MCD 
is related to T cell dysregulation [3]. However, MCD has 
been very rarely reported in association with solid can-
cers. In one case report of a patient diagnosed with pros-
tate cancer and MCD within a short time frame, MCD 
was treated using prednisolone [4]. Herein, we present 
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the first case of a patient who exhibited a decrease in pro-
teinuria following the initiation of treatment for prostate 
cancer, suggesting that MCD is induced by prostate can-
cer.

Case Presentation

A 73-year-old man was referred to our urology department 
with a high prostate-specific antigen (PSA) level (15.9 ng/mL; age-
adjusted PSA reference range: ≤4 ng/mL) [5]. He underwent a 
prostate biopsy, which resulted in a diagnosis of prostate cancer. 
There were no metastases to other organs. Prostatic biopsy re-
vealed stage IIA adenocarcinoma (cT2bN0M0) with a Gleason 
score of 7 (3 + 4) in 2 of the 12 specimens. A few days before hos-
pitalization for prostatectomy, he experienced bilateral lower limb 
edema. Upon admission, he was found to have hypoalbuminemia 
and proteinuria (urine stick test result of 3+); therefore, surgery 

was postponed and he was referred to our department. We diag-
nosed nephrotic syndrome due to severe low serum albumin levels 
(1.8 g/dL) and nephrotic-range proteinuria (7.79 g/g creatinine; 
Table 1). His serum creatinine level was 1.12 mg/dL. He was receiv-
ing angiotensin II receptor antagonist and statin treatments for 
hypertension and hyperlipidemia, respectively, prior to hospital-
ization. An annual medical checkup performed 3 months earlier 
indicated no protein in the urine. He had mild dyspnea, and his 
serum D-dimer levels were high (9.6 μg/mL); therefore, chest and 
abdominal contrast computed tomographic (CT) scans were per-
formed, which revealed pulmonary embolism. No abnormality 
other than pulmonary embolism was found. Antithrombotic ther-
apy with rivaroxaban was administered, and diuretic therapy was 
initiated to treat the edema. Follow-up contrast-enhanced CT per-
formed 1 month later revealed that the embolus had dissolved, and 
renal biopsy was performed. He was administered antithrombotic 
therapy for a total of 3 months, excluding the period of renal bi-
opsy. Renal pathology showed 21 glomeruli. Light microscopy 
analyses revealed unremarkable pathology with no glomerular le-

Table 1. Laboratory findings at first admission

Patient values Reference Interpretation

Blood test
WBC, /µL 8,700 3,900–9,800 Normal
Lymphocyte, % 22 18–59 Normal
Hb, g/dL 15.3 13.5–17.6 Normal
Plt, /µL 23.3 ×104 13.1 ×104 to 36.2 ×104 Normal
CRP, mg/dL 0.1 0–0.3 Normal
TP, mg/dL 3.9 6.7–8.3 Decreased
LDH, U/L 277 245–115 Elevated
Alb, mg/dL 1.8 4–5 Decreased
Cr, mg/dL 1.12 0.61–1.04 Elevated
LDL-chol, mg/dL 303 7–139 Elevated
D-dimer, μg/mL 9.6 0–1 Elevated
FDP, μg/mL 21.3 0–5 Elevated
MPO-ANCA, IU/mL – <0.5 Normal
PR3-ANCA, IU/mL – <0.5 Normal
IgG, mg/dL 536 820–1,740 Decreased
IgA, mg/dL 174 90–400 Normal
IgM, mg/dL 87 31–200 Normal
Cryoglobulin – + or − Normal
Kappa free light chain, mg/L 24.3 3.3–19.4 Elevated
Lambda free light chain, mg/L 22.2 5.7–26.3 Normal
Kappa/lambda ratio 1.09 0.26–1.65 Normal
BNP, pg/mL 47.3 0–18.4 Elevated

Urinary test
Urinary RBC 100/HPF (isomorphic) <1/HPF Elevated
Urinary protein, g/g Cr 7.79 <0.15 Elevated
Urinary protein (24 h collection), mg/day 7,230 21–120 Elevated
Selectivity index 0.129 <0.2 (high selectivity) High selectivity
Bence Jones protein – + or − Normal

Alb, albumin; BNP, brain natriuretic peptide; Cr, creatinine; CRP, C-reactive protein; FDP, fibrin degradation product; Hb, hemoglobin; 
LDH, lactate dehydrogenase; LDL-chol, low-density lipoprotein cholesterol; MPO-ANCA, myeloperoxidase antineutrophil cytoplasmic 
antibodies; Plt, platelet; PR3-ANCA, proteinase 3 antineutrophil cytoplasmic antibodies; TP, total protein; RBC, red blood cell; WBC, white 
blood cell.
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sions (shown in Fig. 1a). Immunofluorescence studies showed no 
particular deposits of immunoglobulin G (IgG), IgA, IgM, C3, C4, 
and C1q (shown in Fig. 1b). Electron microscopy revealed diffuse 
effacement of foot processes (shown in Fig.  1c). There were no 
electron dense deposits in the mesangial, subepithelial, and suben-
dothelial areas of the capillary wall, including the basement mem-
brane. Owing to nephrotic syndrome, the patient refused surgery 
and chose combined androgen blockade and radiation therapy for 
prostate cancer. High-dose steroid therapy for MCD was consid-

ered but not started because treatment for prostate cancer was ini-
tiated. Improvement in peripheral edema was observed with the 
use of diuretics, and MCD secondary to prostate cancer was con-
sidered the diagnosis. Soon after the initiation of combined andro-
gen blockade therapy, his PSA levels declined, and the patient 
achieved complete remission of MCD in 2 months without the 
need for glucocorticoid treatment (shown in Fig. 2).

Fig. 1. Pathological findings. a Optical mi-
croscopy reveals no change in the glomer-
uli (periodic acid-Schiff staining; magnifi-
cation, ×400). b No changes are observed 
in the glomerular basement membrane 
(periodic acid-methenamine silver stain-
ing; magnification, ×400). c Immunofluo-
rescence studies show no particular stain-
ing. d Electron microscopy shows foot pro-
cess effacement (red arrow heads). There 
are no electron dense deposits (magnifica-
tion, ×7,000).
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Discussion

MCD is a well-known cause of nephrotic syndrome in 
children, but adult-onset MCD is less frequent [1]. Ma-
lignancy-related MCD, less commonly reported than the 
idiopathic form, is often associated with malignant lym-
phoma [3, 6]. We have herein summarized the first case 
of a patient who presented with MCD associated with 
prostate cancer. Although one review article suggested 
prostatic carcinoma as a cause of secondary MCD [7], to 
the best of our knowledge, no cases of MCD caused by 
prostate cancer have been reported to date.

The MCD diagnosis is based on the clinical presenta-
tion of nephrotic syndrome and foot process effacement 
as determined using electron microscopy. Distinguishing 
between primary and secondary MCDs via laboratory ex-
amination or pathological findings alone is difficult, and 
we need to diagnose them based on the disease course and 
clinical presentation. The possibility of spontaneously re-
mitting primary MCD should be considered in the cur-
rent patient because spontaneous MCD remission before 
the initiation of corticosteroid treatment for MCD has 
been reported previously [8]. The clinical course of our 

patient suggested a strong association between prostate 
cancer and MCD. First, prostate cancer preceded MCD. 
Second, the patient did not harbor medical risks of MCD 
other than prostate cancer. Third, the time between the 
diagnosis and remission of MCD was relatively short (<3 
months). The time required to achieve complete remis-
sion of MCD tends to be longer in older patients, even 
with the use of steroid therapy [9]. Furthermore, the time 
required to achieve MCD remission is longer and the re-
covery rate is lower in untreated adult patients [8]. A 
study comparing untreated patients with those receiving 
steroids showed that the time for proteinuria to decrease 
to <1 g/day was >3.5 months from the time of diagnosis 
in untreated patients [10]. Fourth, urinary protein remis-
sion occurred immediately after the initiation of prostate 
cancer treatment and was consistent with a decline in tu-
mor markers. A previous study has reported that cancer 
therapy often results in the remission of secondary MCD 
[7]. Androgen deprivation therapy may increase the risk 
of acute kidney injury [11], and the use of androgen de-
privation therapy for proteinuria reduction and nephro-
protection has not been reported. The present case ful-
filled the first three of the following four criteria for the 

Fig. 2. Clinical course. Note the decreases in the PSA level and proteinuria soon after the initiation of androgen 
deprivation therapy. PSA, prostate-specific antigen.
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diagnosis of paraneoplastic nephrotic syndrome pro-
posed by previous studies: (1) no evidence of other etiol-
ogy, (2) nephrotic syndrome developing 6 months before 
or after the diagnosis of malignancy, (3) a decrease in pro-
teinuria in association with cancer treatment, and (4) as-
sociation of tumor recurrence with an increase in pro-
teinuria [12, 13]. These findings suggest that MCD is sec-
ondary to prostate cancer. In patients who fail to achieve 
proteinuria remission with anticancer treatment, predni-
sone administration should be considered.

Vascular endothelial growth factor (VEGF) is a key 
mediator of angiogenesis and a therapeutic target in can-
cer [14]. Importantly, VEGF signaling maintains glomer-
ular endothelial integrity [14], and anti-VEGF drugs used 
as anticancer therapeutics are known to be associated 
with MCD, focal segmental glomerulosclerosis, and 
thrombotic microangiopathy [14]. Not only the inhibi-
tion but also the induction of VEGF signaling results in 
glomerulomegaly [14]. Interestingly, high levels of VEGF 
in the serum and prostate tissue of patients with prostate 
cancer have been reported [15]. To evaluate the role of 
VEGF in the association of secondary MCD with cancer, 
future studies should determine whether tumor cells can 
affect local autocrine VEGF signaling in the glomeruli.

Recent reports demonstrating immune system dys-
function in patients with prostate cancer provide new in-
sights into the association between MCD and prostate 
cancer [16, 17]. Previous studies have shown that MCD is 
related to T cell dysregulation [1]. Specifically, the patho-
genesis of MCD has been proposed to result from an im-
balance between the Th1 and Th2 responses and a pos-
sible predominance of the Th2 response in patients with 
MCD [18]. The involvement of T cells is also a character-
istic of MCD secondary to cancer. Cancer, most frequent-
ly lymphoma, can be associated with secondary MCD, 
which suggests a relationship between T cells and second-
ary MCD induced by cancer [3]. Changes in immune re-
sponses are also associated with cancer progression, and 
the involvement of T cell dysregulation has been reported 
[19, 20]. Evidence suggests that Th2 cytokine production 
is superior to Th1 cytokine production in patients with 
prostate cancer [16]. A recent study reported an increase 
in serum CD4+/CD8+ T cells in patients with prostate 
cancer and demonstrated that these cells exhibited en-
hanced Th2 cytokine production [17]. This change in im-
mune responses is consistent with the hypothesis that 
MCD is associated with a Th2-mediated immune re-
sponse [1]. Thus, changes in immune responses, mainly 
T cells, due to prostate cancer may provide an opportu-
nity to identify the pathogenesis of MCD associated with 

prostate cancer. The association between prostate cancer 
and MCD warrants further investigation.

In conclusion, the present case report suggests that 
MCD can be associated with prostate cancer and remis-
sion may be achieved by cancer treatment. Limited stud-
ies reported MCD remission with anticancer therapy 
without the use of corticosteroids in patients with solid 
cancers, such as prostate cancer [7, 13], and chemothera-
py might have included corticosteroids in some of these 
patients [13]. Moreover, corticosteroids are often initi-
ated early in patients with nephrotic syndrome because of 
uncontrollable edema and the rare consideration of an 
association between solid tumors and MCD. The possi-
bility of secondary MCD due to prostate cancer should be 
considered in patients with MCD and prostate cancer. 
We do not have strong evidence to recommend PSA mea-
surement in all elderly patients with MCD because the 
frequency of prostate cancer associated with MCD is un-
clear; however, it is necessary to check for symptoms of 
prostate cancer such as frequent urination and hematuria 
in patients presenting with MCD. Additional consider-
ations in elderly patients with MCD should include ultra-
sonography or CT imaging, which would also be useful 
for screening other malignancies. In case of resistance to 
glucocorticoid therapy or recurrence, secondary MCD 
should be suspected, and further screening for cancer, in-
cluding PSA measurement, may be considered. The cur-
rent case illustrates that the possibility of a secondary 
cause, including cancer, should be considered for deter-
mining the therapeutic approach and for the prognosis of 
adult patients with MCD. The treatment of cancer should 
be considered as the initial approach before initiating ste-
roid therapy as MCD may respond to the treatment of the 
underlying cause; such an approach would prevent the 
administration of high-dose glucocorticoids and the oc-
currence of its associated side effects. The present case 
suggests that the evaluation of MCD in adult male pa-
tients should include the consideration of prostate cancer 
as a potential cause. Future studies are warranted to con-
firm the association between MCD and prostate cancer 
observed in the present case.
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