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Abstract
Background Nephrotic syndrome (NS) can occur as a paraneoplastic disorder in association with various types 
of carcinoma. However, paraneoplastic nephrotic syndrome (PNS) is often misdiagnosed as idiopathic nephrotic 
syndrome or as an adverse effect of oncology treatment, leading to delayed diagnosis and suboptimal treatment. 
The characteristics of NS associated with solid malignancies are not yet elucidated. We systematically summarized the 
clinical data for 128 cases of NS combined with solid malignancies with the aim of informing the clinical management 
of PNS.

Methods We searched the PubMed database for articles published from the date of inception through to October 
2023 using the following keywords: “cancer” or “malignant neoplasms” or “neoplasia” or “tumors” and “nephrotic 
syndrome”, “nephrotic” or “syndrome, nephrotic”. All data were extracted from case reports and case series, and the 
extraction included a method for identifying individual-level patient data.

Results A literature search yielded 105 cases of PNS and 23 of NS induced by cancer therapy. The median age at 
diagnosis was 60 years, with a male to female ratio of 1.8:1. In patients with PNS, manifestations of NS occurred before, 
concomitantly with, or after diagnosis of the tumor (in 36%, 30%, and 34% of cases, respectively). Membranous 
nephropathy (49%) was the most prevalent renal pathology and found particularly in patients with lung, colorectal, or 
breast carcinoma. Regardless of whether treatment was for cancer alone or in combination with NS, the likelihood of 
remission was high.

Conclusion The pathological type of NS may be associated with specific malignancies in patients with PNS. Prompt 
identification of PNS coupled with suitable therapeutic intervention has a significant impact on the outcome for 
patients.
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Introduction
Cancer is the second leading cause of death worldwide, 
surpassed only by cardiovascular disease, and poses a 
substantial threat to public health and societal develop-
ment [1]. Paraneoplastic syndromes, which manifest 
clinically in approximately 7–10% of cancer patients [2], 
often precede detection of an occult malignancy, and 
their consequences may be more serious than those of 
the primary tumor [3]. Nephrotic syndrome (NS) is a 
rare but recognized paraneoplastic disorder. Patients 
with this syndrome have a group of clinical manifesta-
tions that include massive proteinuria, hypoproteinemia, 
hyperlipidemia, and edema [4], which could indicate a 
paraneoplastic process or be a result of chemotherapy 
[5]. Paraneoplastic nephrotic syndrome (PNS) often 
presents a diagnostic challenge for physicians because it 
can be difficult to differentiate from idiopathic nephrotic 
syndrome, which is encountered more frequently, and 
the adverse effects of treatment for cancer. A prompt and 
accurate diagnosis is crucial for effective management of 
NS and any associated malignancy.

Numerous studies have established a definitive tem-
poral association between the onset of NS and clinical 
emergence of tumors in patients with PNS [6–8]. Typi-
cally, remission of the underlying malignancy correlates 
with a marked decrease in proteinuria, while a resur-
gence or metastasis of the cancer often precipitates an 
increase in proteinuria. Tumor antigens and/or antitu-
mor antibodies are frequently detected in the podocyte/
subepithelial interstitial spaces during a renal biopsy [9]. 
Among the hematological malignancies, Hodgkin’s lym-
phoma is the one most frequently associated with NS, 
generally by minimal change nephropathy (MCN) [10]. 
The pathogenesis of NS in Hodgkin’s lymphoma appears 
to stem from the deleterious effects of tumor lympho-
cyte byproducts on the glomerulus as opposed to accu-
mulation of immune complexes within the glomerulus 
[11]. However, solid malignancy-associated NS has not 
been systematically reviewed, and the pathophysiology 
remains unclear.

In this study, we systematically reviewed the clinical 
features, histopathology, relevant laboratory tests, treat-
ment approaches, and prognosis for 128 published cases 
of NS associated with solid malignancy with the aim of 
informing the clinical management of PNS.

Materials and methods
Data sources and patients
We searched the PubMed database for articles published 
from the date of inception through to October 2023 
using the following search terms: “cancer” or “malignant 
neoplasms” or “neoplasia” or “tumors” and “nephrotic 
syndrome”, “nephrotic” or “syndrome, nephrotic”. No lan-
guage or publication status restrictions were imposed.

All enrolled cases or case series were confirmed based 
on the following criteria: diagnosis of both NS and solid 
malignancy and a detailed description of the diagnostic 
process provided. A flow chart showing the identifica-
tion of cases and the reasons for exclusions is provided 
in Fig. 1.

Study selection, data extraction
Reviews were performed by two independent reviewers 
(SL and YC). Discrepancies between the two reviewers 
were solved by asking a third author to review the prob-
lematic articles and reach consensus.

Data was collected on the following demographic, 
clinical, and laboratory variables: country; sex; age at the 
time of diagnosis; type of solid malignancy; the order of 
and interval between onset of the two diseases; labora-
tory values (24-hour urine protein, serum albumin, and 
serum creatinine); complications of NS (mainly throm-
bosis, hypertension, and acute renal failure); pathology 
result of renal biopsy; types of treatment for NS and can-
cer; interval between initiation of antineoplastic therapy 
and onset of NS; and clinical outcomes.

Quality and risk of bias assessment
The quality of the included case reports and series was 
assessed independently by two authors (SL and YC) 
using the Joanna Briggs Institute’s(JBI) Critical Appraisal 
Checklist for Case Reports. The quality of the included 
studies was variable, and in a small number, it was not 
possible to extract sufficient data pertaining to the main 
outcome for inclusion. Additionally, there was variation 
with interventions used, reporting of outcome measures 
and timing of outcome measurement. Furthermore, sen-
sitivity analyses were conducted to verify the key find-
ings. This analysis aims to ascertain the stability and 
reliability of our conclusions by excluding lower-quality 
case reports and retaining those of higher quality to 
observe if and how the results change.

Statistical analysis
Continuous variables were tested for normality of dis-
tribution using a onesample Kolmogorov–Smirnov test. 
Continuous variables with a normal distribution are pre-
sented as the mean ± standard deviation and those with 
a nonnormal distribution are reported as the median 
(interquartile range [IQR]). Differences between the 
groups were examined for statistical significance using 
the chi-squared test. All statistical analyses were per-
formed using Statistical Package for the Social Sci-
ences software (version 25.0; IBM Corp., Armonk, NY, 
USA). A P-value ≤ 0.05 was considered to be statistically 
significant.



Page 3 of 10Liu et al. BMC Nephrology          (2024) 25:215 

Results
The literature search identified 117 articles that included 
128 eligible patients with NS associated with solid malig-
nancy. One hundred and five patients were diagnosed to 
have PNS and the remaining 23 developed NS as a conse-
quence of cancer therapy. The median patient age was 60 
years (range 7–84; IQR 5, 68). Information on sex based 
on 127 patients showed a male to female ratio of 1.8:1. 
One hundred and nineteen patients with specific infor-
mation on region available were from 20 countries and 
5 continents. The top three countries were Japan (n = 38, 
31.93%), the US (n = 21, 17.65%), and the UK (n = 12, 
10.08%). Asia was the continent with the majority of 
cases (51.26%), with only one case reported from Africa 
(Fig. 2).

Clinical features
Paraneoplastic nephrotic syndrome
Patients with PNS were separated into three groups 
based on the interval between onset of the two diseases 
(NS occurring before, after, or simultaneously with solid 
malignancy) (Table 1). NS presented as the initial symp-
tom before detection of a solid malignancy in 38 patients 
(36.2%), with 22 of these cases providing a specific onset 
time. The median interval between the two diseases was 

9.5 months (IQR 5.8, 14.0). NS was identified subsequent 
to the diagnosis of cancer in 36 patients (34.3%). The 
interval between diagnoses was reported for 12 of these 
patients (median 9 months, IQR 6, 36). In the group of 
patients in whom a solid malignancy was detected first, 
development of NS was combined with recurrence 
and metastasis of the primary cancer in 7 patients; the 
remaining 31 patients (29.5%) received a concurrent 
diagnosis of NS and solid malignancy.

Quantifiable urine protein levels were documented 
for 87 of the 105 cases of PNS; the median value was 
7.90 g/day (IQR 4.73, 14.45). Sixteen of 105 patients had 
proteinuria levels represented by “+,” with 13 patients 
showing 4 + proteinuria and 3 patients showing 3 + pro-
teinuria. Exact data were not provided for the remain-
ing two patients, but the data indicated that proteinuria 
exceeded 3.5  g/day. Serum albumin levels in patients 
with PNS were normally distributed. Eighty-nine of the 
105 cases had serum albumin levels recorded; the mean 
level was 1.99 ± 0.61 g/dl. Only 59 of the 105 patients had 
creatinine levels recorded; the median serum creatinine 
level was 1.11 mg/dl (IQR 0.86, 2.30). When comparing 
the three groups, the cohort in which NS preceded the 
diagnosis of solid malignancies had lower urine protein 
levels and higher serum albumin levels. Among the cases 

Fig. 1 Flow chart showing the literature selection process
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with detailed data on complications, the group in which 
NS occurred before the solid malignancy had the high-
est incidences of hypertension (10/38) and thrombosis 
(3/38).

NS induced by cancer therapy
Patients with NS induced by cancer therapy were catego-
rized into four groups based on their cancer treatment 
regimen (Table  2). Information on the interval between 
the start of cancer therapy and onset of NS was available 
for 16 of 23 cases and showed significant temporal dis-
parities across the treatment groups. The median inter-
val for 7 of the 14 patients who received targeted therapy 
(n = 14) was 240 days (IQR 70, 600). NS developed in six 
patients who were receiving immunotherapy within a 
median interval of 105 days (range 18–540; IQR 47, 270). 
Two of the patients receiving chemotherapy developed 
NS at 84 days and 240 days, giving an average interval of 

162 days. Furthermore, one case of NS emerged at 1825 
days following treatment for bone metastases.

The urine protein level was quantifiable for 12 of the 23 
patients with NS induced by cancer therapy; the median 
value was 6.45 g/day (IQR 3.63, 14.08). The urine protein 
level was available for 6 of the 14 patients who received 
targeted therapy and had a median value of 6.45  g/day 
(IQR 3.63, 9.53). Only three of the six patients in the 
immunotherapy group had definite urinary protein levels 
available (mean, 10 g/day). The two patients in the che-
motherapy subgroup had a mean urinary protein level of 
15.75 g/day. A further patient undergoing treatment for 
bone metastases had a urinary protein level of 4.6 g/day.

Definitive serum albumin levels were available for 21 
of the 23 patients with NS induced by cancer therapy 
and were normally distributed. The mean serum albu-
min level was 2.11 ± 0.63  g/dl overall, 2.33 ± 0.62  g/
dl in the targeted therapy group, 1.9 ± 0.56  g/dl in the 

Table 1 Clinical characteristics of patients with PNS
NS before solid malignancies
(n = 38, 36.2%)

NS after solid malignancies
(n = 36, 34.3%)

NS and solid malignancies
simultaneously (n = 31, 29.5%)

Total (n = 105)

Gender Men:21
Women:17

Men:24
Women:12

Men:23
Women:7
Unknown:1

Men:68
Women:36
Unknown:1

Age at onset 59
IQR 52 to 64

57
IQR 50 to 68

65
IQR 50 to73

60
IQR 52 to 68

Interval time (months) 9.5
IQR 5.8 to 14

9
IQR 6 to 36

Urinary protein (g/day) 7.35
IQR 4.45 to 13.40

9.45
IQR 4.22 to 16.25

8.19
IQR 5.90 to 14.68

7.90
IQR 4.73 to 14.45

Serum albumin (g/dl) 2.09 ± 0.58 1.93 ± 0.64 1.92 ± 0.62 1.99 ± 0.61
Creatinine
(mg/dl)

1.25
IQR 0.80 to 2.30

0.90
IQR 0.80 to 1.40

1.80
IQR 0.90 to 3.70

1.11
IQR 0.86 to 2.30

Hypertension 10/38 3/36 7/31 20/105
Thrombotic event 3/38 1/36 1/31 5/105
Abbreviations: IQR: interquartile range; NS: nephrotic syndrome

Fig. 2 Distribution of cases according to country and continent. (A) Percent distribution by country (%). (B) Percent distribution by continent
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immunotherapy group, and 2.1  g/dl in the chemother-
apy group. One patient who was receiving treatment for 
bone metastases had a notably low serum albumin level 
of 0.9 g/dl.

Creatinine levels were recorded for 17 of 23 patients 
with NS induced by cancer therapy; the median value was 
1.14 mg/dl (IQR 1.00, 1.79). Among these 17 patients, 6 
received immunotherapy, 14 received targeted therapy, 
1 received treatment for bone metastases, and 2 were 
treated with chemotherapy.

Hypertension was observed in nine of the 14 patients 
in the targeted therapy group, all of whom received an 
anti-vascular endothelial growth factor agent. Acute kid-
ney injury manifested in three individuals in the immu-
notherapy group, all of whom were treated with immune 
checkpoint inhibitors (ICIs).

Paraneoplastic nephrotic syndrome: relationship between 
renal pathology and type of cancer
Eighty-two of the patients identified in the literature 
received a definitive histopathological diagnosis. We cat-
aloged the type of renal pathology occurring with a fre-
quency of greater than four and calculated the prevalence 
of cancers within these renal pathologies (Table 3). Mem-
branous nephropathy (MN) was the predominant type of 
NS pathology (48.8%), followed by MCN (21.9%), mem-
branoproliferative glomerulonephritis (12.1%), and focal 
segmental glomerulosclerosis (FSGS, 9.8%). Other rare 
pathological types included amyloidosis (5.0%) and fibril-
lary glomerulonephritis (2.4%). Detailed information on 
the quantitative distribution according to type of primary 
cancer are shown in Table  4. The primary tumors were 
most frequently gastrointestinal (26.3%), followed by 
respiratory (21.1%), genitourinary (18.4%), gynecological 
(13.1%), and thymic (10.5%).

In the context of MN, lung cancer (7/40), colorectal 
cancer (6/40), and breast cancer (5/40) emerged as the 
three most prevalent solid malignancies. In contrast, thy-
mic carcinoma (5/16) had a higher frequency in patients 
with MCN. Four patients in the membranoproliferative 
glomerulonephritis group were diagnosed to have renal 
cell carcinoma (n = 2) or lung cancer (n = 2). Two patients 
in the FSGS group developed thymoma and two devel-
oped lung cancer.

The remaining four cases of renal amyloidosis occurred 
in patients with synchronous carcinoma of the stomach 
and bladder, medullary thyroid carcinoma, gastrointes-
tinal mesenchymal tumor, or lung cancer. Two cases of 
fibrillary glomerulonephritis were reported (one in a 
patient with gastric carcinoma and the other in a patient 
with hepatocellular carcinoma).

Table 2 Clinical characteristics of patients with NS induced by cancer therapy
Targeted therapy
(n = 14)

Immunotherapy
(n = 6)

Chemotherapy
(n = 2)

Bone metastasis treatment
(n = 1)

Total
(n = 23)

Gender Men:6
Women:8

Men:6
Women:0

Unknown:1
Women:1

Women:1 Men:12
Women:10
Unknown:1

Age 64 ± 13.8 61 ± 10.0 53 57 62 ± 12.3
Interval daysa 240

IQR 70 to 600
105
IQR 47 to 270

162 1825 165
IQR 62 to 532

Urinary protein (g/day) 6.45
IQR 3.63 to 9.53

10 15.75 4.6 6.45
IQR 3.63 to 14.08

Serum albumin (g/dl) 2.33 ± 0.62 1.9 ± 0.56 2.1 0.9 2.11 ± 0.63
Creatinine
(mg/dl)

1.1
IQR 1.00 to 1.69

2.24
IQR 1.42 to 2.87

1.1 1.97 1.14
IQR 1.00 to 1.97

Hypertension 9/14 2/6 1/1 12/23
Acute kidney injury 3/6 1/2 4/23
aInterval between initiation of anticancer therapy and onset of nephrotic syndrome. Abbreviation: IQR: interquartile range

Table 3 Distribution of types of solid malignancy according to 
pathological type of nephrotic syndrome

Uro-
logical 
tumors

Respira-
tory 
tumors

Digestive 
tumors

Gyneco-
logical 
tumors

Others

MN
(n = 40)

5(12.5%) 10a(25.0%) 13b(32.5%) 7c(17.5%) 5(12.5%)

MCN
(n = 18)

4(22.2%) 2(11.1%) 4(22.2%) 1(5.6%) 7d(38.9%)

MPGN
(n = 10)

4e(40%) 2f(20%) 3(30%) 0 1(10%)

FSGS
(n = 8)

1(12.5%) 2g(25.0%) 0 2(25.0%) 3h(37.5%)

Total
(n = 76)

14(18.4%) 16(21.1%) 20(26.3%) 10(13.1%) 16(21.1%)

aLung cancer (7/10). bColorectal cancer (6/13). cBreast cancer (5/7). dThymoma 
(5/7). eRenal cell carcinoma (2/4), f, gLung cancer (2/2). hThymoma (2/3)

Abbreviations: MN: membranous nephropathy; MCN: minimal change 
nephropathy; MPGN: membranoproliferative
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NS induced by cancer therapy: relationship between 
treatment and pathological type of NS
Renal biopsy was performed in 13 of the 23 patients. 
The biopsy results are shown in Table 5. The most com-
mon type of renal pathology observed in patients receiv-
ing anti-vascular endothelial growth factor therapy was 
thrombotic microangiopathy (3/4), and the biopsy for the 
remaining patient showed FSGS (1/4). In patients receiv-
ing ICIs, the predominant type of kidney pathology was 
MCN (3/5), followed by one case each of FSGS (1/5) and 
MN (1/5). The biopsy for a patient who received chemo-
therapy showed acute tubular injury with duplicated glo-
merular basement membrane and that for a patient who 
developed bone metastases showed FSGS.

Treatment and outcomes
Paraneoplastic nephrotic syndrome
Treatment and outcomes were reported for 101 of 105 
patients with PNS. Two of the remaining four patients 
refused treatment and eventually died, and no treat-
ment or outcomes data were reported for the other two 
patients. In patients with PNS, antitumor therapy serves 
as the etiological treatment. Of 101 patients, 92 received 
antitumor therapy. Treatment of solid malignancy 
included surgery, radiation treatment, chemotherapy, 
targeted therapy, and immunotherapy. Symptomatic 
treatment approaches such as dietary support, diuret-
ics, and intravenous albumin were commonly employed 
for NS (administered to 39 of 101 patients). Corticoste-
roid therapy was also commonly administered for renal 
management (used in 35 of 101 patients). Immunosup-
pressive agents (i.e., mycophenolate mofetil and cyclo-
sporine) and cytotoxic agents (e.g., cyclophosphamide) 
were usually selected when corticosteroid resistance 
or toxicity became problematic. The most common 
treatment for NS consisted of symptomatic measures 
(39/101), including dietary support, diuretics, and intra-
venous albumin. Immunosuppressive agents and dialysis 
were also reported. Corticosteroids (35/101) were widely 
used for renal management. Cyclophosphamide, myco-
phenolate mofetil, and cyclosporine were usually selected 
when corticosteroid resistance or toxicity was a prob-
lem. When the above treatments were ineffective or the 
patient developed renal failure, dialysis was considered 
as the primary treatment for NS. Angiotensin-converting 
enzyme inhibitors and angiotensin II receptor blockers 
were used more frequently in patients with NS compli-
cated by hypertension. Dipyridamole, aspirin, and HMG-
CoA reductase inhibitors were used in patients with 
concomitant thrombotic events.

Overall response and progression/death rates for the 
101 patients with PNS are shown in Table 6. The remis-
sion rate was 70.3% in patients treated for cancer only, 
81.8% in those treated for both NS and cancer, and 22.2% 

Table 4 Types of solid malignancy in patients with 
paraneoplastic nephrotic syndrome
Types of solid malignancies Number of 

cases n = 76
Urological tumors n = 14(18.4%)
 Renal cell carcinoma 7
 Prostate cancer 3
 Urothelial carcinoma 3
 Embryonal rhabdomyosarcoma of the bladder 1
Respiratory tumors n = 16(21.1%)
 Lung cancer 13
 Bronchial carcinoid tumor 2
 Pulmonary lymphoepithelioma-like carcinoma 1
Digestive tumors n = 20(26.3%)
 Colorectal cancer 9
 Gastric cancer 4
 Esophageal cancer 4
 Liver cancer 1
 Gastrointestinal stromal tumor 1
 Undifferentiated carcinoma 1
Gynecological tumors n = 10(13.1%)
 Breast cancer 6
 Cervical cancer 1
 Ovarian cancer 2
 Ovarian teratoma 1
Others n = 16(21.1%)
 Thymic carcinoma 8
 Thyroid carcinoma 2
 Pleural mesothelioma 2
 Metastatic adenocarcinoma of the appendix 1
 Extensive small cell carcinoma of unknown primary
 etiology

1

 Oral cavity cancer 1
 Epithelioid hemangioendothelioma 1

Table 5 Renal pathology in patients with nephrotic syndrome 
induced by cancer therapy
Cancer therapy Number of 

cases
(n = 13)

Pathologic findings

Targeted therapy n = 5
 BRAF inhibitors 1 Podocyte and endo-

thelial injurya

 Anti-VEGF therapy 4 TMAb/FSGSc

Immunotherapy n = 6
 BCG 1 MN
 Immune checkpoint inhibitors 5 MCNe/FSGSf /MNg

Chemotherapy n = 1 Acute tubular injury 
with duplicated GBMh

Bone metastasis treatment n = 1 FSGSi

aOne case received dabrafenib. bTwo cases received ramucirumab and one 
received bevacizumab. cOne case received sunitinib. eTwo cases received 
pembrolizumab and one received ipilimumab. fOne case received nivolumab. 
gOne case received nivolumab hOne case received pegylated liposomal 
doxorubicin. iOne case received pamidronate. Abbreviations: BCG: Bacillus 
Calmette-Guerin; FSGS: focal segmental glomerular sclerosis; MCN: minimal 
change nephropathy; MN: membranous nephropathy; TMA: thrombotic 
microangiopathy; VEGF: vascular endothelial growth factor
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in those treated for NS only. There was a statistically sig-
nificant difference in the PNS remission rate among the 
three treatments (P < 0.05). The disease remission rate in 
patients treated simultaneously for cancer and NS was 
higher than in those who received the other treatments 
(P < 0.05).

Mortality was 29.7% in the group treated for cancer 
only. Five of the 11 deaths occurred after remission of NS. 
The cause of death was progression of cancer or devel-
opment of cancer-related complications. Mortality was 
18.2% in the group treated for both diseases and 77.8% in 
the group treated for NS only. Mortality was significantly 
higher in the group treated for NS only than in the other 
two treatment groups (P < 0.05). There was no statistically 
significant difference in mortality between the group that 
received treatment for both diseases simultaneously and 
the group treated for cancer only (P > 0.05).

NS induced by cancer therapy
The final outcome was reported for 19 of the 23 patients 
with NS induced by treatment for cancer. Five of these 
patients died. The implicated drug was discontinued in 
all patients because of NS and/or other adverse effects. 
Except for one patient with cetuximab-associated NS, 
cessation of the presumed culprit drug led to significant 
improvement in the NS. In the immunotherapy group, 
two of the five patients with NS induced by ICIs were re-
challenged with ICI therapy after a period of cessation. 
One patient who had previously been treated with pem-
brolizumab monotherapy was re-challenged with a com-
bination of ipilimumab and nivolumab immunotherapy 
and achieved profound remission of the primary cancer 
without emergence of new toxicities. Another patient 
treated with ipilimumab experienced a recurrence of NS 
after remission and subsequently died as a result of pro-
gression of the underlying cancer.

Impact of sensitivity analysis on review findings
The demographic characteristics, diagnostic processes, 
and treatments in the included case reports are reported 
comprehensively. However, there were deficiencies in 
reporting relevant laboratory tests and the time intervals 

from disease onset, with some data missing. To assess 
the robustness of our findings, we conducted a sensitivity 
analysis by excluding case reports deemed to be of lower 
quality. Quality assessment was based on predefined cri-
teria including the clarity of diagnostic criteria, complete-
ness of patient information and laboratory tests, and the 
detail provided on treatment outcomes. The initial analy-
sis included 97 case reports of PNS, with the sensitivity 
analysis retaining 44 reports after excluding 53 lower-
quality articles. Table  7 illustrated the comparative sta-
tistics of the key outcomes before and after applying the 
sensitivity analysis, highlighting the changes observed in 
each parameter. It showed an increase in 24-hour urinary 
protein values when lower-quality reports were excluded, 
suggesting more consistent reporting of severe cases in 
higher-quality reports. The estimated improvement rate 
after treatment for NS only decreased from 22% in the 
initial dataset to 0% in the refined dataset, underscoring 
the potential overestimation of treatment efficacy for NS 
only in lower-quality reports.

Discussion
Kidney damage is common in cancer patients. It has 
been reported that over 50% of patients with cancer 
develop mild or severe kidney damage [12]. Moreover, 
the risk of malignancy in patients with kidney disease is 
significantly higher than that in the general population. 
The 5-year risk of any type of cancer has been reported 
to be 4.7% in patients with NS, an increase of 73% when 
compared with that in the general population [13]. These 
data highlight a bidirectional relationship between tumor 
development and kidney disease. Various tumor-related 
mechanisms cause kidney damage. Direct causes include 
destruction of kidney structure by a renal tumor, invasion 
of the kidney by an extrarenal tumor, and compression of 
the renal artery and ureter. Indirect causes include tumor 
lysis syndrome, nephropathy caused by light chain cast-
ing in multiple myeloma, and kidney damage induced 
by antitumor therapies, as well as the abnormal prod-
ucts of tumor cells, including tumor antigens and other 

Table 6 Response and progression/death rates in patients with 
paraneoplastic nephrotic syndrome

Total Remission Progression/Death
Only treatment for 
cancer

37 26(70.3%) 11(29.7%)

Treatment for 
both diseases 
simultaneously

55 45(81.8%) 10(18.2%)

Only treatment for NS 9 2(22.2%)ab 7(77.8%)cd

aStatistically significant difference vs. treatment for cancer only. bStatistically 
significant difference vs. treatment for both diseases simultaneously. 
cStatistically significant difference vs. treatment for cancer only. dStatistically 
significant difference vs. treatment for both diseases simultaneously

Table 7 Results of sensitivity analyses
Outcome Metric Initial 

Analy-
sis (All 
Reports)

Refined 
Analysis 
(High-Quali-
ty Reports)

Change 
(%)

Urinary protein (g/day) 7.90 9.43 + 19%
Average Serum Albumin (g/dL) 1.99 1.97 + 1%
Creatinine
(mg/dl)

1.11 1.16 + 5%

Improvement Rate for PNS(%)
Only treatment for cancer 70.3% 70.5% + 0.5%
Treatment for both diseases 
simultaneously

81.8% 76% -5.8%

Only treatment for NS 22.2% 0 -22%
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unidentified tumor products [14]. The abnormal tumor 
cell products present as a paraneoplastic symptom that 
is not directly associated with tumor burden, invasion, or 
metastasis. To the best of our knowledge, paraneoplastic 
glomerular disease usually presents as NS [15]. In this 
study, we focused on the clinical features of PNS, with 
the intention of providing a reference for clinical practice.

Our study included 128 patients with solid malignan-
cies and NS, of whom 105 had PNS. PNS may appear 
after, before, or concurrently with diagnosis of malig-
nancy and is more likely to be considered when it occurs 
after or concurrently with the cancer diagnosis. How-
ever, NS can present as the initial clinical manifestation 
of an underlying malignancy. In this study, 38 patients 
were identified to have NS before diagnosis of cancer. 
In the absence of initial evidence of a solid malignancy, 
this population is prone to being misdiagnosed as having 
idiopathic nephrotic syndrome. Failure to correctly iden-
tify PNS may result in ineffective and potentially harmful 
treatments [16]. Establishing a temporal link between the 
two diseases may aid in diagnosing these patients. Some 
researchers have suggested that screening for tumors 
should not be neglected in the 6–12 months after onset 
of NS [17, 18]. Consistent with previous expert opinion 
[18], our findings indicate that cancer was diagnosed 
about 9.5 months after diagnosis of NS. The cases sum-
marized in this study were significantly more likely to be 
male. The types of cancer that develop in patients with 
kidney disease show a significant difference in sex distri-
bution. Liver, bladder, and kidney cancers are the three 
most common malignancies in male patients with end-
stage renal disease, while bladder, kidney, and breast can-
cers are more common in female patients [19]. The cases 
summarized here ranged in age from 7 to 84 years, with a 
median age of 60 years. Given that the prevalence of can-
cer in patients over the age of 60 years with NS exceeds 
20% [20], older men may be at higher risk of developing 
PNS. Therefore, it is reasonable to routinely screen for 
cancer in older men with a recent diagnosis of NS.

Given the occult nature of certain tumors in their 
early stages, conventional tumor biomarkers were not 
continuously monitored in the majority of our reported 
cases. Six cases were monitored for tumor biomarkers 
and renal function in parallel during treatment [21–26]. 
In all six cases, the symptoms of NS gradually improved 
as the relevant serum tumor biomarker levels decreased. 
Continuous monitoring of conventional tumor biomark-
ers might be useful for evaluation of the efficacy of treat-
ment and the prognosis of PNS. Although our findings 
indicate a close relationship between NS and malignancy, 
conventional tumor biomarkers could not be used alone 
as diagnostic and screening indicators for PNS. Further-
more, given the limitations of conventional renal biopsies 
and the fact that tumor antigens are rarely isolated from 

glomeruli [27], it is essential to find reliable serological 
biomarkers to differentiate between idiopathic nephrotic 
syndrome and PNS. Novel specific serum markers have 
been investigated. Phospholipase A2 receptor (PLA2R) 
was identified as a significant pathogenic podocyte anti-
gen involved in idiopathic MN and has been suggested to 
be a tumor suppressor [28, 29]. PLA2R-associated MN 
accounts for approximately 70–80% of idiopathic cases of 
MN [30]. Patients with MN in whom serum anti-PLA2R 
antibodies are detected might not have associated malig-
nancies [31]. In contrast, MN associated with thrombo-
spondin type 1 domain-containing 7  A (THSD7A) has 
been linked to an increased risk of malignancy and is 
predominantly expressed in PLA2R-negative cases [32]. 
THSD7A staining of renal biopsies was strongly cor-
related with positive THSD7A serum antibodies [33]. 
Therefore, anti-THSD7A antibody in serum might act 
as a marker for paraneoplastic MN. Recent findings sug-
gest that neural epidermal growth factor-like 1 protein 
(NELL-1)-positive MN in renal biopsies is strongly corre-
lated with malignancy and may have a role similar to that 
of THSD7A [34]. However, further studies are required 
to elucidate whether the anti-NELL1 antibody titer in 
serum correlates with underlying malignancy. Patients 
with MN who are negative for anti-PLA2R antibod-
ies and positive for anti-THSD7A antibodies in serum 
should be further evaluated for cancer. Further develop-
ment of serum and glomerular biomarkers with a high 
degree of sensitivity and specificity is required in terms of 
screening for other pathological types of NS.

PNS was milder (with higher serum albumin and 
lower proteinuria levels) in the group in which NS was 
detected first than in the group in which the tumor was 
detected first and the group in which the two diseases 
were detected simultaneously. The severity of NS was 
positively correlated with exacerbation of the underlying 
malignancy [35]. When NS is diagnosed in these patients, 
the cancer may still be in the early stages with a lower 
tumor burden and fewer associated antigen-antibody 
complexes. Nevertheless, the prevalence of hypertension 
and thrombotic events in this group was higher than in 
the other two groups. Hypertension in patients with NS 
may result from chronic edema or some underlying cause 
of nephropathy [36]. Previous investigations have found 
that hypertension is the most common cardiovascular 
comorbidity in cancer patients, with a prevalence of up 
to 37% [37]. Considering the milder symptoms of edema 
in the group in which NS was detected, we assume that 
the higher prevalence of hypertension may be second-
ary to the underlying malignancy, anticancer treat-
ment, or other causes independent of cancer and NS. 
Approximately 25% of individuals with cancer-related 
MN experience thrombotic events [38], and previous 
cancer and hypertension are independent risk factors 
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for thromboembolism in patients with NS. Therefore, we 
propose that thrombotic events may serve as a clinical 
indicator warranting suspicion of underlying malignancy 
in patients with NS.

The pathological type of NS may be related to the type 
of tumor, and this association may be more pronounced 
for specific cancers. Renal glomerulopathy in PNS usu-
ally manifests as MN in patients with solid malignancy, 
especially in patients with lung or gastrointestinal tract 
cancers [39]. In our study, MN accounted for almost 
half (49%) of all patients receiving renal biopsies. Of the 
13 patients with lung cancer-associated NS, seven (54%) 
were diagnosed with MN. Five (56%) of nine patients 
with colorectal cancer had combined MN. It is also worth 
noting that five (83%) of the six cases of breast cancer 
had a diagnosis of MN. Furthermore, MCN was fre-
quently observed in glomerular lesions among patients 
with thymoma. Renal biopsies in five (63%) of the eight 
patients with thymoma showed MCN. When the above-
mentioned tumors are diagnosed, our findings may pro-
vide direction for the treatment of NS in patients who are 
not eligible for renal biopsy. No significant correspon-
dence was found between other pathological types of NS 
and tumor types, mainly because of the limited number 
of cases reported. Therefore, more extensive studies in 
larger sample sizes are warranted.

Typically, management of PNS centers primarily on 
addressing the underlying tumor. In 25% of patients 
with tumor-related NS, successful treatment of the can-
cer was followed by remission of NS [40]. In the present 
study, the improvement rate was higher in patients who 
received concurrent treatment for both conditions than 
in those who received treatment solely for a tumor or 
NS. In addition to symptomatic treatment, corticoste-
roids were frequently used in the treatment of NS. The 
selection and duration of hormone therapy, as well as the 
choice and utilization of cytotoxic agents, should be tai-
lored to the patient’s renal function, age, glomerulopathy-
related contraindications, and the specific pathological 
type. Furthermore, clinicians should focus on prevention 
of thromboembolic events and hypertension in these 
patients.

Antineoplastic drugs, including cytotoxic agents, tar-
geted agents, and immunomodulators, had a similar 
role in inducing and aggravating kidney damage in can-
cer patients, which was confirmed by the close temporal 
relationship between the onset of NS and administra-
tion of certain agents. In our study, NS was induced in 
23 patients after a period of use of antineoplastic drugs; 
and 22 of these patients showed significant remission of 
NS after cessation of these agents. Anti-angiogenic tar-
geted therapies and ICIs, which have become important 
anticancer treatments in recent years, have an uncertain 

impact on NS. It is a challenge to manage renal adverse 
reactions caused by antineoplastic agents.

Conclusion
In conclusion, NS can present as a paraneoplastic syn-
drome or as an adverse effect of antineoplastic agents in 
patients with solid malignancies. A definitive diagnosis 
is required to formulate effective treatment options for 
NS. The diagnosis of PNS becomes more challenging 
when NS precedes the onset of malignancy. It is difficult 
to decide which patients should be screened for malig-
nancies. Our findings indicate that older male patients 
with NS may have a higher risk of underlying cancer. 
A negative anti-PLA2R antibody result and a positive 
anti-THSD7A antibody result in serum may prompt the 
search for an underlying malignancy. Based on the defini-
tive diagnosis, patients treated for both diseases simul-
taneously have a higher remission rate. We also found 
that the pathological type of NS may be associated with 
specific tumors in patients with PNS. This hypothesis 
requires further investigation.

Abbreviations
FSGS  Focal segmental glomerular sclerosis
MCN  Minimal change nephropathy
MN  Membranous nephropathy
MPGN  Membranoproliferative
NELL-1  Neural epidermal growth factor-like 1 protein
NS  Nephrotic syndrome
PLA2R  Phospholipase A2 receptor
PNS  Paraneoplastic nephrotic syndrome
THSD7A  Thrombospondin type 1 domain-containing 7 A

Acknowledgements
None.

Author contributions
FL conceived and designed the idea, reviewed, edited, and eventually 
approved the final manuscript. YW screened abstracts and full-text articles 
for inclusion, and critically revised the manuscript for important intellectual 
content. ZW and ZH contributed to data collation and statistical analysis. SL 
summarized the data and drafted the initial manuscript.

Funding
This work was supported by a grant from Shandong Province Key Discipline 
Project in Traditional Chinese Medicine Oncology.

Data availability
All data generated or analyzed during this study are included in this article. 
Further enquiries can be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
This scoping review is a synthesis of existing literature. Ethics approval and 
consent to participate are therefore not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.



Page 10 of 10Liu et al. BMC Nephrology          (2024) 25:215 

Received: 18 February 2024 / Accepted: 7 June 2024

References
1. Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The ever-increasing 

importance of cancer as a leading cause of premature death worldwide. 
Cancer. 2021;127:3029–30. https://doi.org/10.1002/cncr.33587

2. Zhao M, Mi L, Ji Y, He X, Gao Y, Hu Y, Xu K. Advances of autoimmune rheu-
matic diseases related to malignant tumors. Inflamm Res. 2023;72:1965–79. 
https://doi.org/10.1007/s00011-023-01780-6

3. Ragulan S, Walker T, Modayil P, Odutoye B, Lee M. Hematological paraneoplas-
tic syndrome and heparin-induced thrombocytopenia in untreated parotid 
acinic cell carcinoma - a case report. Ann Maxillofac Surg. 2021;11:152–5. 
https://doi.org/10.4103/ams.ams_121_13

4. Kodner C. Nephrotic syndrome in adults: diagnosis and management. Am 
Fam Physician. 2016;93:479–85.

5. Jhaveri KD, Shah HH, Calderon K, Campenot ES, Radhakrishnan J. Glomerular 
diseases seen with cancer and chemotherapy: a narrative review. Kidney Int. 
2013;84:34–44. https://doi.org/10.1038/ki.2012.484

6. Levi I, Dinour D, Ben-Bassat I, Raanani P. Acute myeloid leukemia associated 
with nephrotic syndrome: case report and literature review. Leuk Lymphoma. 
2002;43:1133–6. https://doi.org/10.1080/10428190290021443

7. Wang JM, Li X. A 78-year-old man with rapidly-progressing sarcomatoid renal 
cell carcinoma. Conn Med. 2013;77:343–6.

8. de Decker S, Bovy C, Deflandre J, Moonen M, Van Nes MC. Treatment of a 
nephrotic syndrome by endoscopic removal of a villous adenoma of the 
duodenum. Gastroenterol Clin Biol. 2010;34:625–8. https://doi.org/10.1016/j.
gcb.2010.08.001

9. Jeyabalan A, Trivedi M. Paraneoplastic glomerular diseases. Adv Chronic 
Kidney Dis. 2022;29:116–26. https://doi.org/10.1053/j.ackd.2022.02.009

10. Audard V, Larousserie F, Grimbert P, et al. Minimal change nephrotic syn-
drome and classical Hodgkin’s lymphoma: report of 21 cases and review 
of the literature. Kidney Int. 2006;69:2251–60. https://doi.org/10.1038/
sj.ki.5000341

11. Lowry WS, Munzenrider JE, Lynch GA. Nephrotic syndrome in Hodgkin’s 
disease. Lancet. 1971;1:1127. https://doi.org/10.1016/s0140-6736(71)91860-5

12. Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X, Rixe O, Morere JF, 
Beuzeboc P, Deray G, Renal I, Cancer medications Study G. Prevalence of renal 
insufficiency in cancer patients and implications for anticancer drug man-
agement: the renal insufficiency and anticancer medications (IRMA) study. 
Cancer. 2007;110:1376–84. https://doi.org/10.1002/cncr.22904

13. Christiansen CF, Onega T, Svaerke C, Kormendine Farkas D, Jespersen 
B, Baron JA, Sorensen HT. Risk and prognosis of cancer in patients with 
nephrotic syndrome. Am J Med. 2014;127:871–7. https://doi.org/10.1016/j.
amjmed.2014.05.002

14. Ronco PM. Paraneoplastic glomerulopathies: new insights into an old entity. 
Kidney Int. 1999;56:355–77. https://doi.org/10.1046/j.1523-1755.1999.00548.x

15. Bacchetta J, Juillard L, Cochat P, Droz JP. Paraneoplastic glomerular diseases 
and malignancies. Crit Rev Oncol Hematol. 2009;70:39–58. https://doi.
org/10.1016/j.critrevonc.2008.08.003

16. Lien YH, Lai LW. Pathogenesis, diagnosis and management of paraneoplastic 
glomerulonephritis. Nat Rev Nephrol. 2011;7:85–95. https://doi.org/10.1038/
nrneph.2010.171

17. Wągrowska-Danilewicz M, Danilewicz M. Nephrotic syndrome and neoplasia: 
our experience and review of the literature. Pol J Pathol. 2011;62:12–8.

18. Plaisier E, Ronco P. Screening for cancer in patients with glomerular diseases. 
Clin J Am Soc Nephrol. 2020;15:886–8. https://doi.org/10.2215/CJN.09000819

19. Chien CC, Han MM, Chiu YH, Wang JJ, Chu CC, Hung CY, Sun YM, Yeh NC, 
Ho CH, Lin CC, Kao HY, Weng SF. Epidemiology of cancer in end-stage 
renal disease dialysis patients: a national cohort study in Taiwan. J Cancer. 
2017;8:9–18. https://doi.org/10.7150/jca.16550

20. Zech P, Colon S, Pointet P, Deteix P, Labeeuw M, Leitienne P. The nephrotic 
syndrome in adults aged over 60: etiology, evolution and treatment of 76 
cases. Clin Nephrol. 1982;17:232–6.

21. Ito C, Akimoto T, Nakazawa E, Komori S, Sugase T, Chinda J, Takahashi H, 
Ioka T, Muto S, Kusano E. A case of cervical cancer-related membranous 
nephropathy treated with radiation therapy. Intern Med. 2011;50:47–51. 
https://doi.org/10.2169/internalmedicine.50.4341

22. Matsuura H, Sakurai M, Arima K. Nephrotic syndrome due to membranous 
nephropathy associated with metastatic prostate cancer: rapid remission 

after initial endocrine therapy. Nephron. 2000;84:75–8. https://doi.
org/10.1159/000045542

23. Valcamonico F, Ferrari V, Simoncini E, Gregorini G, Vassalli L, Amoroso V, Mar-
picati P, Rangoni G, Mambrini A, Marini G. Paraneoplastic nephrotic syndrome 
in advanced breast cancer patient. A case report. Tumori. 2004;90:154–6. 
https://doi.org/10.1177/030089160409000132

24. Hiromura K, Fukushima Y, Tsukada Y, Kanai H, Maezawa A, Yano S, Naruse T. 
Nephrotic syndrome associated with liver metastasis of rectal cancer. Neph-
ron. 1995;69:485–6. https://doi.org/10.1159/000188527

25. Kim YT, Rha SY, Shim CY, Sohn JH, Kim C, Yu NC, Chung HC, Kim JH, Han 
DS, Kim BS, Roh JK. A case of paraneoplastic nephrotic syndrome in a 
patient with ovarian carcinoma. Yonsei Med J. 2003;44:539–43. https://doi.
org/10.3349/ymj.2003.44.3.539

26. Muramoto T, Kaneko K, Kuroki A, Konishi K, Ito H, Katagiri A, Kubota Y, Ohtsu 
A, Imawari M. Causal relationships between esophageal squamous cell 
carcinoma and nephrotic syndrome. Intern Med. 2009;48:65–9. https://doi.
org/10.2169/internalmedicine.48.1292

27. Zhang C, Zhang M, Chen D, Ren Q, Xu W, Zeng C, Qin W, Liu Z. Features of 
phospholipase A2 receptor and thrombospondin type-1 domain-containing 
7A in malignancy-associated membranous nephropathy. J Clin Pathol. 
2019;72:705–11. https://doi.org/10.1136/jclinpath-2019-205852

28. Beck LH Jr, Bonegio RG, Lambeau G, Beck DM, Powell DW, Cummins TD, 
Klein JB, Salant DJ. M-type phospholipase A2 receptor as target antigen in 
idiopathic membranous nephropathy. N Engl J Med. 2009;361:11–21. https://
doi.org/10.1056/NEJMoa0810457

29. Menschikowski M, Hagelgans A, Nacke B, Jandeck C, Sukocheva O, Siegert 
G. Epigenetic control of phospholipase A2 receptor expression in mam-
mary cancer cells. BMC Cancer. 2015;15:971. https://doi.org/10.1186/
s12885-015-1937-y

30. Du Y, Li J, He F, Lv Y, Liu W, Wu P, Huang J, Wei S, Gao H. The diagnosis accuracy 
of PLA2R-AB in the diagnosis of idiopathic membranous nephropathy: a 
meta-analysis. PLoS ONE. 2014;9:e104936. https://doi.org/10.1371/journal.
pone.0104936

31. Hoxha E, Kneissler U, Stege G, Zahner G, Thiele I, Panzer U, Harendza S, 
Helmchen UM, Stahl RA. Enhanced expression of the M-type phospholi-
pase A2 receptor in glomeruli correlates with serum receptor antibodies in 
primary membranous nephropathy. Kidney Int. 2012;82:797–804. https://doi.
org/10.1038/ki.2012.209

32. Zhang P, Huang W, Zheng Q, Tang J, Dong Z, Jiang Y, Liu Y, Liu W. A novel 
insight into the role of PLA2R and THSD7A in membranous nephropathy. J 
Immunol Res. 2021;2021(8163298). https://doi.org/10.1155/2021/8163298

33. Sharma SG, Larsen CP. Tissue staining for THSD7A in glomeruli correlates 
with serum antibodies in primary membranous nephropathy: a clinico-
pathological study. Mod Pathol. 2018;31:616–22. https://doi.org/10.1038/
modpathol.2017.163

34. Sethi S, Debiec H, Madden B, Charlesworth MC, Morelle J, Gross L, Ravindran 
A, Buob D, Jadoul M, Fervenza FC, Ronco P. Neural epidermal growth factor-
like 1 protein (NELL-1) associated membranous nephropathy. Kidney Int. 
2020;97:163–74. https://doi.org/10.1016/j.kint.2019.09.014

35. Eagen JW. Glomerulopathies of neoplasia. Kidney Int. 1977;11:297–303. 
https://doi.org/10.1038/ki.1977.47

36. Liebeskind DS. Nephrotic syndrome. Handb Clin Neurol. 2014;119:405–15. 
https://doi.org/10.1016/B978-0-7020-4086-3.00026-6

37. Jain M, Townsend RR. Chemotherapy agents and hypertension: a focus 
on angiogenesis blockade. Curr Hypertens Rep. 2007;9:320–8. https://doi.
org/10.1007/s11906-007-0058-7

38. Glassock RJ. Attending rounds: an older patient with nephrotic syndrome. 
Clin J Am Soc Nephrol. 2012;7:665–70. https://doi.org/10.2215/CJN.12771211

39. Bacchetta J, Ranchère D, Dijoud F, Droz JP. Mesothelioma of the testis and 
nephrotic syndrome: a case report. J Med Case Rep. 2009;3:7248. https://doi.
org/10.1186/1752-1947-3-7248

40. Kijima Y, Yoshinaka H, Owaki T, Nozaki T, Hamada T, Yasumoto Y, Aikou T. 
Breast cancer with nephrotic syndrome: report of two cases. Surg Today. 
2004;34:755–9. https://doi.org/10.1007/s00595-004-2811-8

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1002/cncr.33587
https://doi.org/10.1007/s00011-023-01780-6
https://doi.org/10.4103/ams.ams_121_13
https://doi.org/10.1038/ki.2012.484
https://doi.org/10.1080/10428190290021443
https://doi.org/10.1016/j.gcb.2010.08.001
https://doi.org/10.1016/j.gcb.2010.08.001
https://doi.org/10.1053/j.ackd.2022.02.009
https://doi.org/10.1038/sj.ki.5000341
https://doi.org/10.1038/sj.ki.5000341
https://doi.org/10.1016/s0140-6736(71)91860-5
https://doi.org/10.1002/cncr.22904
https://doi.org/10.1016/j.amjmed.2014.05.002
https://doi.org/10.1016/j.amjmed.2014.05.002
https://doi.org/10.1046/j.1523-1755.1999.00548.x
https://doi.org/10.1016/j.critrevonc.2008.08.003
https://doi.org/10.1016/j.critrevonc.2008.08.003
https://doi.org/10.1038/nrneph.2010.171
https://doi.org/10.1038/nrneph.2010.171
https://doi.org/10.2215/CJN.09000819
https://doi.org/10.7150/jca.16550
https://doi.org/10.2169/internalmedicine.50.4341
https://doi.org/10.1159/000045542
https://doi.org/10.1159/000045542
https://doi.org/10.1177/030089160409000132
https://doi.org/10.1159/000188527
https://doi.org/10.3349/ymj.2003.44.3.539
https://doi.org/10.3349/ymj.2003.44.3.539
https://doi.org/10.2169/internalmedicine.48.1292
https://doi.org/10.2169/internalmedicine.48.1292
https://doi.org/10.1136/jclinpath-2019-205852
https://doi.org/10.1056/NEJMoa0810457
https://doi.org/10.1056/NEJMoa0810457
https://doi.org/10.1186/s12885-015-1937-y
https://doi.org/10.1186/s12885-015-1937-y
https://doi.org/10.1371/journal.pone.0104936
https://doi.org/10.1371/journal.pone.0104936
https://doi.org/10.1038/ki.2012.209
https://doi.org/10.1038/ki.2012.209
https://doi.org/10.1155/2021/8163298
https://doi.org/10.1038/modpathol.2017.163
https://doi.org/10.1038/modpathol.2017.163
https://doi.org/10.1016/j.kint.2019.09.014
https://doi.org/10.1038/ki.1977.47
https://doi.org/10.1016/B978-0-7020-4086-3.00026-6
https://doi.org/10.1007/s11906-007-0058-7
https://doi.org/10.1007/s11906-007-0058-7
https://doi.org/10.2215/CJN.12771211
https://doi.org/10.1186/1752-1947-3-7248
https://doi.org/10.1186/1752-1947-3-7248
https://doi.org/10.1007/s00595-004-2811-8

	Nephrotic syndrome associated with solid malignancies: a systematic review
	Abstract
	Introduction
	Materials and methods
	Data sources and patients
	Study selection, data extraction
	Quality and risk of bias assessment
	Statistical analysis

	Results
	Clinical features
	Paraneoplastic nephrotic syndrome
	NS induced by cancer therapy


	Paraneoplastic nephrotic syndrome: relationship between renal pathology and type of cancer
	NS induced by cancer therapy: relationship between treatment and pathological type of NS
	Treatment and outcomes


