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ABSTRACT 

Background. Chronic kidney disease ( CKD) and renal cell carcinoma share a bidirectional relationship, with radical 
nephrectomy posing a significant risk for postoperative renal decline. This study identifies radical nephrectomy as a 
critical opportunity to evaluate the non-neoplastic renal parenchyma. 
Methods. We conducted a prospective observational study on 30 adult patients diagnosed with renal or urothelial cancer 
who underwent radical nephrectomy. Samples of non-neoplastic renal parenchyma were collected during surgery and 

analyzed using optical microscopy and immunofluorescence. Renal function was assessed pre- and postoperatively 
using the CKD-EPI formula. 
Results. The cohort comprised 30 patients ( 63.3% male) with a median age of 65.5 years ( min 29–max 83) . Following 
radical nephrectomy, 50% of patients with preserved preoperative renal function experienced a decline to estimated 

glomerular filtration rate < 60 ml/min/1.73 m2 . Histopathological evaluation of the non-neoplastic parenchyma revealed 

chronic tubulointerstitial damage in 41% ( n = 12) and arteriosclerotic vascular damage in 38% ( n = 11) of cases. Notably, 
occult nephropathies were identified in 24% ( n = 7) of the cohort, comprising diabetic glomerulosclerosis ( n = 2) , 
membranous nephropathy ( n = 2) , fibrillary glomerulonephritis ( n = 1) , IgA nephropathy ( n = 1) , and minimal change 
disease ( n = 1) . Two cases ( IgA nephropathy and minimal change disease) demonstrated spontaneous remission 

postsurgery, consistent with a paraneoplastic etiology. 
Conclusions. The non-neoplastic renal parenchyma in renal cell carcinoma patients frequently exhibits occult 
pathological changes, predominantly tubulointerstitial damage likely driven by the tumor microenvironment. The study 
highlights a higher-than-expected prevalence of undiagnosed nephropathies ( 24%) , including paraneoplastic cases. 
Routine histological evaluation during radical nephrectomy is essential for optimizing patient management, avoiding 
unnecessary subsequent biopsies, and guiding therapeutic decisions in the oncological setting. 
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KEY LEARNING POINTS 

What was known: 
� Radical nephrectomy is associated with a substantial risk of postoperative chronic kidney disease ( CKD) , but systematic 

evaluation of the non-neoplastic renal parenchyma is not routinely performed. 
� CKD and renal cell carcinoma share bidirectional links through shared risk factors, chronic inflammation, and treatment- 

related nephrotoxicity. 
� Paraneoplastic nephropathies associated with renal tumors are considered rare and are likely underdiagnosed due to limited 

histological assessment. 

This study adds: 
� Histological examination of non-neoplastic renal parenchyma at radical nephrectomy revealed a high prevalence of occult 

renal pathology, including chronic tubulointerstitial damage and previously undiagnosed glomerular diseases. 
� Nearly one-quarter of patients had confirmed nephropathies, including paraneoplastic forms that resolved after tumor 

removal. 
� Intraoperative renal histology directly informed nephrological risk stratification and postoperative management, avoiding 

additional kidney biopsies. 

Potential impact: 
� Routine assessment of non-neoplastic renal tissue during radical nephrectomy may enable earlier identification of CKD risk 

and occult nephropathies. 
� This approach can guide individualized nephrological follow-up, optimize oncological treatment decisions, and reduce un- 

necessary invasive procedures. 
� Integration of nephrology into surgical oncology pathways could improve long-term renal outcomes in patients with kidney 

cancer. 

NTRODUCTION 

hronic kidney disease ( CKD) and renal cell carcinoma ( RCC) are 
wo critical clinical conditions that significantly impact global 
ealthcare and the quality of life for millions of people [ 1 ]. CKD is 
haracterized by a progressive decline in kidney function due to 
he natural aging process of kidney. Accordantly, its prevalence 
s higher in older populations—and partly attributed to risk fac- 
ors such as hypertension, diabetes, and primary nephropathies. 
CC shares several risk factors with CKD, and in recent years, the 
idirectional relationship between these two conditions has be- 
ome increasingly evident [ 2–7 ]. Chronic inflammation induced 

y uremia and oxidative stress ( all hallmarks of CKD) are key 
ontributors to RCC development [ 8 , 9 ]. 

On the other hand, the use of antineoplastic drugs, their as- 
ociated toxicity, and the necessity for radical nephrectomies 
re factors that promote the progression of CKD in patients 
nitially diagnosed with RCC [ 10–15 ]. Patients with kidney can- 
er eligible for surgical treatment can undergo partial nephrec- 
omy or radical nephrectomy, with an associated risk [indepen- 
ently of baseline estimated glomerular filtration rate ( eGFR) ] 
f developing chronic kidney disease of 20% and 33.7%, respec- 
ively. The risk increases to 36% in patients who had stage 
V chronic kidney failure according to the Kidney Disease: Im- 
roving Global Outcomes ( KDIGO) classification before surgery 
 16 ]. 

Patients with renal neoplasms often do not receive a nephro- 
ogical assessment before or immediately after undergoing radi- 
al nephrectomy. This increases the probability of a nephrologi- 
al intervention only when the opportunity to prevent a decline 

in renal function has been lost. At that point, the nephrologist
can only avoid progressive renal deterioration. 

This study identifies radical nephrectomy as a critical, yet 
often overlooked, opportunity to evaluate the condition of the 
non-neoplastic renal parenchyma through detailed histological 
evaluation. The study aims to achieve two main goals: first, to
assess the quality of the non-neoplastic renal parenchyma in 

patients undergoing radical nephrectomy, to identify early signs 
of potential renal function decline, and to provide timely inter- 
vention for high-risk patients. Second, to determine the preva- 
lence of undiagnosed nephropathies—whether paraneoplastic 
or unrelated—that could offer further insights into the bidirec- 
tional relationship between CKD and RCC. 

MATERIALS AND METHODS 

We conducted a prospective observational study including 30 
consecutive adult patients diagnosed with renal or urothelial 
cancer who were scheduled for elective radical nephrectomy 
between March 2023 and December 2024. No patients were 
excluded based on preoperative evaluation. Samples of non- 
neoplastic renal parenchyma were collected during surgery. To 
ensure the tissue reflected baseline renal architecture and was 
free from tumor compression effects, samples were harvested 

at least 2 cm from the tumor margin. The histological analysis
included optical microscopy and immunofluorescence. The re- 
nal function was assessed both before and after surgery through 

serum creatinine measurement and glomerular filtration rate 
( GFR) calculation using the CKD-EPI formula. Preoperative serum 
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Table 1: Individual patient characteristics, key comorbidities, and corresponding histological findings of the non-neoplastic renal parenchyma. 

Age Smoke HyperT Diabete Obesity 
SCr 

( mg/dl) 
GFR 

ml/min 
ACE/RAS 
inhibitors 

Histological 
diagnosis 

Pt1 78 Yes Yes Yes Yes 1.6 39 Yes DN 

Pt2 68 Yes Yes No No 0.7 96 No DN 

Pt3 64 No No No No 0.6 96 No MCD 

Pt4 68 Yes Yes No Yes 1.2 62 Yes cTIN 

Pt5 67 Yes Yes No Yes 1.1 68 Yes cTIN 

Pt6 51 Yes Yes No Yes 0.7 110 Yes AVD 

Pt7 61 Yes No No Yes 0.65 95 No AVD 

Pt8 29 Yes No No No 0.6 125 No AVD 

Pt9 78 Previous Yes No Yes 1.2 60 Yes cTIN 

Pt10 80 Previous Yes Yes No 1.3 52 Yes cTIN 

Pt11 47 Yes No No No 0.7 109 No AVD 

Pt12 68 Previous Yes No No 0.8 73 Yes cTIN 

Pt13 48 No Yes No Yes 0.9 98 Yes AVD 

Pt14 63 Previous Yes No No 0.8 77 Yes IgAN 

Pt15 60 No Yes No No 1 79 Yes AVD 

Pt16 72 No Yes No No 1.4 38 Yes cTIN 

Pt17 63 No Yes No No 0.9 90 Yes AVD 

Pt18 71 No No No No 0.9 87 No AVD 

Pt19 71 Yes Yes Yes Yes 1.2 45 Yes AVD 

Pt20 83 No No No No 0.7 75 No cTIN 

Pt21 63 Previous Yes No No 1.5 49 No cTIN 

Pt22 54 Previous Yes No No 0.74 105 Yes AVD 

Pt23 60 No Yes No No 1.0 81 Yes AVD 

Pt24 82 No Yes Yes No 1.1 48 Yes cTIN 

Pt25 80 Previous Yes No Yes 1.5 43 Yes cTIN 

Pt26 84 Previous Yes No No 1.1 61 Yes cTIN 

Pt27 60 No Yes No No 2.2 42 Yes Fibrillary GN 

Pt28 62 Previous Yes Yes No 1.3 41 No MN + /cTIN 

Pt29 60 Yes Yes No No 1.8 41 No MN −
HypertT: hypertension, sCr: serum creatinine, DN: diabetic nephropathy, MCD: minimal change disease, cTIN: chronic tubular interstitial nephritis, AVD: arterioloscle- 
rotic vascular damage, IgAN: IgA nephropathy, MN + : membranous nephropathy PLA2R positive, MN −: PLA2R negative. 
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reatinine values were obtained from routine tests upon pa- 
ient admission to the hospital, on the day of surgery. Sub- 
equently, patients diagnosed with confirmed nephropathy, or 
hose deemed at high risk for CKD progression based on histo- 
ogical findings and comorbidities, were enrolled in a structured 

ephrological follow-up program. The definition of paraneoplas- 
ic nephropathy was based on: ( 1) Occurrence of nephropathy 
n chronological coincidence ( either before, as a paraneoplastic 
yndrome, or during the course or in rapid succession) with the 
ncological disease; ( 2) ‘Spontaneous’ remission after surgery; 
 3) In the absence of history or immunological or clinical signs 
uggestive of a primary form. 

ESULTS 

mong the thirty adult patients who underwent nephrec- 
omy, there are 19 men and 11 women, with a median age 
f 65.5 years ( min 29–max 83) . Individual patient character- 

stics, key comorbidities, and corresponding histological find- 
ngs of the non-neoplastic renal parenchyma are reported in 

able 1 . 
Hypertension, diabetes, smoking, and a BMI > 25 are the 

ost relevant comorbidities evaluated in this patient popula- 
ion, as they are well-established risk factors for a more rapid 

ecline in renal function. They are distributed in our patient 
opulation as reported in Fig. 1 . The different tumor types are 
eported in Table 2 . An example of a non-neoplastic renal corti- 

Table 2: Renal tumor histology in the patient cohort. 

Renal tumor histology Number of patients 

Clear cell renal cell carcinoma 18/30 60% 

Chromophobe carcinoma 4/30 13.3% 

Urothelial carcinoma 3/30 10% 

Papillary carcinoma 2/30 6.7% 

Epithelioid renal angiosarcoma 1/30 3.3% 

Oncocytoma 1/30 3.3% 

Eosinophilic carcinoma 1/30 3.3% 

cal tissue in a patient with right kidney neoplasm is shown in
Fig. 2 . 

Before radical nephrectomy, 33% of patients had an eGFR
< 60 ml/min. Conversely, in the postoperative period, 50%
of patients who possessed a preserved preoperative eGFR
( > 60 ml/min) experienced a decline in renal function. The anal-
ysis of the non-neoplastic renal parenchyma revealed different
histological findings ( Table 3 ) : 7 out of 30 pts ( 24%) of were diag-
nosed with confirmed nephropathy ( 1 minimal change disease,
1 IgA nephropathy, 1 fibrillary glomerulonephritis, 2 membra-
nous glomerulonephritis, 2 early diabetic glomerulosclerosis) .
Forty-one percent of patients were diagnosed with chronic tubu-
lointerstitial damage and 38% of patients were diagnosed with
mild arteriosclerotic vascular damage or advanced atheroscle-
rotic damage. 
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Figure 1: Distribution of comorbidities in the patient cohort. 

Figure 2: Evaluation of non-neoplastic renal cortical tissue in a patient with right kidney neoplasm, showing acute tubular injury ( A, Pas staining; D, Trichrome staining) 

and moderate interstitial fibrosis and tubular atrophy with chronic mononuclear inflammatory infiltrate ( BC, E-F, Pas staining; Trichrome staining) ( scale bar is shown) . 
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In light of the histological examination findings, the patient 
ohort was stratified into distinct treatment categories as fol- 
ows: seven out of 30 diagnosed with confirmed nephropathy 
ere initiated on targeted pharmacological therapy and enrolled 

n a structured nephrological follow-up program. Eight out of 30 

were scheduled for nephrological follow-up at 6-month or an- 
nual intervals, due to their reduced postoperative eGFR associ- 
ated with risk factors predisposing them to further renal func- 
tion decline. The remaining 15 patients, who either maintained 

preserved renal function or exhibited a decline not linked to spe-
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Table 3: Distribution of healthy renal parenchyma histology. 

Healthy renal parenchyma histology 
Number of 

patients 

Early diabetic glomerulosclerosis 2 
Mild vascular damage mainly atherosclerotic 9 
Arteriolosclerotic vascular damage 2 
Minimal change disease 1 
Chronic tubule-interstitial damage 11 + 1 ∗

Fibrillary glomerulonephritis 1 
IgA nephropathy 1 
Membranous 
glomerulonephritis 

With Ab—Anti Pla2r + 1 

With Ab—Anti PLA2R − 1 

∗ + 1 refers to a patient with dual diagnosis ( chronic tubulointerstitial damage and PLA2R membranous nephropathy. This case was counted in both reference categories. 
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ific comorbidities or risk factors, were referred to their primary 
are physician for routine clinical monitoring. 

The seven patients with confirmed nephropathy were man- 
ged as follows: 

� Minimal change disease and IgA nephropathy : these condi- 
tions spontaneously regressed following radical nephrec- 
tomy, with only supportive care required. Based on the clini- 
cal course, specifically the spontaneous remission following 
nephrectomy, these findings strongly suggest a paraneoplas- 
tic origin for the observed Minimal Change Disease and IgA 

nephropathy. 
� Diabetic glomerulosclerosis : management included lifestyle 

modifications ( cessation of smoking and dietary interven- 
tions, since both patients were smokers and had a BMI > 25) , 
along with the administration of Sodium-glucose cotrans- 
porter 2 ( SGLT2) inhibitors. Both patients were referred for 
continuous nephrology follow-up. 

� Fibrillary glomerulonephritis : the patient was treated with Rit- 
uximab therapy. The patient was referred for nephrologi- 
cal follow-up due to significant renal function impairment 
caused by the nephropathy. 

� Membranous glomerulonephritis with positive anti-PLA2R anti- 
bodies : this nephropathy was diagnosed in a patient with ad- 
vanced metastatic neoplastic disease and multiple comor- 
bidities. In collaboration with oncology specialists, it was de- 
cided to start supportive nephrological therapy while await- 
ing the patient’s transition to palliative care. 

� Membranous glomerulonephritis with negative anti-PLA2R anti- 
bodies : this nephropathy was likely exacerbated by the ad- 
ministration of immune checkpoint inhibitors ( ICI) . Early 
interruption of ICI therapy was required due to the de- 
velopment of proteinuria and renal function deterioration. 
Glomerulonephritis was managed with observation and cor- 
ticosteroid therapy, and the patient was directed to continu- 
ous nephrology follow-up. 

ISCUSSION 

he overall analysis of the data showed a significant prevalence 
f comorbidities in patients with renal cancer, with particular 
eference to hypertension, found in 77% of the subjects, and 

moking, present in 63.3% of the patients. These results con- 
rm the importance of these risk factors, as previously high- 

ighted [ 1 ], in the predisposition to the development of renal 
eoplasms. BMI > 25, present in 30% of the patients, and di- 
betes mellitus, found in 16.6% of the patients, were instead 

found to be less frequent risk factors within the cohort exam-
ined. Furthermore, the distribution of comorbidities was not uni-
form among the patients: 60% of the subjects had at least two
concomitant risk factors, increasing the probability of an ac-
celerated deterioration of renal function in the postoperative
period. Another relevant parameter analyzed was renal func-
tion, assessed through the eGFR both in the preoperative and
postoperative period. Before surgery, 33% of patients had an
eGFR < 60 ml/min. This data, considering the median age of
the cohort equal to 65.5 years, is consistent with previous litera-
ture reports, according to which 22% of candidates for nephrec-
tomy present with an eGFR < 60 ml/min, a percentage that in-
creases to 40% in patients over 70 years of age. In the postop-
erative period, 50% of patients who initially presented with an
eGFR greater than 60 ml/min showed a decline in renal func-
tion to eGFR values < 60 ml/min. This percentage is higher than
the expected rate, which is around 33.7% according to the lit-
erature [ 17 ], probably due to the limited size of the cohort and
the significant number of pre-existing comorbidities in the pa-
tients included in the study. Histological analysis of healthy re-
nal parenchyma revealed that 41% of patients had chronic tubu-
lointerstitial damage, indicating a significant prevalence of this
condition within the population studied. The genesis of this
tubulointerstitial damage is likely closely related to chronic in-
flammation. This may reflect a paraneoplastic microenviron-
ment where the tumor induces systemic or local inflamma-
tion and potential thrombotic lesions. This data takes on par-
ticular significance as it suggests that, in patients undergoing
partial nephrectomy, the portion of the residual kidney could
also likely be involved in this pathological process, with poten-
tially significant implications for long-term renal function. The
most relevant finding for the objectives of this study is repre-
sented by the fact that 24% of patients ( seven in total) had con-
firmed nephropathy. Among these patients, two cases of con-
firmed paraneoplastic nephropathies were observed, one IgA
nephropathy and one minimal lesion disease, since both re-
solved spontaneously after surgical removal of the renal tumor.
Considering the limited size of the sample analyzed, the find-
ing of two paraneoplastic nephropathies represents a particu-
larly relevant finding. Although recognized in oncology [ 18–23 ],
paraneoplastic nephropathies associated with renal tumors are
infrequently documented, largely due to the lack of routine his-
tological assessment of the non-neoplastic kidney [ 24 ]. We can
assert that there is a certain lack of knowledge regarding the
specific prevalence of paraneoplastic nephropathies in patients
with renal cancer, and these cases suggest that paraneoplastic
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ephropathies from renal tumor may be more common than ex- 
ected. Membranous glomerulonephritis was found in two other 
atients, while fibrillary glomerulonephritis was observed in an- 
ther case. These cases likely do not have a paraneoplastic ori- 
in, as no regression of the nephropathy was observed following 
urgery. In these circumstances, the evaluation of healthy renal 
arenchyma was essential to avoid repeated biopsies aimed at 
cquiring a definitive diagnosis. In particular, in one of the pa- 
ients with membranous glomerulonephritis, the early initiation 

f treatment with ICI, before having histological results, led to a 
apid worsening of renal function, making it necessary to inter- 
upt the therapy. This example supports the importance of the 
valuation of healthy renal parenchyma in the oncological man- 
gement of the patient. 

ONCLUSIONS 

lthough this analysis is based on a limited sample size, it high- 
ights that chronic tubulointerstitial damage is the predominant 
lteration in the non-neoplastic renal parenchyma of patients 
ndergoing radical nephrectomy. Furthermore, the percentage 
f confirmed nephropathies observed is significant, and their 
arly identification allowed an optimization of the therapeutic 
anagement. 

The identification of two cases of paraneoplastic nephropa- 
hy holds particular significance, indicating a potentially higher 
ncidence of such conditions in patients with renal cancer than 

hat has been previously documented in the literature. 
In conclusion, evaluating the non-neoplastic renal 

arenchyma during radical nephrectomy is crucial. It al- 
ows for the early identification of undiagnosed nephropathies, 
stimates the functional reserve of the contralateral kidney, 
nd helps avoid repeated biopsies in patients with a solitary 
idney. Ultimately, this approach optimizes therapeutic choices 
nd reduces exposure to nephrotoxic treatments in high-risk 
atients. 
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