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ONCO-NEPHROLOGY
Onco-nephrology, has emerged as a new 

clinical entity in recent years, highlights the 
importance of the interaction between 

cancer and kidney disease. 
The nephrology–oncology connection is being emphasized 

more strongly in the recent years



In patients with the 5 most 
frequently occurring types 
of cancer, elevated SCR 
levels ranged from 1.7% 
of patients with breast 

cancer to 14.9% of 
patients with prostate 

cancer

IRMA STUDY n=4686 pts 

Are patients with 
cancer 

frequenting 
presenting with 

normal renal 
function? 
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CONSEQUENCES OF RENAL DISEASE IN CANCER PATIENTS 

p<0.0001

All patients, mths of survival

p<0.000
1

Patients without metastasis , mths of 
survival 

Median survival, mths HR (CI)

Population GFR>60 GFR<60

All pts (n=4267) 25 16.4 1.27 (1.12-1.44)

Non metastatic pts 
(n=2383) 25 21 1.42 (1.17-1.72

Launay-Vacher V. Semin Nephrol. 2010 Nov;30(6):548-56.



MEASUREMENT OF RENAL FUNCTION IN CANCER PATIENTS 

Why and when can be important to measure renal function 
in cancer patients? 
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CANCER PATIENT IS A DYNAMIC PATIENT!!
Sarcopenia is highly prevalent in oncology, with early results suggesting a 

prevalence of 11% to 74% in adults with cancer

Aging:
- Genetic predisposition

- - Comorbidities  
- - Reduced of physical activity

- - Declines in anabolic hormones

Cancer related 
factors: 

- Anorexia—
>decreased protein 

intake

- Tumor related 
factors: 

- increase of protein 
degradation 

Treatment related: 
- - Chemiotherapy 

- - Surgery
- - Radiation 

- - Supportive 
medication

- - Increased bed rest



Villaseñor A, Ballard-Barbash R, Baumgartner K et al. J Cancer Surviv. 2012 Dec;6(4):398-406.

Stene GB, Helbostad JL, Amundsen T, Acta Oncol. 2015 Mar;54(3):340-8.
SMCA: skeletal muscle cross sectional 
area



MEASUREMENT OF RENAL FUNCTION IN CANCER PATIENTS 

Why and when can be important to measure renal function 
in cancer patients? 

What is the best way to measure renal function in cancer patients?



Malyszko J, Tesarova P, Capasso G, Capasso A. Lancet. 2020 Jul 25;396(10246):277-287.

entially all renal structures might be involved and damaged by can  



Evaluation of glomerular filtration rate

Endogenous substances
Substances generated in the body at a relatively 

constant rate and eliminated largely by glomerular 
filtration

Metabolites

- Urea (60 Da)

- creatinine (113 Da)

Low molecular weight serum proteins

- Cystatin C (13,300 Da)

- B2M (11,700 Da)

Exogenous substances

- Inulin (5200 Da)

- Iothalamate (usually with 125I) (640 Da)

- Iohexol (821 Da)

- 51Cr-EDTA (372 Da)

- 99mTc-DTPA (938 Da) 

Clinically 
impractic

al Time 
spending 

Timed 
urine 

collection

Intraindivi
dual 

variability



Cystatin C is a 13,000-Dalton cysteine proteinase inhibitor produced by all nucleated cells at a 
constant rate. 

It is freely filtered at the glomerulus and then undergoes catabolism within the kidney tubules, 
resulting in insignificant urinary excretion. 

Thus the serum level of cystatin C depends on the GFR, and it can be used as a measure of 
kidney function.

           sing serum cystatin C instead of serum creatinine to early predict renal failure in 52 cancer patients who rece  

Cavalcanti E, Barchiesi V, Cerasuolo D, et al . Anal Cell Pathol (Amst). 2016;2016:4918325.



Development of GFR<80

Creatinine Cystatin

<1.135

AUC for cystatin C was 0.667, while the AUC for creatinine was 
(0.792). The best threshold value for cystatin C was 1.135 

(associated with 90.5% sensitivity and 41.1% specificity, Youden 
index 0.319).

>1.135

Development of GFR<60

>1.415

<1.415

AUC for cystatin C was 0.743, while the AUC for creatinine was 
0.818.  The best threshold value for cystatin C was 1.415

(associated with 66.7% sensitivity and 73.2% specificity, Youden 
index 0.398).

Creatinine Cystatin

Cavalcanti E, Barchiesi V, Cerasuolo D, et al . Anal Cell Pathol (Amst). 2016;2016:4918325.



ESTIMATED GFR USING EQUATIONS 

CKD EPI 

GFR = 141 * min(Scr/κ,1)α * max(Scr/κ, 1)-1.209 * 0.993Age * 1.018 [if female] * 1.159 [if black]. 

        r females and 0.9 for males, α is -0.329 for females and -0.411 for males, min indicates the minimum of Scr/κ or 1, and        

MDRD

GFR (mL/min/1.73 m2) = 175 × (Scr)-1.154 × (Age)-0.203 × (0.742 if female)× (1.212 if African American)

Cockcroft-Gault formula

CrCl (male) = ([140-age] × weight in kg)/(serum creatinine × 72)
CrCl (female) = CrCl (male) × 0.85

Simple calculation Body weight

Overestimation in 
obese Less accurate in elderly

Highly accurate in presence of 
renal damage

Low  specificity for GFR 60-
90 ml/min

Highly accurate in presence of 
normal or slightly reduced renal 

function damage

Many correction 
factors Difficult calculation



A PRECISE ESTIMATION OF RENAL FUNCTION IN CANCER PATIENTS IS 
MANDATORY….BUT STILL COMPLICATED

Between August 2006 and January 2013, data from 2,471 patients
were obtained

Chromium-51 
ethylenediamine tetra acetic 

acid

The full data set to compare the performance of
seven published candidate models and BSA-adjusted models

(Mayo, Jelliffe, MDRD, and CKD-EPI) were used.

Median percentage error (PE), root-mean-squared error (RMSE),
interquartile range (IQR) of the residuals, and median absolute percentage

error (APE) were used to assess the accuracy of each GFR model for
predicting measured 51Cr-EDTA GFR.

Janowitz T, Williams EH, Marshall A, et al, J Clin Oncol. 2017 Aug 20;35(24):2798-2805.



Janowitz T, Williams EH, Marshall A, et al, J Clin Oncol. 2017 Aug 20;35(24):2798-2805.



Porta C, Bamias A, Danesh FR, et al Kidney Int. 2020 Nov;98(5):1108-1119.



ARE THERE CANCER-SPECIFIC FORMULA REQUIRING GFR ESTIMATION?

This formula uses a drug target area under the curve (AUC) as well as the GFR to calculate a drug dose. 

This approach has been well documented for carboplatin dosing, especially in patients with
ovarian and seminoma cancer, in whom a target AUC of 4 to 6 mg/mL/minute was determined to be the most appropriate

therapeutic range.

The National Comprehensive Cancer Network recommends using the Calvert calculation
for carboplatin dosing based on specific AUC targets (such as 4-6 mg/mL/minute).

Jodrell DI, Egorin MJ, Canetta RM, et al J Clin Oncol. 1992 Apr;10(4):520-8.



Fu X, Tian Z, Wen S, et al Nutrition. 2021 Feb;82:111032.

A new sarcopenia index (SI), defined as 
serum creatinine (Cr) × cystatin C (CysC)-

based glomerular filtration rate 
(eGFRCysC), 

has been reported to be an objective 
surrogate marker for sarcopenia.

Aim: evaluate if SI is associated with sarcopenia and cancer-related fatigue (CRF) in patients with advanced cancer.

Cr, creatinine; CysC, cystatin C; HGS, handgrip strength; SI, sarcopenia
index; SMA, skeletal muscle area; SMI, skeletal muscle index; BMI, body
mass index; Cr, creatinine; hs-CRP, high-sensitivity C-reactive protein;
ECOG PS, Eastern Cooperative Oncology Group performance status; NLR,
neutrophilto- lymphocyte ratio; SI, sarcopenia index.

ARE THERE CANCER-SPECIFIC FORMULA REQUIRING GFR ESTIMATION?



MEASUREMENT OF RENAL FUNCTION IN CANCER PATIENTS 

Why and when can be important to measure renal function 
in cancer patients? 

What is the best way to measure renal function in cancer patients?

Future perspectives..???????



Future perspectives..???????

Measure GFR in real 
time 

Beyond 
GFR….single 
nephron GFR

Tubular damage 
Biomarkers



Phase 2 study: 32 adults with normal kidney function (n=16), 
CKD tage 3 (n=8), or CKD stage 4 (n=8)

The study aimed to assess the safety and tolerability of visible 
fluorescent injectate (VFI) and to compare the GFRs 

determined by FAST mGFR technology (VFI mGFR) with 
iohexol clearance.

VFI
VFI consisted of 12 mg of FD003 and 35 mg of FD001 (150 and 5 kD conjugated dextrans, respectively). 

VFI was infused intravenously over 30 seconds and blood samples were subsequently collected at 15, 60, and 170 minutes. Blood plasma was diluted at 250 ml of plasma to 2.0 ml of a 
fluorescence enhancing reagent and analyzed on a Turner Trilogy filter fluorimeter to determine the concentrations of FD001 and FD003, respectively

Rizk DV, Meier D, Sandoval RM, et al J Am Soc Nephrol. 2018 Jun;29(6):1609-1613.



DETERMINATION AND SIGNIFICANCE OF SINGLE NEPHRON 
GFR

Living kidney donors from 2000 through 2011 at the Mayo Clinic

   arance for the assessment of the total GFR, and at the time of donation, a needle-co    

Denic A, Mathew J, Lerman LO, et al N Engl J Med. 2017 Jun 15;376(24):2349-2357.



The volume and density of nonsclerotic glomeruli were calculated with the 
use of stereologic assessments from the area of their cross sections (red 

outline) and the area of the cortex (green outline)

Denic A, Mathew J, Lerman LO, et al N Engl J Med. 2017 Jun 15;376(24):2349-2357.



The volume of the kidney cortex was determined by means of CT scans with the use of contrast 
material and was multiplied by the nonsclerotic glomerular density to calculate the number of 

nephrons

¨The total number of nephrons was calculated as the density of nonsclerotic glomeruli in the 
biopsy sample times the cortical volume of both kidneys and rounded to the nearest 10,000 

nephrons.

The single-nephron GFR was then calculated as the total GFR divided by the calculated total 
number of nephrons

The number of nephrons per kidney and 
the total GFR both declined with age, 

whereas the single- nephron GFR 
remained stable at approximately 79 nl per 

minute until 70 years of age 



nal damage frequently starts from the tubules, so a rise in serum creatinine concentrat  
and eGFR changes might be relatively late

Biomarker
Source

s

Tubular/

Glomerular

Marker

Functional/organi

c
Extra-renal sites

Predictive of 

AKI

Predictive of 

general outcome

NGAL S/U T/G F/O Y +++ ++

CYSTATIN C S/U G/T F Y +++ ++

IL-18 S/U T/G F/O Y +++ ++

KIM-1 U T O N +++ +

NAG U T O N ++ +

L-FABP U T/G F/O Y + +

α/π-GST U T O N + +

NHE-3 U T O N - -

IL-6 S G/T F/O Y - -



MEASUREMENT OF RENAL FUNCTION IN CANCER PATIENTS 

Why and when can be important to measure renal function 
in cancer patients? 

What is the best way to measure renal function in cancer patients?

Future perspectives..???????

Take home message



MEASUREMENT OF RENAL FUNCTION IN CANCER PATIENTS 

Why and when can be important to measure renal function 
in cancer patients? 

What is the best way to measure renal function in cancer patients?

Future perspectives..???????

A correct measurement of renal function is MANDATORY at the benign of cancer 
history and during the course of disease and treatment. DRUG PRESCRIPTION!!

Actually probably CKD-EPI formula should be considered the best 
formula to estimate renal function

GFR measurement in real time; single nephron GFR; Tubular 
damage  biomarkers





Thank you for the attention! 

Carlo Alfieri 
Email.: carlo.alfieri1@gmail.com

@carlo_alfieri

Burg Butengerg , Balzers, Liechtenstein June 2020

mailto:carlo.alfieri1@gmail.com
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