
Optimizing Renal Function Pre- and 
Post-Resection of Kidney Cancer: 

Important Concepts and Considerations from a 
Nephrology Standpoint 

 

Jacques Durr, MD 
Professor, and Director,  
Division of Nephrology 
and Hypertension 
	



The goals and objectives of my talk  
are that the participants will:  

•  Acquire the key “nephrology concepts” needed for 
both, the short- and long-term management of 
surgical patients with kidney cancer. 

•  Learn that a normal preoperative serum creatinine 
level is not a good predictor of postoperative CKD. 

•  Identify when to request a nephrology consult (an 
algorithm) for surgical patients with renal cancer. 

•  Recognize the renal side-effects (class effects) of 
the newer drugs used to treat kidney cancer. 	



	

Brief Overview of the Presentation 
1.     During the Early Pre-Resection Phase of Kidney Cancer (pre-op) 

–  Overall W/U (BP, plasma cr, glucose, PO4, HB/cbc, UA, Urine Protein/Cr ratio) 
–  Assessment of Global Renal Function (and split function if needed) 
–  Optimization of Renal Function: 

 Glycemic control for diabetics  
     BP and volume status optimization (“hydration”) 

 Hold Renin Angiotensin System blockers (ACEis/ARBs) 
 Avoid IV contrast dyes, NSAIDs, and other potential “nephrotoxins” 

 
2.  During the Resection Phase of Kidney Cancer (intra-op)   

–  Partial vs Radical Nephrectomy. Goal: whenever possible, preserve renal tissue  
–  Minimize intraoperative ischemia/trauma (i.e., clamp time, organ hypothermia, etc.) 
–  Other nephron-protective measures (?) 

3.  In the Early Post- and Later Post-Resection Phase of Kidney Cancer (post-op) 
–  Continue Optimization of Renal Function, as above (now all patients have CKD). 
–  Do not use creatinine-based drug dosing (e-GFRs) in the immediate post-op period  
–  Start, or Restart ACEis or ARBs at appropriate times. 
–  If Needed Initiate RRT 

 
4.     Brief  Review of Renal Side-Effect of Newer Drugs for Kidney Cancer  

–  Targeted cancer therapies, directed to  
 EGFR, VEGF/R, and TKIs, and immune checkpoint inhibitors (PD1/PDL1, CTLA-4)
  



•  Patients are informed of the possibility of post-operative AKI, or 
AKI/CKD, and the possibility of transient or permanent need for 
dialysis (especially in cases of solitary kidneys).  

•  Aim for Nephron-Sparing Surgery when safely possible, and no 
adverse oncological outcome are anticipated.  

•  Obtain eGFR, UA, and Urinary Protein to Creatinine Ratio. 
•  Correct electrolyte abnormalities. 
•  Optimize volume status, PBs, anemia, glycemic control. 
•  Hold ACEIs/ARBs, NSAIDs, diuretics, and avoid IV contrast 

dyes, and other potential ‘nephrotoxins.’ 
•  The literature shows that ‘protective’ treatments with mannitol, 

CCBs, N-Nacetyl Cysteine, etc., are not effective. 

1.    In the Early Pre-Resection Phase of Kidney Cancer 
	



The Nephrologit’s Tumor: Basic Biology and Management of Renal Cell 
Carcinoma. Hu SL, et al. J Am Soc Nephrol. 2016 Aug;27(8):2227-37. 	

Renal characteristics determine the need 
for nephrology referral in RCC patients. 
Several clinical parameters can be used to 
determine the need for nephrology 
evaluation before nephrectomy.  
 
This flowchart will assure that  patients 
with high risk of post-nephrectomy 
decline in renal function are evaluated by 
a nephrologist before nephrectomy is  
performed.  
 
(Albuminuria is in mg/24 h; eGFR is in 
ml/min per 1.73m2) 

When to get the nephrologist involved 



•  Partial vs Radical Nephrectomy. Goal: preserve renal mass  
    (Nephron Sparing Surgery). 
 
•  Minimize intra-operative ischemia  
    (i.e., clamp time, organ hypothermia, etc.). 

	

Making the Case for Partial Nephrectomy (Nephron Sparing Surgery)		

2.    In the Resection Phase of Kidney Cancer (intra-op) 
	



New-onset CKD or progression of CKD and ESRD may develop after 
nephrectomy because of nephron loss especially in patients with 
underlying risk factors. Nephron loss caused by tissue removal and/or 
ischemic and vascular injuries further promotes progressive CKD.  
(GS, glomerulosclerosis; HTN, hypertension; IF, interstitial fibrosis; VS, vascular 
sclerosis.) 

The Nephrologit’s Tumor: Basic Biology and Management of Renal Cell 
Carcinoma. Hu SL, et al. J Am Soc Nephrol. 2016 Aug;27(8):2227-37. 	

(AKI) 
(AKI/CKD) 

  Early,              Later,            Eventually 
(hs-days)     (months-years)     (years) 

Intra-Operative Period,                    Post-Operative Period 



A Case of AKI Detected in the ‘Post-Op’ Period 
A patient (1.73 m2 body surface area) with stable renal function and a 
baseline serum creatinine of 1 mg% and a measured 24 hour renal 
clearance of creatinine of 100 ml/min, and a split renal function of 
50% R and 50% L by renal scan, had a radical right nephrectomy for 
a 4 cm renal cortical tumor. The next day, later in the day, he develops 
chills, fevers, and leukocytosis. His serum creatinine is now 2 mg%. 
The operative report is being typed and not yet in the chart.  
 
Pharmacology is consulted for the dosing of his antibiotic treatment.   
 
His new creatinine clearance is now: 

      (explain why) 
 A   = 50 ml/min 
 B   > 50 ml/min 
 C   < 50 ml/min 

3.    In the Early Post-Resection Phase of Kidney Cancer	



Sequence of Events After a Sudden Loss of 
Renal Function (assume no compensation) 

			If GFR suddenly decreases from, say 100, to 25 ml/min  
         (i.e., a 75% loss of function) 

 
 
 
 
 

100 ml/min 
 
 
 25 ml/min 25 ml/min 

1.0 mg/dl 

4.0 
3.0 
2.0 
1.0 

Time 

GFR 

Pcr 

↓GFR → excretion < production → ↑Pcr → excretion = production 

Days 
←post-op→	



The Gault-Crockcroft Equation, and similar 
equations, including the MDRD equations 
and others (eGFRs), based on the serum or 
plasma creatinine concentration, imply a 
steady-state serum/plasma creatinine level. 
	
They should not be used in ARF! 
	
	



The plasma creatinine concentration as a function of GFR 

A more accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Levey AS, et al. Ann Intern Med. 1999 Mar 16;130(6):461-70.	



A more accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Levey AS, et al. Ann Intern Med. 1999 Mar 16;130(6):461-70.	

The plasma creatinine concentration as a function of GFR 



Plasma Creatinine vs GFR. 
 

Many ad hoc equations have been derived to 
estimate the Glomerular Filtration Rate (eGFR). 

eGFR = 186·[(Creat/88.4)-1.154]·(Age)-0.203  
  
multiply by (0.742 if female)·(1.210 if black) 
 
The above formula is the abbreviated MDRD 
equation (GFR is expressed in ml/min/1.73m2). 



A More Accurate Method To Estimate Glomerular 
Filtration Rate from Serum Creatinine: A New 
Prediction Equation  
 
Andrew S. Levey, MD; Juan P. Bosch, MD; Julia Breyer Lewis, 
MD; Tom Greene, PhD; Nancy Rogers, MS; David Roth, MD, for 
the Modification of Diet in Renal Disease Study Group*  
 
Annals of Internal Medicine 
16 March 1999 | Volume 130 Issue 6 | Pages 461-470 
	

The type of equation seen on the previous slide 
was derived by stepwise linear regression of the 
patients’ plasma creatinine, age, gender, race, 
etc., with their actual measured GFR obtained by 
the clearance of iothalamate.	



A More Accurate Method To Estimate Glomerular 
Filtration Rate from Serum Creatinine: A New 
Prediction Equation  
 
Andrew S. Levey, MD; Juan P. Bosch, MD; Julia Breyer Lewis, 
MD; Tom Greene, PhD; Nancy Rogers, MS; David Roth, MD, for 
the Modification of Diet in Renal Disease Study Group*  
 
Annals of Internal Medicine 
16 March 1999 | Volume 130 Issue 6 | Pages 461-470 
	

The type of equation seen on the previous slide 
was derived by stepwise linear regression of the 
patients’ plasma creatinine, age, gender, race, 
etc., with their actual measured GFR obtained by 
the clearance of iothalamate.		
	
The red lines on the left show that a eGFR of 
40, may as well be 20, or 60 ml/min/1.73m2. 



A more accurate method to estimate glomerular filtration rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Levey AS, et al. Ann Intern Med. 1999 Mar 16;130(6):461-70.	

The plasma creatinine concentration as a function of GFR 



FREQUENTLY ASKED QUESTIONS ABOUT GFR ESTIMATES, National Kidney 
Foundation (NKF),  (see: 
https://www.kidney.org/content/frequently-asked-questions-about-gfr-estimates) 



A patient with a stable baseline serum creatinine (1 mg%), had a 
radical R nephrectomy for a 7 cm renal cortical tumor one year ago. 
His serum creatinine is now 1.9 mg%. The operative report is concise 
and both the gross, and microscopic pathology reports are available.   
Given the high serum creatinine concentration, what information  
are you now specifically looking for in this or these reports? 
 
A)  Whether the tumor had extended into the renal capsule or renal veins. 
B)  The pathologist’s description of the non-tumor renal tissue. 
C)  The pathologist’s description of the histology of the tumor. 
D)  The renal ‘ischemia time’ and other ‘trauma’ during the surgery. 

Question 



Chronic kidney disease after nephrectomy in patients with renal cortical tumors:  
a retrospective cohort study. Huang WC, Levey AS, Serio AM, et al. Lancet Oncol.  
2006 Sep;7(9):735-40. 

Effects of RN vs PN on eGFR 



Chronic kidney disease after nephrectomy in patients with renal cortical tumors:  
a retrospective cohort study. Huang WC, Levey AS, Serio AM, et al. Lancet Oncol.  
2006 Sep;7(9):735-40. 

Probability of Freedom from New Onset of GFR < 60 mL/min per 1·72 m2, by 
Operation Type 



Chronic kidney disease after nephrectomy in patients with renal cortical tumors:  
a retrospective cohort study. Huang WC, Levey AS, Serio AM, et al. Lancet Oncol.  
2006 Sep;7(9):735-40. 

Probability of Freedom from New Onset of GFR < 60 mL/min per 1·72 m2, by 
Operation Type 



Probability of Freedom from New Onset of GFR < 45 mL/min per 1·72 m2, by 
Operation Type 

Chronic kidney disease after nephrectomy in patients with renal cortical tumors:  
a retrospective cohort study. Huang WC, Levey AS, Serio AM, et al. Lancet Oncol.  
2006 Sep;7(9):735-40. 



Probability of Freedom from New Onset of GFR < 45 mL/min per 1·72 m2, by 
Operation Type 

Chronic kidney disease after nephrectomy in patients with renal cortical tumors:  
a retrospective cohort study. Huang WC, Levey AS, Serio AM, et al. Lancet Oncol.  
2006 Sep;7(9):735-40. 



SUMMARY 
 
Up to that study, the practice of radical nephrectomy (RN) for small renal 
cortical tumors may have been due to the misconception that CKD after RN is 
not a major concern in patients with two functioning kidneys and a ‘normal’ 
preoperative serum creatinine concentration. However, unlike Kidney Donors, 
26% of these patients have already baseline eGFRs < 60 ml/min/1.73 m2. 
 
Moreover, that study showed that unlike Kidney Donors, Patients with small 
renal cortical tumors are at a higher risk of developing CKD after RN than after 
partial nephrectomy (PN).  
 
Up to then, most urological studies have used serum creatinine concentration 
instead of eGFR to judge kidney function. This may explain why the impaired 
baseline renal function had hitherto largely gone unnoticed in these patients.	
 
Up to then, RN was the gold standard treatment for small renal cortical 
tumors. 
 
Note however that our consideration on eGFR does not imply that an actual 
pre-operative creatinine clearance should be performed on all patients. 	



Small tumor size is associated with new-onset chronic kidney disease after radical nephrectomy in patients 
with renal cell carcinoma. H.G. Jeon et al. European Journal of Cancer 50 (2014) 64–69. 

Small tumor size is associated with new-onset chronic kidney disease  
after radical nephrectomy in patients with renal cell carcinoma.	



Small tumor size is associated with new-onset chronic kidney disease after radical nephrectomy in patients 
with renal cell carcinoma. H.G. Jeon et al. European Journal of Cancer 50 (2014) 64–69. 

Small tumor size is associated with new-onset chronic kidney disease  
after radical nephrectomy in patients with renal cell carcinoma.	



Small tumor size is associated with new-onset chronic kidney disease after radical nephrectomy in patients 
with renal cell carcinoma. H.G. Jeon et al. European Journal of Cancer 50 (2014) 64–69. 

Small tumor size is associated with new-onset chronic kidney disease  
after radical nephrectomy in patients with renal cell carcinoma.	



Factors Associated with Recovery of Renal Function following Radical Nephrectomy for  
Kidney Neoplasms. Zabor EC et al. Clin J Am Soc Nephrol. 2016 Jan 7;11(1):101-7.  

Patients with eGFR ≥ 60 
ml/min per 1.73 m2 pre-
operatively had a decline 
in eGFR after surgery 
until around 8 months, 
whereas patients with 
eGFR < 60 ml/min per 
1.73 m2 preoperatively 
had a general increasing 
trend in eGFR over time 
after surgery. Purple	lines	
indicate	pa2ents	with	preopera2ve	
eGFR,60	ml/min	per	1.73m2,	and	blue	
lines	indicate	pa2ents	with	pre-
opera2ve	eGFR$60	ml/min	per	1.73m2.	
Locally	weighted	
scaIerplot	smooths	by	preopera2ve	
eGFR	are	shown	with	bold	solid	lines;	
95%	confidence	intervals	are	shown	
with	bold	dashed	lines 

Factors Associated with  Recovery of Renal Function following Radical Nephrectomy 
for Kidney Neoplasms	



Cumulative incidence of 
eGFR recovery was 
significantly greater 
among those with preo-
perative eGFR < 60 ml/
min per 1.73 m2 

as compared to those with 
eGFR ≥ 60 ml/min per 
1.73m2. Cumulative 
incidence of eGFR 
recovery by preoperative 
eGFR. Black lines 
indicate eGFR recovery 
and gray lines indicate 
death. 

Factors Associated with  Recovery of Renal Function following Radical Nephrectomy 
for Kidney Neoplasms	

Factors Associated with Recovery of Renal Function following Radical Nephrectomy for  
Kidney Neoplasms. Zabor EC et al. Clin J Am Soc Nephrol. 2016 Jan 7;11(1):101-7.  



“Our findings suggest that reduced eGFR at baseline should not be  
seen as a contraindication for radical procedures, especially among  
younger patients and female patients, because >50% of these patients  
recovered to baseline eGFR by 1 year after surgery.” 

Factors Associated with Recovery of Renal Function following Radical Nephrectomy for  
Kidney Neoplasms. Zabor EC et al. Clin J Am Soc Nephrol. 2016 Jan 7;11(1):101-7.  



Compensatory Structural and Functional Adaptation after Radical Nephrectomy for  
Renal Cell Carcinoma According to Preoperative Stage of Chronic Kidney Disease. 
Choi DK et al. J Urol. 2015 Oct;194(4):910-5.  

A   - preoperative GFR and postoperative reduction in GFR according to CKD stage.  
B   - preoperative FRV (functional renal volume) of remnant kidney and degree of 
hyper- ... .   trophy according to CKD stage 



C	

Compensatory Structural and Functional Adaptation after Radical Nephrectomy for  
Renal Cell Carcinoma According to Preoperative Stage of Chronic Kidney Disease. 
Choi DK et al. J Urol. 2015 Oct;194(4):910-5.  

C  - changes in preoperative and 1-year postoperative GFR/FRV, according to CKD stage. 



Compensatory Structural and Functional Adaptation after Radical Nephrectomy for  
Renal Cell Carcinoma According to Preoperative Stage of Chronic Kidney Disease. 
Choi DK et al. J Urol. 2015 Oct;194(4):910-5.  



4.  Renal Side-Effect of Newer Drugs for Kidney Cancer  
	

Home blood-pressure monitoring in patients receiving sunitinib after unilateral nephrectomy for RCCA : 
14 consecutive patients with metastatic  RCCA who were being treated with sunitinib and in whom home monitoring 
of blood pressure by teletransmission revealed a rapid, marked increase in blood pressure, an effect that was not 
detected by casual office measurement of blood pressure.  

Azizi M, et al. Home 
blood-pressure 
monitoring in 
patients receiving 
sunitinib.  
N Engl J Med. 2008 
Jan 3;358(1):95-7	



Mutation in the von Hippel–Lindau gene (VHL) induces loss (red : HIF-2a is no longer 
inhibited) of the regulatory tumour suppressor p-VHL and catalyses the “von Hippel- 
Lindau-hypoxia-inducible factor” VHL-HIF pathway. Increased expression of trans-
cription factor HIF-2 causes (blue arrows) higher levels of growth factors (GFs) VEGF, 
PDGF- and TGF-α. Sorafenib and sunitinib block their receptors (in red TKI effects), 
and the intracellular Ras/Raf/MEK/ERK cascade (sorafenib) thereby inhibiting tumori-
genesis and metastasis. Inhibition of GFs leads to a decrease in NO-production and 
reduced endothelial permeability, resulting in increased vasoconstriction, total 
peripheral resistance (TPR), and hypertension (red arrow). 

Randrup Hansen C  et al. Effects and Side Effects of Using Sorafenib and Sunitinib in the Treatment 
of Metastatic Renal Cell Carcinoma. Int J Mol Sci. 2017 Feb 21;18(2). 	

↓	NO			↑	Vasoconstric0on		↑PVR		↑	Hypertension					

hIps://www.ncbi.nlm.nih.gov/pmc/ar2cles/PMC5343994/		



Therapeu0c	Biologic	Pathways	for	Targeted	Therapies	in	Renal	Cell	Carcinoma.	4E-BP1,	4E	binding	protein-1;	AKT,	protein	
kinase	B;	FKBP,	forkhead	binding	protein;	eIF-4E,	eukaryo2c	ini2a2on	factor-4	subunit	E;	FGF,	fibroblast	growth	factor;	HIF,	hypoxia-
inducible	factor;	IL-8,	interleukin-8;	mLST8,	mammalian	lethal	with	SEC13	protein	8;	mTORC1,	mammalian	target	of	rapamycin	complex	
1;	P70S6K,	P70S6	kinase;	PDGFR,	platelet-derived	growth	factor	receptor;	P,	phosphorous;	PI3K,	phosphoinosi2de	3-kinase;	Pro,	proline;	
PTEN,	phosphatase	and	tensin	homolog;	Ub,	ubiqui2n;	VEGFR,	vascular	endothelial	growth	factor	receptor;	VHL,	von	Hippel-Lindau.	
Source:	This	figure	has	been	reproduced	with	permission	from	David	Schumick,	Cleveland	Clinic	Founda2on	
	
See:	Barata	PC,	Rini	BI		Treatment	of	renal	cell	carcinoma:	Current	status	and	future	direc0ons.	CA	Cancer	J	Clin.	2017	Sep	29.		
	
	
	



Izzedine H, et al. Angiogenesis inhibitor therapies: focus on kidney toxicity  
and hypertension. Am J Kidney Dis. 2007 Aug;50(2):203-18. 



Launay-Vacher V, Deray G. Hypertension and proteinuria: a class-effect of antiangiogenic  
therapies. Anticancer Drugs. 2009 Jan;20(1):81-2 
	

Hypertension and Proteinuria are Class Side-Effects  
of Anti-angiogenesis Drugs  



Kenar D. Jhaveri 
Adverse Renal Effects of 
Novel Molecular 
Oncologic Targeted 
Therapies: A Narrative 
Review.   
Kidney International 
Reports Volume 2, Issue 1, 
January 2017, Pages 
108-123 (Open Access)	



Kenar D. Jhaveri. Adverse Renal Effects of Novel Molecular Oncologic Targeted  
Therapies: A Narrative Review.   Kidney International Reports Volume 2, Issue 1,  
January 2017, Pages 108-123 (Open Access)	
	



Immune	Checkpoint	Inhibitors	

hIps://www.cancer.gov/publica2ons/dic2onaries/cancer-terms?cdrid=772606		



Immune	Checkpoint	Inhibitors	

hIps://www.cancer.gov/publica2ons/dic2onaries/cancer-terms?cdrid=772606		
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