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-  LUNG	
  (1.76	
  MILLION	
  DEATHS)	
  
-  COLORECTAL	
  (862,000	
  DEATHS)	
  
-  STOMACH	
  (783,000	
  DEATHS)	
  
-  LIVER	
  (782,000	
  DEATHS)	
  
-  BREAST	
  (627,000	
  DEATHS)	
  

•  Cancer	
  is	
  common	
  and	
  a	
  leading	
  cause	
  of	
  death	
  
worldwide	
  

•  Es6mated	
  9.6	
  million	
  deaths	
  in	
  2018	
  
•  The	
  most	
  common	
  causes	
  of	
  cancer	
  death	
  are	
  the	
  
following:	
  

Cancer	
  
A	
  Common	
  Global	
  Problem	
  



The	
  Kidney-­‐Cancer	
  ConnecQon	
  
Onco-­‐Nephrology	
  

Electrolyte-Acid/Base 
Disorders 

CKD AKI 

CANCER 

CKD AKI 

Electrolyte-Acid/Base 
Disorders 

CANCER 

Onco-Nephrology  
Anti-Cancer Drugs 

Malignancy-related Kidney Injury 
Radiation/Nephrectomy 

Uremic Milleu (CKD, ESRD) 



Onco-Nephrology 
AKI incidence 

Kitchlu A, et al. J Natl Cancer Inst 2018 

•  Ontario, Canada: 163,071 
patients undergoing cancer 
therapy between 2007-2014 

•  One in 10 developed AKI-D or 
required hospitalization 

•  Annual incidence of AKI 
increased from 18 to 52 per 
1000 person years 

•  Highest AKI incidence with 
myeloma (26%), bladder 
cancer (19%), leukemia (15%), 
and kidney cancer (14%) 

Death 

AKI 

ESRD 

2007-2014 

AKI is common among cancer patients 



•  Single center in France over 4 years  
•  Solid tumors admitted to the ICU (n=204) 
•  KDIGO AKI (59%) and  
    mortality (37%) are common 
•  Sepsis, hypovolemia, and  
    obstruction most common  
    causes of AKI followed by TLS, 
    hypercalcemia, and >1 etiology  
•  Stage 3 AKI (28%) with higher  
    mortality (42%) 

Onco-Nephrology 
AKI in Hospitalized ICU Patients 

Kemlin D, et al. NDT, 2018 

Death 

AKI 
42% 

28% 

OVERALL AKI: 59% 

2011-2015 



Onco-Nephrology 
Increased Mortality with AKI 

•  Survival rates in cancer patients with AKI associated by RIFLE Criteria 
•  Kaplan-Meier survival curves—dose related reduction in survival 

Risk 

Injury 
Failure 

Salahudeen A, et al. CJASN 2013 

No AKI 

êSurvival with Higher AKI Stage 

Overall AKI  
Incidence = 12% 



Onco-Nephrology 
Chronic kidney disease in Cancer 

• CKD (eGFR < 60 ml/min/1.73m2) is highly prevalent in 
cancer patients 

France U.S. Belgium Japan 
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12% 
16.1% 

22% 
25% 

12 to 25% 

Launay-Vacher V, et al. Cancer 2007; Launay-Vacher V, et al. Semin Nephrol 2010; Janus N, et al. Br J Cancer 2010; 
Canter D, et al. Urology. 2011; Nakamura Y, et al. Nihon Jinzo Gakkai Shi. 2011; Königsbrügge O, et al. Thromb Res 2014 

Austria 

16.1% 

4,684 and  
4,945 patients  
(solid tumors) 

1,218 patients  
(solid tumors) 

1,114 patients  
(kidney cancer) 

231 patients  
(solid tumors) 

1,100 patients  
(solid tumors) 



Onco-Nephrology 
Increased Mortality with CKD 

•  CKD in cancer patients is associated with reduced survival 

- France: CKD stage 3 (eGFR < 60ml/min/1.73m2) HR 1.27 for Mortality 

- Australia: CKD stage 3 (eGFR < 60ml/min/1.73m2) HR 1.27 for Mortality 

- Korea: CKD stage 3 (eGFR 30 - 60ml/min/1.73m2) HR 1.12 for Mortality 
  CKD stage 4 (eGFR < 30ml/min/1.73m2) HR 1.75 for Mortality  

- Japan: CKD stage 3 (eGFR < 60ml/min/1.73m2) is an independent risk 
  factor for death at 1 year 

Launay-Vacher V. et al. Semin Nephrol 2010; Nakamura Y. et al. Nihon Jinzo Gakkai Shi. 
2011; Na SY, et al. Am J Nephrol. 2011; Iff S., et al. Am J Kidney Dis 2014 



Kidney	
  Injury	
  and	
  Cancer	
  
Sites	
  of	
  Kidney	
  Injury	
  

Glomerular 
• TMA 
• MIDD/Amyloid 
• Cryo GN 
• PGNMID 
• C3GN 
• FGN/IT 
• Drugs 

Vascular  
• Hemodynamic 
• TMA 
• Drugs 

Distal Tubular 
• Cast nephropathy 
• Crystalline nephropathy  
﹣ Uric Acid 
﹣ Calcium Phosphate 

• Drugs 

Collecting 
System 

• Lymphoma 
• Leukemia 
• Crystals 
• Drugs 

Proximal 
Tubular 

• Light Chains 
• Drugs 

Interstitium 
• Light Chains 
• Drugs (AIN) 
• Lymphoma 
• Leukemia 



Rosner MH and Perazella MA. NEJM 2017 

Onco-Nephrology 
Myeloma and Kidney Disease 



Onco-Nephrology 
Lymphoma/Leukemia and Kidney Disease 

Perazella MA, Rosner MH. Oncology, 2018 



Onco-Nephrology 
Hematopoietic Stem Cell Transplant and Kidney Disease  

Hingorani S. NEJM 2016 

AKI 
• Chemotherapy 
• SOS 
• aTMA 
• aGVHD 
• Nephrotoxins 
• Sepsis 
• Drugs- AIN 

CKD 
• cTMA 
• cGVHD 
• Nephrotoxins 
• Radiation 
• Calcineurin Is 
• Chemotherapy 
• Drugs- CIN 



Onco-Nephrology  
MGUS à MGRS 

• MGUS (plasma cells <10%, serum M protein <1 g/dL) that has kidney 
involvement 

•  AKI, proteinuria, CKD 
•  Various kidney lesions are described 

•  Therapy initiated to reduce paraproteins 
-  Prevent acute kidney injury (or help reverse AKI) and prevent development of future CKD 

Defining MGRS for Hematologists/Oncologists and Nephrologists 

Leung N, et al. Blood 2012;  
Leung N, et al. Nat Rev Nephrol. 2018 



Onco-Nephrology  
MGUS à MGRS 
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Onco-Nephrology  
Renal Cell Carcinoma 

5-year  
Survival 
95% 

5-year  
Survival 
59% 

5-year  
Survival 
88% 

Stage T1 Stage T2 

Stage T3 Stage T4 
<7 cm >7 cm 

Gerota’s 
fascia 

Vena 
cava 

To other 
organs 

Lymph 
nodes 

5-year  
Survival 
20% 

• Epidemiology 
- RCC accounts for ~3% of all 

adult malignancies  
- RCC incidence is highest in 

Europe, N. America and Australia 
- Rates for new RCC have risen by 

0.7% each year over the past 10 
years (driven in part by imaging 
of small masses) 



Onco-Nephrology  
Renal Cell Carcinoma Therapy 

• Old and New drugs 
•  Conventional chemotherapy 
•  Molecular targeted agents (anti-VEGF Abs, TKIs, mTORIs) 
•  Immunotherapies (IL-2, ICP inhibitors) 
•  Adjuvants to surgical and percutaneous techniques 

• Surgical techniques  
•  Spare nephron loss to reduce burden of AKI and CKD 
•  Total vs. partial nephrectomy 

• Percutaneous techniques 
•  Cryotherapy 
•  Radiofrequency ablation 

Perazella MA, Driecer R, Rosner MH. KI, 2018 



Onco-Nephrology 
AKI/CKD in Renal Cell Carcinoma 

Streja E, et al. NDT, 2018 

•  Retrospective cohort study of VA patients with RCC who underwent either PN or RN 
(2004-2013); N = 7073 veterans; Median 39 mo F/U 

eGFR 

(Partial) (Radical) 

Median 39 months  
(21-60 months) 



Streja E, et al. NDT, 2018 

Onco-Nephrology 
AKI/CKD in Renal Cell Carcinoma 

Partial Nx eGFR:  
- 10 ml/min/1.73mm2 

Radical Nx eGFR:  
- 22 ml/min/1.73mm2 

AKI 
Partial Nx eGFR:  
- 7 ml/min/1.73mm2 

Radical Nx eGFR:  
- 21 ml/min/1.73mm2 

CKD 

Median 39 months  
(21-60 months) 



Onco-Nephrology 
CKD in Renal Cancer 

Risk Ratio and 95% CI of Incidence of Stage 3 CKD 
Favors RN Favors PN 

RR: 2.56 (1.97-3.32)         100.0 

Radical Nephrectomy vs. Partial Nephrectomy 

Patel HD, et al. CJASN 2017 



Onco-Nephrology 
ESKD in Renal Cancer 

Ellis RJ, et al. CJASN 2018 



Onco-Nephrology 
ESKD in Renal Cancer 

Ellis RJ, et al. CJASN 2018 

Partial Nephrectomy 

Radical Nephrectomy 

Kaplan-Meier Curves for ESKD 

Partial Nephrectomy associated with reduced ESKD 



Anti-Cancer Drug-induced Kidney Disease 

Immune checkpoint 
inhibitors 

Rosner MH, Perazella MA.  
NEJM 2017 

Vasculature	
  

Glomerulus	
  

Distal	
  	
  
Tubules	
  

Proximal	
  	
  
Tubules	
  

Renal	
  	
  
IntersQQum	
  

CollecQng	
  	
  
Ducts	
  



Onco-Nephrology 
Anti-Cancer Agents  

•  Conventional Agents 
- Cytotoxic drugs (platins), Alkylating agents (ifosfamide) 
- Antitumor antibiotics (mitomycin C) 
- Antimetabolites (methotrexate, pemetrexed, pentostatin, gemcitabine, clofarabine) 

•  Targeted agents 
- Anti-angiogenesis drugs (anti-VEGF Ab, VEGF soluble receptors, TKIs) 
- EGFR inhibitors, BRAF inhibitors, ALK inhibitors 
- Proteosome inhibitors 

•  Immunotherapies 
-  IL-2, interferon  
-  Immune checkpoint inhibitors (anti-CTLA-4, anti-PD-1, anti-PDL1) 
- Chimeric antigen receptor T cells 

Rosner MH, Perazella MA. NEJM 2017 



	
  
	
  

• 	
  Gemcitabine,	
  Mitcomycin	
  C,	
  
	
  	
  CisplaQn–	
  

• 	
  Pamidronate–	
  

• 	
  PlaQns,	
  Ifosfamide,	
  Pemetrexed,	
  	
  
	
  	
  	
  Zoledronate–	
  

	
  	
  

• 	
  Methotrexate–	
  

	
  

ConvenQonal	
  ChemotherapeuQc	
  Agents	
  	
  
Kidney	
  Disease	
  

TMA	
  

Collapsing	
  FSGS	
  

Toxic	
  ATI/ATN	
  

Crystalline	
  ATI	
  



	
  
	
  

• 	
  AnQ-­‐VEGF	
  inhibitors–	
  	
  

• 	
  ALK	
  inhibitors–	
  	
  
	
  

• 	
  BRAF	
  inhibitors—	
  

	
  

• 	
  EGFR	
  anQbodies–	
  	
  

Targeted	
  AnQ-­‐Cancer	
  Agents	
  
Kidney	
  Disease	
  

Hypomagnesemia	
  

TMA,	
  MCD/FSGS	
  

Pseudo-­‐AKI,	
  ATI/ATN,	
  	
  
Renal	
  cysts	
  

AIN/ATN	
  



	
  

• 	
  Interleukin-­‐2–	
  

• 	
  Interferon–	
  	
  

• 	
  Immune	
  Checkpoint	
  	
  
	
  	
  Inhibitors–	
  	
  

• 	
  CAR	
  T-­‐Cells–	
  	
  

Cancer	
  Immunotherapies	
  
Kidney	
  Disease	
  

AIN/IC-­‐GN/MCD	
  
Txp	
  rejecQon	
  

FSGS/TMA	
  

Prerenal	
  AKI/ATI,	
  TLS,	
  	
  
electrolyte	
  disorders 

Prerenal	
  AKI,	
  	
  ATN,	
  
PI-­‐GN	
  



Cancer	
  Immunotherapies	
  
Immune	
  Checkpoint	
  Inhibitors	
  and	
  Kidney	
  Disease	
  

•  ICPIs	
  blunt	
  immune	
  checkpoints	
  to	
  allow	
  T-­‐cells	
  to	
  aWack	
  
various	
  cancers	
  

•  Monoclonal	
  Abs	
  against	
  CTLA-­‐4,	
  PD-­‐1	
  and	
  PD-­‐L1	
  
•  ICPIs	
  are	
  complicated	
  by	
  immune-­‐related	
  adverse	
  events	
  
•  AKI	
  incidence	
  of	
  2-­‐5%	
  due	
  primarily	
  to	
  ATIN,	
  but	
  other	
  
lesions	
  also	
  occur	
  

Hermann S, Perazella MA. KIR, 2020 Perazella MA, Shirali AC. KI 2020 



Cancer	
  Immunotherapies	
  
CAR	
  T-­‐Cell	
  and	
  Kidney	
  Disease	
  

•  Harvest	
  host	
  T	
  cells	
  to	
  create	
  CAR	
  T-­‐cells	
  to	
  target	
  
cancers	
  

•  CD19,	
  CD20,	
  and	
  CD30,	
  etc.	
  are	
  the	
  cancer	
  Ag	
  targets	
  
•  CAR	
  T-­‐cell	
  therapy	
  is	
  complicated	
  by	
  CRS,	
  HLH	
  and	
  TLS	
  
•  AKI	
  is	
  primarily	
  prerenal	
  and	
  ATI,	
  but	
  may	
  also	
  have	
  
inflammatory	
  lesions	
  and	
  uric	
  acid	
  nephropathy	
  

Perazella MA, Shirali AC. JASN 2018 



•  Basic Research in Onco-Nephrology 

•  Clinical Research in Onco-Nephrology 

•  Clinical Care in Onco-Nephrology 

Onco-Nephrology 
What do we need to do? 



•  Basic Research in Onco-Nephrology 
-  Preclinical studies of anti-cancer agents to evaluate 

safety and nephrotoxicity 
•  Employ novel kidney injury biomarkers 

•  FDA and EMA approved 7 biomarkers 
 

Onco-Nephrology 
What do we need to do? 

-  Utilize kidney on a chip technology 



Onco-Nephrology 
Kidney on a Chip Technology 

•  Cell cultures-well established, no or partial 
physiological relevance; high throughput 
and cost efficient  

•  Both Poorly Predictive of Nephrotoxicity 

Static Culture/Animal Models 

Microfluiditic Culture Models 
•  Have Physiological Relevance 

Next Generation Models 
•  Have Physiological Relevance 
•  User friendly 
•  Cost efficient 
•  Highly predictive of nephrotoxicity 
•  Replace animal models 

Ashammakhi N, et al. KI 2018 

•  Laborious, Lack of Validation 

•  Animal models-have physiological 
relevance, but costly with ethical concerns 
and species differences 



Onco-Nephrology 
What do we need to do? 

•  Clinical Research in Onco-Nephrology 
-  Develop better GFR estimates for drug dosing in cancer/

CKD patients 
-  Include CKD patients in Clinical Oncology Trials 
-  Utilize Novel Biomarkers in Clinical Oncology Trials? 
-  Develop POC tests that rapidly provide ‘measured GFR’ 

in cancer patients  



Onco-Nephrology 
POC tests that provide ‘measured GFR’  

McMahon B, Rosner MH. Kidney360 2020 

FAST	
  BioMedical	
  technique	
  to	
  measure	
  both	
  GFR	
  and	
  plasma	
  volume	
  (PV).	
  Two	
  fluorescent	
  markers	
  of	
  different	
  molecular	
  mass	
  are	
  
injected:	
  1)	
  small	
  freely	
  filtered	
  5-­‐kD	
  FITC-­‐labeled	
  carboxymethyl	
  dextran	
  and	
  2)	
  large	
  150-­‐kD	
  rhodamine-­‐labeled	
  carboxymethyl	
  dextran	
  
that	
  is	
  not	
  filtered	
  across	
  the	
  glomerulus.	
  At	
  three	
  6me	
  points,	
  a	
  blood	
  sample	
  is	
  drawn,	
  and	
  fluorescence	
  is	
  detected	
  using	
  a	
  fluorometer.	
  
The	
  raw	
  data	
  are	
  converted	
  using	
  a	
  sodware	
  package	
  to	
  PV	
  from	
  the	
  15-­‐minute	
  sample	
  and	
  to	
  measured	
  GFR	
  from	
  all	
  three	
  samples.	
  



Onco-Nephrology 
POC tests that provide ‘measured GFR’  

McMahon B, Rosner MH. Kidney360 2020 

MediBeacon	
  transdermal	
  GFR	
  measurement	
  system.	
  The	
  pa6ent	
  is	
  administered	
  a	
  fluorescent	
  tracer	
  agent	
  that	
  is	
  removed	
  from	
  the	
  
blood	
  exclusively	
  by	
  GFR,	
  and	
  measured	
  fluorescence	
  decreases	
  over	
  6me	
  as	
  the	
  substance	
  is	
  cleared	
  by	
  the	
  kidney	
  through	
  GFR.	
  A	
  
display	
  monitor	
  used	
  algorithms	
  to	
  calculate	
  GFR.	
  



Onco-Nephrology 
What do we need to do? 

•  Clinical Care in Onco-Nephrology 
-  Establish collaborative Onco-Nephrology Clinics 

-  Enhance education in Onco-Nephrology 

-  Promote collaboration in Onco-Nephrology 



Onco-Nephrology 
Onco-Nephrology Clinic 

Cosmai L, et al. NDT, 2018 



Onco-Nephrology 
ASN Educational Curriculum-2016 

ASN On-Line Onco-Nephrology Core Curriculum 



Onco-Nephrology 
ASN Educational Curriculum-2016 

ASN On-Line Onco-Nephrology Core Curriculum 



Onco-Nephrology 
Educational Textbooks and Journals 

2015 2013 2019 

Brenner-Rector Companion 

2016	
  
2017	
  

2013	
  

2013	
  2010	
   2014	
   2017	
  



Onco-Nephrology 
Educational Symposia and Conferences 

2011-2015 



 
•  National (AIOM, SIN) and International Scientific Society Conferences (EDTA, 

ASN) with onco-nephrology sessions and educational courses 
•  National Oncological and Urological conferences 
•  Epidemiological studies in Italy (surveys and other projects in progress) 
•  Papers published in International Journals; Textbooks on Onco-Nephrology 
•  Urological Guidelines on kidney cancer (AURO 2012) 
•  AIOM Guidelines on kidney cancer (2015-2016-2017-2018) 
•  TMD Project (Italian Multidisciplinary Group on GU cancers) 
•  Collaboration between Nefrological e Oncological International Society 
•  Interdisciplinary Working Group on Onco-Nephrology (AIOM-SIN) dedicated to 

specific projects (i.e., contrast medium use in cancer patients) 

Onco-Nephrology 
Collaboration 

Courtesy of Laura Cosmai 



Courtesy of Laura Cosmai 

Thank You! 
 


