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The American Society of Nephrology believes 
onconephrology represents an emerging frontier 

in the fight against kidney disease.



Nephrol Dial Transplant. 2016  Apr;31(4):515-9.

A multidisciplinary approach incorporating adequate assessment, use 
of appropriate preventive measures, and early intervention is 
essential to reduce the incidence of life-threatening AKI in cancer 
patients.



Acute kidney injury (AKI) is a serious complication of cancer and/or its 
treatments, being responsible for additional morbidity and mortality.

AKI is the most common form of renal disease diagnosed in cancer 
patients, leading to the following negative consequences:
• Hindering active cancer treatment
• Worsening overall prognosis
• Increasing length of hospitalization 
• Increasing costs.

L’insufficienza renale acuta nel paziente oncologico



• This study from the MD Anderson Cancer Center reported 
that 12% of 3558 hospitalized patients developed AKI, a 
quarter of whom required dialysis. 

• In this series, over half the patients developed AKI more 
than 2 days after hospitalization, being under medical 
care.

Clin J Am Soc Nephrol 2013; 8: 347–54



Frequency of AKI in cancer patients:
MD Anderson analysis
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Timing of AKI in cancer patients:
MD Anderson analysis
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• Figure adapted from Salahudeen et al. Clin JASN 2013; 8: 347–54.

More than half of the AKI cases occurred
>2 days after admission



Mortality in cancer patients with AKI:
MD Anderson analysis
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• In-hospital mortality: 4.6% overall
• Odds ratio with AKI vs no AKI:

• 7.41 (95% CI 5.36–10.24), 
univariate analysis

• 4.47 (95% CI 3.16–6.32), 
multivariate analysis

Salahudeen AK et al. Clin JASN 2013; 8: 347–54.
AKI: acute kidney injury (≥50% increase in serum creatinine)
CI: confidence interval
OR: odds ratio

p<0.001



Mortality risk according to renal function:
MD Anderson analysis
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Length of hospital stay Total hospital costs
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Hospital stay and costs in cancer patients with AKI
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• Median length of stay increased 100% and median hospital 
costs increased 106% in patients with AKI vs those without AKI

Salahudeen AK et al. Clin JASN 2013; 8: 347–54.



Risk of AKI in cancer patients

• AKI: acute kidney injury (≥50% increase in serum creatinine) 
• CM: contrast medium

ICU: intensive care unit 
IV: intravenous 

0 1 2 3 4 5 6

Odds ratio (95% confidence interval)

Multivariate analyses for factors associated 
with AKI in 3,558 patients (MD Anderson)

Antibiotics

Chemotherapy

Diabetes

Hyponatraemia

Transfer to ICU

IV CM

1.52 (1.15–2.02), p=0.004

1.61 (1.26–2.05), p<0.001

1.89 (1.51–2.36), p<0.001

1.97 (1.57–2.47), p<0.001

2.34 (1.66–3.31), p<0.001

4.55 (3.51–5.89), p<0.001

Salahudeen AK et al. Clin JASN 2013; 8: 347–54.



Conclusions: 
o The rate of AKI in patients admitted to a comprehensive cancer center was 

higher than the rate in most non-cancer settings
o It was correlated significantly with diabetes, hyponatremia, intravenous 

contrast, chemotherapy, and antibiotics
o It was associated with poorer clinical outcomes. 
o AKI developed in many patients after admission. 

This points to a window of opportunity for preventive or mitigating 
interventions to optimize the renal status of the cancer patient 
before and after chemotherapy, perhaps by hydration and avoiding 
nephrotoxic agents.

Clin J Am Soc Nephrol 2013; 8: 347–54



Fattori di rischio per AKI

Modificato da Andreucci M et al.
Biomed Res Int 2014; 2014: 741018.

• AKI: acute kidney injury
• CHF: congestive heart failure
• LVEF: left-ventricular ejection fraction

Pre-existing kidney dysfunction

Age >65 years

Diabetes mellitus

Advanced CHF

Reduced LVEF

Renal
transplantation

Multiple myelomaSepsisAnaemia

Reduced effective
intravascular volume

Prolonged hypotension

Severe dehydration

Nephrotoxic drugs

Use of contrast media

Fattori di rischio per AKI

AKI



Certain cancers carry a much higher risk of AKI than others. 
• Kidney cancer 44% (1-year risk)
• Multiple myeloma 33%
• Liver cancer 32%

After diagnosis of renal cell carcinoma, in 2011 many patients still 
underwent radical nephrectomy, and this procedure itself is associated 
with a 33.7% risk of AKI and predicts the future development of CKD at 1 
year (Cho et al. NDT 2011).

Patients with acute lymphoma or leukemia undergoing induction 
chemotherapy are also at an especially high risk of AKI (36%)

L’insufficienza renale acuta nel paziente oncologico: 
Neoplasie con il rischio più elevato di AKI

ASN Onco-Nephrology Curriculum - 2016



The acute renal dysfunction results from various causes,  mainly the 
following:
• Renal infiltration by malignant cells
• Sepsis
• Thrombotic micro-angiopathy (TMA)
• Drug-induced toxicity
• Hypoperfusion – prerenal azotemia

• Poor oral intake owing to chemotherapy-induced anorexia, emesis
and diarrhoea

• Coexistant cirrhosis or heart failure
• Hypercalcemia
• Medication (ACE-i, angiotensin-receptor blockers, NSAIDs, diuretics)

L’insufficienza renale acuta nel paziente oncologico - CAUSE



Classic sites of injury in AKI syndromes

TMA, thrombotic microangiopathy; ATN, acute tubular necrosis. ASN Onco-Nephrology Curriculum - 2016



Renal Lymphoma

Granulomatous AIN

Cast Nephropathy

Nephrocalcinosis
Uric Acid Nephropathy



N Engl J Med 2017;376:1770-81.



Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Diagnostic Approach to Patients Presenting with Acute Kidney Injury and Suspected 
Myeloma.



Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Acute Kidney Injury and Myeloma



Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Urine albumin >2 g/day

Acute Kidney Injury and Myeloma



Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Acute Kidney Injury and Myeloma

Urine albumin < 2 g/day



Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Anticancer Therapies and Their Site of Action in the 
Nephron
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Rosner and Perazella 
N Engl J Med 2017;376:1770-81.

Anticancer Therapies and Their Site of Action in the 
Nephron

BRAF = serine–threonine protein kinase
e.g. vemurafenib and dabrafenib (melanoma)

TKI = Tyrosine kinase inhibitors
e.g. imatinib, dasatinib (chronic myelogenous leukemia, CML)
Gefitinib and erlotinib (aiming at the EGF receptor)



01-2016 AKI in cancer patients

The need and dangers of imaging (CT scans) in 
cancer patients

Cancer patients are vulnerable to kidney damage1,2

• Potentially restricting effective therapy2

Imaging plays a pivotal role at many stages of cancer 
management, but may add to the AKI risk2,3

1. Salahudeen AK et al. Clin J Am Soc Nephrol 2013; 8: 347–54.
2. Cicin I et al. Eur Radiol 2014; 24: 184–90.

3. Royal College of Radiologists. Recommendations for 
Cross-Sectional Imaging in Cancer Management, 2nd edn. 2014.

AKI: acute kidney injury

Diagnosis

CT

Staging

CT

Response 
assessment

CT

Follow up

CT



Effect of chemotherapy and contrast media on AKI

Cicin I et al. Eur Radiol 2014; 24: 184–90.AKI: acute kidney injury (≥25% or ≥0.5 mg/dl increase in SCr within 72 hours); 
CI: confidence interval; CM: contrast medium; OR: odds ratio
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Overlapping mechanisms of chemotherapy- and CM-induced AKI
Chemotherapy CM

Changes in endothelin/
adenosine levels  

Vasoconstriction/reduced renal blood 
flow  

Tissue ischaemia  

Endothelial damage  

Inflammation/production of oxygen 
free radicals  

Direct cytotoxic effects  

AKI: acute kidney injury
CM: contrast medium

1. Cicin I et al. Eur Radiol 2014; 24: 184–90.
2. Sendur M et al. J BUON 2013; 18: 274–80.



GFR levels can be sustained by renal functional reserve, even 
during kidney injury

Figure adapted from Sharma A et al. 
Nephron Clin Pract 2014; 127: 94–100.

With sufficient renal functional 
reserve, up to 50% of nephrons 
can be lost with no clinical 
impact on GFR or SCr levels



With repeated kidney injury, 
renal functional reserve (RFR) is lost

Figure adapted from Sharma A et al. Nephron Clin Pract 2014; 127: 94–100.



Biomarkers may allow early AKI diagnosis and intervention

Figure adapted from Murray PT et al. Kidney Int 
2014; 85: 513–21.

AKI: acute kidney injury
GFR: glomerular filtration rate
SCr: serum creatinine
UO: urinary output



01-2016 AKI in cancer patients

International guidelines on AKI management in cancer patients

1. Kellum JA et al. Kidney Int Suppl 2012; 2: 1–138.
2. Levin A et al. Kidney Int Suppl 2013; 3: 1–150.

AKI: acute kidney injury
CM: contrast medium
GFR: glomerular filtration rate
NSAIDs: non-steroidal anti-inflammatory drugs

General principle:
Patients should not be denied therapy

Adjust dose of 
chemotherapy 

according to 
GFR

Reduce dose if 
GFR <60 ml/min

Avoid if
GFR <30 ml/min

Avoid other 
nephrotoxic 

drugs

e.g. NSAIDs,
high-dose loop 

diuretics, 
aminoglycosides, 

amphotericin B and 
antivirals

Consider CM 
choice

Avoid high-
osmolality CM

Use lowest 
possible dose

Ensure 
adequate 
hydration 

Before, during
and after 

procedure

GFR measurement 48–96 hours after procedure



Prevention of AKI is mandatory in cancer patients to 
• Improve oncological outcomes
• Ameliorate oncological treatment (preventing unnecessary dose reductions or 

interruptions). 
An effective protection from AKI requires the identification of those patients 
most at risk and, whenever feasible, preventive strategies as well as timely and 
adequate therapeutic interventions.
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