
AKI in Cancer Patients 
Amir A. Nassiri, M.D, D.I.U 

SBUMS 

Tehran  2019 







AKI IN SETTING OF OTHER CO-MORBIDITIES  

Zeng et al, CJASN 2014  





Cumulative incidence (risk) of acute kidney injury (AKI) during 
the first 5 years after a cancer diagnosis 

17.5% 
8.8%  
4.5%  

27% 
14.6%  
7.6%  



Cancers with the highest 1-yr risk of AKI 





AKI is common among cancer patients 

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

ÅOne in 10 developed AKI-D or required hospitalization  

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

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

 



Kitchlu A, et al. J Natl Cancer Inst 2018  

2007-2014  





Kaplan-Meier estimates of patient survival stratified by 
disease response: (B) no complete remission.  





AKI in Hospitalized ICU Patients: 
Solid Tumors  

OVERALL AKI: 59%  

2011-2015 

Death 42% 

Kemlin D, et al. NDT, 2018  







Increased Mortality with AKI  

No AKI  
Risk  
 
Injury  

 

Failure  

Overall AKI Incidence = 12%  

Salahudeen A, et al. CJASN 2013  



 

AKI is probably the most common form of renal disease  

for which a nephrologist would be consulted  

in a hospitalized patient with cancer.  

 



Prognosis of Cancer pts: 
Why AKI has a negative impact ? 

 

AKI-related Mortality 
Inadequate doses of Chemottt: 
1- Underdose: fewer remission 

2-Overdose: more toxicity 

Adaptation of concomitant 
treatments: 

Morhines, Abx, Anti-
fungals, Χ 

Jeopardy of curative options: 
1- inconclusive CT 

Allogenic/Autologus Tx 



AKI + Cancer Epidemiology 

ÅAKI is frequent in pts with cancer (up to 30%) 
 
ÅAKI strongly worsens the prognosis of cancer pts. 

 
ÅPrognosis is related to:   
Å1- severity of AKI 
Å2- number of organ dysfunctions 
Å3- cancer progression 
Å4- age 
Å5- performance status 



AKI Increases the risk of progression to ESRD  

Hsu et al, CJASN 2009  



AKI in 
Cancer 

Pre-renal 
1-decreased RBF (sepsis, 
ascites)  
2-volume depletion (NPO, 
diarrhea, over-Lasix !) 
3-decreased COP 
4- RVT 
5- Hyper-Ca 
6-Non-Chemo drugs (NSAIDs, 
ACE, ARB, CNI) 
7- Capillary leak Sydrm (IL-6)) 

Intrinsic  
1- ATN(nephrotoxins, IV 
contrast, AMGs, CisPlatin, 
Ifofsfamide) 

2-ATIN 

3-LIK 

4-TLS 

5-Cast nephropathy 

6-GVHD 

7-TMA 

8-CNIs Tox 

Obstruction of urinary outflow  
1- Met/primary disease of Abdo/Pelvic 
2-retro-peritoneal fibrosis 
3-Crystals (Acyclovir, MTX, Urate) 
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ÅAKI in Cancer pts is a multifactorial event 



Intrinsic Causes of AKI 

Åunique/more frequent causes in CA pts: 

 

ÅLymphomatous Infiltration of the Kidney 

 

ÅCast Nephropathy 

 

ÅTumor Lysis Syndrome 



Lymphomatous Infiltration of the Kidney (LIK) 

Common but under-Dx complication of hematologic malignancies 



Tumor Lysis Syndrome  



 

 

TLS is a medical emergency  

and a common cause of  

cancer-induced AKI  
 



Risk Factors for TLS 

Åhighly chem-osensitive malignancies such as lymphomas and 
leukemias,  

Ålarge tumor burden,  

Åeffective cytolytic chemotherapeutic agents,  

Åelevated lactate dehydrogenase levels (> 1,500 IU), and  

Åunderlying kidney disease  

 



άŀƴȅ ǘǳƳƻǊέ 



TLS Burden 

ÅThe in-hospital mortality associated with TLS can approach 21%, and 
nearly 70% of patients experience a severe complication such as: 

Åsepsis,  

Ådialysis,  

Åacute respiratory failure,  

Åmechanical ventilation,  

Åcardiac arrest, or  

Åseizures 

 



άǘƘŜ /ŀƛǊƻ-.ƛǎƘƻǇ ŘŜŦƛƴƛǘƛƻƴέ 

ÅWhile there are no universally accepted diagnostic criteria for TLS, the Cairo-Bishop definition of both  
laboratory and (+) clinical criteria are commonly utilized [93].  

ÅLaboratory criteria include the following:  

      1- hyperuricemia (> 8 mg/dL or a 25% increase from base- line),  

      2- hyperkalemia (> 6 mmol/L or 25% increase from baseline), 

      3- hyperphosphatemia (> 4.5 mg/dL or 25% in- crease from baseline) and 

      4- hypocalcemia (< 7 mg/dL or a 25% decrease from baseline).  

ÅLaboratory criteria for TLS require the presence of 2 or more of these abnormalities occurring 3 days before 
or 7 days after therapy.  

ÅClinical criteria include:  

     1- serum creatinine elevation > 1.5 times the upper limit of normal,  

     2- cardiac arrhythmias,  

     3- sudden death, and  

     4-seizures 

 



Laboratory & Clinical TLS 
ά/ŀƛǊƻ ϧ .ƛǎƘƻǇέ 



Clinical TLS 





 

Prophylaxis against TLS  

is recommended for all patients  

with hematological malignancies  

undergoing chemotherapy 
 



 

Prophylaxis is also recommended for  

all high and moderate risk patients  

such as those with large tumor burdens,  

reduced GFR, and  

highly chemosensitive tumors  
 





600 mg IV or 800 
mg PO 

 
-d2 untill +d3 

 
Multiple 

interaction/dose 
adjust/avoidance 

 
No effect on 

άŀƭǊŜŀŘȅέ ǳǊƛŎ ŀŎƛŘ 
 

Xanthine 
precipitation 

0.2 mg/kg for 3-5 days 
Or  

6 mg single dose 
 

Few adverse events 
(met-Hgb) 

 
Cost ? 



ÅFebuxostat is a non-purine analogue xanthine oxidase inhibitor and 
is useful in patients that are intolerant to allopurinol.  

 

ÅTrials demonstrated that febuxostat was superior in lowering uric acid 
levels but there was no difference in clinical outcomes vs. allopurinol  

 

ÅFebuxostat dosing should be 40 mg daily in patients with severe 
kidney function impairment.  
 

 



Randomized trials of Rasburicase  

Wilson and Berns CJASN 2012  



 

The need for hemodialysis to treat TLS  

has likely declined  

since the advent of rasburicase  
 



RRT & TLS 

ÅHemodialysis remains a highly effective therapy that can be used to 
gain control of electrolyte and acid-base issues, especially in the 
presence of oliguric AKI.  

ÅContinuous renal replacement therapies can be utilized in the 
treatment of TLS and have the advantage of avoiding άǊŜōƻǳƴŘέ 
metabolic disturbances.  

ÅIf a continuous renal replacement is utilized, higher clearance levels 
(at least 30-40 mL/kg/ hour) should be targeted.  

 



Hypercalcemia- Induced AKI 





ÅHypercalcemia occurs in approximately 20% to 30% of all 
malignancies (especially, multiple myeloma and squamous cell 
carcinomas) and is a common cause of AKI  

ÅIn some scenarios, such as with multiple myeloma, the presence of 
hypercalcemia may potentiate other AKI etiologies  

ÅHypercalcemia promotes direct afferent arteriolar vasoconstriction 
and also leads to volume depletion from excessive renal sodium and 
water loss  

 





ÅHypercalcemia causes sodium wasting at the loop of Henle by 
activating the calcium-sensing receptor,  

Åand also leads to renal water losses by blocking arginine vasopressin 
activity in the distal nephrons  

 
ÅRosner MH, Perazella MA. Acute kidney injury in patients with cancer. N Engl J Med 2017;376:1770-1781.  

 





DENOSUMAB 





Drug-Induced AKI 





Åchemotherapy-associated AKI can be separated into 3 drug classes: 

  

     1) conventional chemotherapy,  

 

     2) targeted therapies, and 

  

     3) novel immunotherapies  

 



	
	

Å 	Gemcitabine,	Mitcomycin	C,	
		Cispla2nς	

Å 	Pamidronateς	

Å 	Pla2ns,	Ifosfamide,	Pemetrexed,		

			Zoledronateς	

		

Å 	Methotrexateς	

	

Conven2onal	Chemotherapeu2c	Agents		
Kidney	Disease	

TMA	

Collapsing	FSGS	

Toxic	ATI/ ATN	

Crystalline	ATI	

KDIGO Collapsing FSGS 
 
 



Target Agents 

 

 

very successful in effectively treating cancer, 

 but unfortunately are also associated with  

AKI, proteinuria, hypertension, and electrolyte disturbances  

 



	
	

Å 	An2-VEGF	inhibitorsς		

Å 	ALK	inhibitorsς		

	

Å 	BRAF	inhibitorsτ	

	

Å 	EGFR	an2bodiesς		

Targeted	An2-Cancer	Agents	
Kidney	Disease	

Hypomagnesemia	

TMA,	MCD/ FSGS	

Pseudo-AKI,	ATI/ ATN,		

Renal	cysts	

AIN/ ATN	

KDIGO  AKI, Renal Cyst 



Å 

Å 

Å 

Å 

Kidney	Disease	

 

KDIGO FSGS / TMA   



VEGF & Proteinuria 



VEGF & Proteinuria 



AKI after HCT 







ÅThe original report by Zager et al., which analyzed 272 patients 
undergoing myeloablative HCT (89% allogeneic and 11% autologous), 
found that 53% of patients developed AKI (defined as doubling of 
serum creatinine), with one-half of these patients requiring dialysis.  

 

ÅThis remarkably high incidence of AKI in myeloablative & allogeneic 
HCT has been confirmed in several more recent studies  

 



 

 

ÅOverall mortality rates in patients with AKI range from 37% to 46% 
and are as high as 88% in patients requiring dialysis 



AKI after HCT 



Hepatic sinusoidal obstruction syndrome (SOS) 



Hepatic sinusoidal obstruction syndrome (SOS) 



Hepatic sinusoidal obstruction syndrome (SOS) 



Hepatic sinusoidal obstruction syndrome (SOS) 

ÅHepatic sinusoidal obstruction syndrome (SOS), previously known as 
veno-occlusive disease, is the constellation of:  

    1- tender hepatomegaly,  

    2- fluid retention,  

    3- weight gain, and  

    4- jaundice  

Åthat occurs after the administration of high-dose conditioning 
regimens, including cyclophosphamide, busulfan, and/or total body 
irradiation  

 



 

ÅAlthough SOS has historically been reported in 5%ς60% of patients, a 
recent review of studies performed between 1979 and 2007 found 

that the overall mean incidence of SOS was 13.7%  

 

 



ÅSOS occurs more commonly after myeloablative allogeneic HCT than 
after autologous HCT ,  

Åand it is essentially nonexistent with nonmyeloablative regimens.  

ÅRisk factors for developing SOS include:  

     1- older age,  

     2- pre-existing liver disease,  

     3- medications (methotrexate, itraconazole, sirolimus, and 
norethisterone), and  

     4- certain conditioning agents (cyclophosphamide and busulfan) 

 



 

 

AKI develops in approximately 50% of patients with SOS  

and is clinically indistinguishable from the hepatorenal 
syndrome  

 



Rx of SOS 

ÅMore than 70% patients with SOS will recover spontaneously with only 
supportive therapy, which consists of maintaining sodium and water 
balance, preserving renal blood flow, and treating symptomatic ascites 
with repeated paracenteses.  

ÅFor patients with severe SOS, there are no highly effective treatments, 
although the best results have been achieved with defibrotide, a single-
stranded oligodeoxyribonucleotide with antithrombotic and profibrinolytic 
properties that has a 46% complete response rate.  

ÅInfusion of heparin and/or ursodeoxycholic acid administered immediately 
before induction therapy may also be moderately successful as preventive 
measures.  

 





TMA 

 

Previously known as  

άōƻƴŜ ƳŀǊǊƻǿ ǘǊŀƴǎǇƭŀƴǘ ƴŜǇƘǊƻǇŀǘƘȅέ or  

άǊŀŘƛŀǘƛƻƴ ƴŜǇƘǊƻǇŀǘƘȅέ 

 



Thrombotic Microangiopathy  

ÅThrombotic microangiopathy (TMA) is a common cause of late-onset 
AKI in patients who have undergone HCT.  

Å  

ÅTMA in cancer patients can be classified as:  

    1- cancer-related TMA,  

    2- cancer drugs-induced TMA (types I and II), and  

    3-HSCT-related TMA  

 

 

 



 

TMA is a potentially severe kidney lesion  

with untoward outcomes  

that can complicate certain malignancies  

and a number of cancer therapies  

 



 

 

ÅCancer-related TMA mainly occurs in patients with    

Åsolid tumors, most commonly in adenocarcinomas. 

 



 

 

ÅThrombocytopenia with micro-angiopathic hemolytic anemia and  
no alternative diagnosis  

is sufficient to establish a presumptive diagnosis of TMA  



ÅThe pathogenesis of TMA after HCT is not well understood, but 
damage to renal endothelial cells likely plays a central role  

ÅThe conditioning regimen, particularly the use of total body 
irradiation, is a primary cause of renal endothelial damage, with post-
HCT factors such as GVHD, infections, and medications (such as the 
calcineurin inhibitors) playing a later modulatory role  

ÅStrategies such as partial shielding of the kidneys, hyperfractionation 
of the radiation dose, and slow radiation administration have been 
proposed to reduce radiation injury.  

Åthese approaches run the risk of decreasing the effectiveness of 
tumor cell eradication.  

 



 Rx of HCT- associated TMA 

ÅThe management of HCT- associated TMA is otherwise largely 
supportive.  

ÅCalcineurin inhibitors are typically discontinued,  

ÅOther oral agents that can be used for the prevention and treatment 
of GVHD include mycophenolate mofetil and corticosteroids. 

ÅSubstitution of calcineurin inhibitors with daclizumab,  

ÅRituximab 



 

 

the incidence of drug-induced TMA is >15%,  

primarily due to the introduction of VEGF agents.  

 

 















 

ÅPatients with multiple myeloma represent an 
important subclass of patients with 

hematological malignancies that are prone to 
develop AKI.  



 

 

ÅAKI is quite common, complicating the course of myeloma  

Åin up to 20% to 50% of cases  

 



Etiologies of AKI in MM 



 


