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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 

• 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%)  

 



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, … 

Jeopardy of curative options: 
1- inconclusive CT 

Allogenic/Autologus Tx 



AKI + Cancer Epidemiology 

• AKI is frequent in pts with cancer (up to 30%) 
 

• AKI strongly worsens the prognosis of cancer pts. 
 

• Prognosis is related to:   
• 1- severity of AKI 
• 2- number of organ dysfunctions 
• 3- cancer progression 
• 4- age 
• 5- 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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•AKI in Cancer pts is a multifactorial event 



Intrinsic Causes of AKI 

• unique/more frequent causes in CA pts: 

 

• Lymphomatous Infiltration of the Kidney 

 

• Cast Nephropathy 

 

• Tumor 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 

• highly chem-osensitive malignancies such as lymphomas and 
leukemias,  

• large tumor burden,  

• effective cytolytic chemotherapeutic agents,  

• elevated lactate dehydrogenase levels (> 1,500 IU), and  

• underlying kidney disease  

 



“any tumor” 



TLS Burden 

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

• sepsis,  

• dialysis,  

• acute respiratory failure,  

• mechanical ventilation,  

• cardiac arrest, or  

• seizures 

 



“the Cairo-Bishop definition” 

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

• Laboratory 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).  

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

• Clinical 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 
“Cairo & Bishop” 



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 

“already” uric acid 
 

Xanthine 
precipitation 

0.2 mg/kg for 3-5 days 
Or  

6 mg single dose 
 

Few adverse events 
(met-Hgb) 

 
Cost ? 



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

 

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

 

• Febuxostat 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 

• Hemodialysis 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.  

• Continuous renal replacement therapies can be utilized in the 
treatment of TLS and have the advantage of avoiding “rebound” 
metabolic disturbances.  

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

 



Hypercalcemia- Induced AKI 





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

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

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

 





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

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

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

 





DENOSUMAB 





Drug-Induced AKI 





• chemotherapy-associated AKI can be separated into 3 drug classes: 

  

     1) conventional chemotherapy,  

 

     2) targeted therapies, and 

  

     3) novel immunotherapies  

 



	
	

• 	Gemcitabine,	Mitcomycin	C,	
		Cispla2n–	

• 	Pamidronate–	

• 	Pla2ns,	Ifosfamide,	Pemetrexed,		

			Zoledronate–	

		

• 	Methotrexate–	

	

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  

 



	
	

• 	An2-VEGF	inhibitors–		

• 	ALK	inhibitors–		

	

• 	BRAF	inhibitors—	

	

• 	EGFR	an2bodies–		

Targeted	An2-Cancer	Agents	
Kidney	Disease	

Hypomagnesemia	

TMA,	MCD/FSGS	

Pseudo-AKI,	ATI/ATN,		

Renal	cysts	

AIN/ATN	

KDIGO  AKI, Renal Cyst 



• 

• 

• 

• 

Kidney	Disease	

 

KDIGO FSGS / TMA   



VEGF & Proteinuria 



VEGF & Proteinuria 



AKI after HCT 







• The 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.  

 

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

 



 

 

• Overall 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) 

• Hepatic 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  

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

 



 

• Although SOS has historically been reported in 5%–60% of patients, a 
recent review of studies performed between 1979 and 2007 found 

that the overall mean incidence of SOS was 13.7%  

 

 



• SOS occurs more commonly after myeloablative allogeneic HCT than 
after autologous HCT ,  

• and it is essentially nonexistent with nonmyeloablative regimens.  

• Risk 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 

• More 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.  

• For 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.  

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

 





TMA 

 

Previously known as  

“bone marrow transplant nephropathy” or  

“radiation nephropathy” 

 



Thrombotic Microangiopathy  

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

•   

• TMA 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  

 



 

 

• Cancer-related TMA mainly occurs in patients with    

• solid tumors, most commonly in adenocarcinomas. 

 



 

 

• Thrombocytopenia with micro-angiopathic hemolytic anemia and  
no alternative diagnosis  

is sufficient to establish a presumptive diagnosis of TMA  



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

• The 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  

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

• these approaches run the risk of decreasing the effectiveness of 
tumor cell eradication.  

 



 Rx of HCT- associated TMA 

• The management of HCT- associated TMA is otherwise largely 
supportive.  

• Calcineurin inhibitors are typically discontinued,  

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

• Substitution of calcineurin inhibitors with daclizumab,  

• Rituximab 



 

 

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

primarily due to the introduction of VEGF agents.  

 

 















 

•Patients with multiple myeloma represent an 
important subclass of patients with 

hematological malignancies that are prone to 
develop AKI.  



 

 

• AKI is quite common, complicating the course of myeloma  

• in up to 20% to 50% of cases  

 



Etiologies of AKI in MM 



 





Indications for Plasma-pheresis 
 

Disease (ASFA* Category) 

TTP/HUS (I) 
Thrombotic Thrombocytopenic Purpura – Hemolytic Uremic Syndrome. Thrombocytopenia, hemolytic anemia, 
neurologic symptoms. Substitution of FFP is therapeutic desired. 

Goodpasture Syndrome (I) 
Rapid progressive glomerulonephritis and lungs bleeding. Prognostic important early indication to plasmapheresis in 
combination with Immunsuppressive therapy. 

Guillain-Barré-Syndrome (I) 
Acute inflammatory attack of myelin sheat in peripheral nerves and spinal ganglions through IgG-Antibodies and 
immuno-complexes. Ascending paralysis of extremities and trunk up to respiratory paralysis. 

Myasthenia Gravis (I) 
IgG-Autoantibodies against Acetylcholin rezeptors of skeletal muscles. Neuro-muscular symptoms. Myasthenic crises 
with respiratory paralysis. 

Hyperviscosity Syndrome (I) 
High blood viscosity e.g. in M. Waldenström, Myeloma, Cryoglobulinemia. Neurologic and hematologic disturbances, 
organ damage. 

Cryoglobulinemia (I) 
Immunglobulin complexis which precipitate in coldness. Skin bleeding closed to fingers and toes, articulation pain, 
glomerulonephritis. 

Renal Transplantation (I) 
In acute antibody-mediated rejection to remove anti-HLA antibodies. Also in desensitization for AB0-incompatible and 
hypersensitized patients before transplantation. 

SLE (II) 
Systemic Lupus Erythematodes. Autoimmuno desease of skin and vessels with deposition of immuno-complexes 
composed by DNA and DNA-Antibodies. 

Multiple Myeloma (II) 
Plasmacytoma. Plasma cell carcinoma which produce abnormal antibodies in bone marrow. The pathologic antibodies 
cause casts in Kidney. Changes in marrow cause bone damage and hypercalcemia. 

Multiple Sclerosis (II) 
Type of inflammation of CNS (inflammatory demyeliting disease) in which myelin sheath of brain and spine are 
damaged. Course of the disease can differ very much with wide range of neurologic symptoms.  

Poisoning, Overdose (II) Mushrooms, snakebite, cisplatin, digoxin 

*ASFA = American Society for Apheresis 







No difference on M&M’s 





Rebound of FLC 



Sieving Coefficient 
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• Effective chemo-therapy regimens include proteasome inhibitors 
such as bortezomib along with other agents such as thalidomide, 
corticosteroids, vincristine, and adriamycin in various combinations  

 

• Bortezomib has the added benefit of acting quickly to improve 
glomerular filtration rate (GFR) with a median time of response at 
1.34 months  

 

 



Should Dialysis be offered to 
cancer pts with severe AKI ? 





• AKI + Cancer = mortality & morbidity +++ 

 

 

• AKI + Cancer requiring RRT >>> not uncommon in ICU 

 

 

• AKI + Cancer + RRT = very high mortality  (up to 85% in HCT) 
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Abstract Objectives: Cancer pa-
tients are at high risk for acute kidney
injury (AKI), which is associated with
high mortality when renal replace-
ment therapy is required. Because
physicians might be reluctant to offer
dialysis to patients with malignancies,
we sought to appraise outcomes in
critically ill cancer patients (mainly
with hematological malignancies)
who received renal replacement
therapy for AKI complicating cancer
management. Design: Cohort study
including consecutive patients who
received renal replacement therapy
for AKI complicating cancer man-
agement, over a 42-month period.
Their mortality was compared with
that of non-cancer patients who re-
ceived renal replacement therapy in
the same center over the same study
period (control group). Setting:
A 12-bed medical intensive care unit
in a university hospital. Results: 94
critically-ill cancer patients met the
inclusion criteria. Median SAPS II
was 53 (IQR 40–75) and median
Logistic Organ Dysfunction score

was 7 (IQR 5–10). The etiology of
AKI was multiple in most patients
(248 identified factors in 93 patients).
Hospital mortality was 51.1%. Two
variables were independently asso-
ciated with hospital mortality: the
severity of associated organ failures
at ICU admission (OR, 1.33; 95% CI,
1.11–1.59; per point) and renal func-
tion deterioration after ICU admission
(OR, 5.42; 95% CI, 1.62–18.11).
Characteristics of the malignancy
were not associated with hospital
mortality. The presence of cancer had
no detectable influence on hospital
mortality after adjustment for gender,
age, acute severity as assessed by the
SAPS II score, and chronic health
status [OR 1.2, 95% CI 0.63–2.27;
p = 0.57]. Conclusion: ICU admis-
sion should be considered in selected
critically ill cancer patients with AKI
requiring renal replacement therapy.

Keywords Acute renal failure ·
Malignancy · ICU · Intermittent
hemodialysis · Hemofiltration

Introduction

Acute kidney injury (AKI) complicating cancer is asso-
ciated with substantial morbidity and mortality. Among
critically ill cancer patients, 12–49% experience AKI and
9–32% require renal replacement therapy (RRT) during
their stay in the intensive care unit (ICU) [1, 2, 3, 4, 5].
Moreover, AKI requiring RRT is more common in ICU
patients with than without cancer [2, 6, 7]. Hospital mor-

tality rates are high in cancer patients with AKI, especially
when RRT is required [1, 2, 8, 9, 10, 11, 12]; however,
most of the studies of AKI in cancer patients focused on
bone marrow transplant recipients [9, 10, 13, 14], in whom
mortality was as high as 85% when RRT was needed [9],
casting doubt on the wisdom of admitting these patients to
the ICU [15].

This grim prognosis seems largely ascribable to the
strong association between AKI and severe sinusoidal
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non-parametric Wilcoxon test or the Mann-Whitney test.
We performed logistic regression analyses to identify vari-
ables that significantly influenced hospital mortality, as
measured by the estimated odds ratio (OR) with the 95%
confidence interval (95% CI). Variables yielding p-values
lower than 0.20 in the bivariate analyses were entered
into a forward stepwise logistic regression model where
hospital mortality was the outcome variable of interest.
The covariates were entered into the model with critical
entry and removal p-values of 0.05 and 0.1, respectively.
Lastly, since acute tumor lysis syndrome may be suspected
to be associated with outcome, this variable was forced
into the final model. Colinearity and interactions were
tested. The Hosmer–Lemeshow test was used to check
goodness-of-fit of the logistic regression. Considering
the number of events (48), a maximum of five variables
were entered in the model. All tests were two-sided, and
p-values lower than 0.05 were considered statistically
significant. Statistical tests were done using the SAS 6.12
software package (SAS Institute, Cary, N.C.).

Results

During the study period, 94 cancer patients and 91 non-
cancer patients required RRT for AKI. The flow chart is
reported in Fig. 1.

Table 1 reports characteristics of survivors and non-
survivors. The 73 men (77.7%) and 21 women had
a median age of 53.5 years (IQR 41–64 years). Seven
patients were known to have a mild to moderate chronic
renal failure. Three-fourths of patients had acute leukemia

Fig. 1 Flow chart of patients
admitted during the study
period. The 6-month mortality
was calculated on the 78 patients
with cancer and 65 patients
without cancer who were still
available for follow-up. RRT
renal replacement therapy,
CICPs critically-ill cancer
patients, AKI acute kidney
injury. End-stage renal disease
was defined as previously
diagnosed chronic renal failure
with an estimated glomerular
filtration rate < 15 ml/min)

or non-Hodgkin’s lymphoma. Median time since the def-
inite diagnosis of malignancy was 10 days (IQR 1–265).
At ICU admission, the SAPS II was 53 (IQR 40–75)
and the LOD score was 7 (IQR 5–10), indicating an
about 53% risk of hospital death. The main reasons for
ICU admission were sepsis/septic shock in 75 patients
(78.7%), acute respiratory failure (excluding sepsis) in 9
patients (9.6%), and acute renal failure (excluding sepsis)
in 10 patients (10.6%). In addition, patients presented
at admission with acute renal failure in all the patients
but 3, acute respiratory failure in 62 (66%) cases, coma
in 21 (22.3%) cases, shock in 44 (46.8%) cases, and
hepatic failure in 18 (19.1%) cases. Throughout the
ICU stay, 48 (51.1%) patients required vasopressors.
Mechanical ventilation (MV) was needed in 60 (63.8%)
patients. The MV duration was 2 (IQR 0–10) days
overall. Forty-three patients (45.7%) received cancer
chemotherapy in the 3 days preceding ICU admission
or during ICU stay. Twenty-eight patients (29.8%) were
treated with intermittent hemodialysis (IHD) only, 28
(29.8%) with continuous venovenous hemodiafiltration
(CVVHDF), and 38 (40.4%) with CVVHDF followed
by IHD. Median durations of renal replacement therapy
were 4 days (IQR 3–9 days) for patients requiring IHD,
4 days (IQR 2–5 days) for patients requiring CVVHDF,
and 10 days (IQR 8–16 days) for patients requiring both
HDI and CVVHDF. Moreover, 68 patients (72.3%)
required RRT initiation during the first 24 h, 13 (13.8%)
during the second ICU day, and the 13 remaining pa-
tients between day 4 and day 9. Dialysis was performed
in every of the described patients, using a femoral
catheter.



 

In selected cancer populations,  
full ICU management (RRT)  
leads to meaningful survival 



Take Home Messages 

• AKI + Cancer = frequent complications 

• AKI + Cancer = increased M&M’s 

• AKI + Cancer = increased LOS 

• AKI + Cancer = interruptions in cancer ttt / complicates the 
management of cancer pts. 

• AKI in Cancer >>> usual causes & specific causes (mostly 
multifactorial) 

• Prognosis >>> related to number of organs dysfunctions 

• Do not deprive RRT to a cancer pt just because he/she has cancer ! 



 

MERCI 


