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Abstract
Introduction and objective: Onconephrology is a new and evolving field that deals with kidney complications in patients 
with cancer as well as the management of cancer in patients with preexisting kidney disease. With increasing numbers of 
patients with cancer with kidney-related complications, the field has garnered increased attention. Thus, an annual Greater 
Toronto Area Onconephrology Interest Group symposium was held in May 2019. The objective of the meeting was to 
demonstrate the junctures between oncology and nephrology by highlighting recent data regarding (1) kidney impairment in 
solid organ malignancies, (2) management and treatment of kidney cancer, (3) kidney impairment in hematologic malignancies, 
(4) malignancy and kidney transplantation, and (5) hyponatremia in patients with cancer.
Methods and sources of information: Through a structured presentation, the group explored key topics discussed at 
a Kidney Disease Improving Global Outcomes (KDIGO) Controversies Conference on Onconephrology. Expert opinions, 
clinical trial findings, and publication summaries were used to illustrate patient and treatment-related considerations in 
onconephrology.
Key findings: Kidney complications in patients with cancer are a central theme in onconephrology. An estimated 12% to 
25% of patients with solid organ malignancies have chronic kidney disease (CKD), although in certain cancers, the prevalence 
of CKD is higher. Kidney impairment is also a common complication of some hematologic malignancies. The incidence 
of renal failure in patients with multiple myeloma is estimated at 18% to 56% and light chain cast nephropathy is seen in 
approximately 30% of these patients. In addition, there appears to be a bidirectional relationship between kidney cancer and 
CKD, with some data sets suggesting the risk increases as kidney function declines. Cancer is also of concern in patients 
with preexisting kidney disease. Kidney transplant recipients have a greater risk of cancer and a higher risk of cancer-related 
mortality. Kidney complications have also been associated with novel cancer therapies, such as immune checkpoint inhibitors 
and chimeric antigen receptor (CAR) T-cell therapy. An estimated 2% to 4% of patients initiating an immune checkpoint 
inhibitor may develop nephrotoxicity, whereas up to 40% of patients on CAR T-cell therapy experience cytokine release 
syndrome (CRS). Tumor lysis syndrome and electrolyte abnormalities, such as hyponatremia, have also been reported with 
CAR T-cell therapy. While the incidence and prevalence of hyponatremia vary depending on the cancer type and serum 
sodium cutoff point, hyponatremia may be seen in up to 46% of patients hospitalized in cancer centers.
Conclusions: Onconephrology is a developing field and the themes arising from this meeting indicate a need for greater 
collaboration between oncologists and nephrologists. Educational symposia and onconephrology fellowship programs may 
allow for improved cancer care for patients with kidney disease.

Abrégé 
Contexte et objectifs: L’onconéphrologie est une discipline nouvelle et évolutive qui traite les complications néphrologiques 
chez les patients atteints d’un cancer et assure également la prise en charge des patients soignés en oncologie et présentant 
une néphropathie préexistante. En mai 2019, le symposium du Greater Toronto Area Onconephrology Interest Group a eu pour 
objectif de démontrer les points de jonction entre l’oncologie et la néphrologie en mettant en évidence les données récentes 
concernant : 1) l’insuffisance rénale en présence de tumeurs malignes touchant les organes solides; 2) la prise en charge et le 
traitement des cancers rénaux; 3) l’insuffisance rénale en présence de tumeurs malignes hématologiques; 4) la malignité et la 
transplantation rénale; et 5) l’hyponatrémie chez les patients atteints d’un cancer.
Sources et méthodologie: Par le biais d’une présentation structurée, le groupe s’est penché sur les thèmes clés discutés 
lors d’une conférence du KDIGO portant sur les controverses entourant l’onconéphrologie. Des avis d’experts, des résultats 
d’essais cliniques et des résumés de publications ont été utilisés pour illustrer les considérations relatives aux patients et aux 
traitements en onconéphrologie.
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Principaux résultats: Les complications rénales chez les patients atteints d’un cancer sont un thème central en 
onconéphrologie. On estime qu’environ 12 à 25 % des patients présentant une tumeur maligne touchant les organes solides 
sont atteints d’insuffisance rénale chronique (IRC), bien que la prévalence soit plus élevée pour certains cancers. L’insuffisance 
rénale s’avère également une complication fréquente de certaines tumeurs malignes hématologiques. L’incidence d’IRC chez 
les patients atteints d’un myélome multiple est estimée entre 18 et 56 %, et une néphropathie à chaînes légères est observée 
chez environ 30 % de ces patients. En outre, on soupçonne l’existence d’une relation bidirectionnelle entre le cancer du rein 
et l’IRC; certains ensembles de données suggérant que le risque de cancer augmenterait avec le déclin de la fonction rénale. 
Le cancer est également préoccupant chez les patients ayant une néphropathie préexistante. Enfin, les receveurs d’une 
greffe rénale présentent un risque accru de cancer et de mortalité liée au cancer. Les complications rénales ont également 
été associées aux nouveaux traitements contre le cancer, comme les inhibiteurs du point de contrôle immunitaire et les 
thérapies par cellules CAR T. Environ 2 à 4 % des patients amorçant un traitement par les inhibiteurs de point de contrôle 
immunitaire pourraient développer une néphrotoxicité, alors que jusqu’à 40 % des patients traités par cellules CAR T 
présentent un syndrome de relargage de cytokines. Le syndrome de lyse tumorale et des anomalies électrolytiques, comme 
l’hyponatrémie, ont également été observés chez les patients traités par cellules CAR T. Bien que l’incidence et la prévalence 
de l’hyponatrémie varient en fonction du type de cancer et du seuil de natrémie, jusqu’à 46 % des patients hospitalisés dans 
les centres de cancérologie présentent cette anomalie.
Conclusion: L’onconéphrologie est une discipline en évolution et les thèmes issus de ce colloque soulignent le besoin 
d’accroître la collaboration entre les oncologues et les néphrologues. Les symposiums à caractère éducatif et les programmes 
de bourses d’études et de recherche en onconéphrologie pourraient améliorer les soins oncologiques prodigués aux patients 
atteints de néphropathies.
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Introduction and Objective

Onconephrology is a relatively new and evolving field that 
deals with kidney complications in patients with cancer as 
well as the management of cancer in patients with preexist-
ing kidney disease. The management of patients with cancer 
with kidney disease or treatment-related kidney injury, pro-
teinuria, or electrolyte abnormalities is becoming increas-
ingly complex to manage because of the wider use of newer 
and potentially nephrotoxic cancer therapies.1 Moreover, the 
development of kidney complications in patients with cancer 
is associated with poor prognosis.2 Therefore, prevention, 
early detection, long-term monitoring, and treatment of kid-
ney complications in patients with cancer are of growing 
concern to oncologists and nephrologists.3

To discuss these challenges and demonstrate the junctures 
between oncology and nephrology, the fourth annual Greater 
Toronto Area Onco-nephrology Interest Group Symposium was 
convened. The group sought to provide educational updates on 

key topics in onconephrology: (1) kidney impairment in solid 
organ malignancies, (2) management and treatment of kidney 
cancer, (3) kidney impairment in hematologic malignancies, (4) 
malignancy and kidney transplantation, and (5) hyponatremia in 
patients with cancer.

Methods and Sources of Information

The fourth annual Greater Toronto Area Onco-nephrology 
Interest Group Symposium was held in May 2019, in 
Montreal, Canada. The meeting was chaired by Dr Paul Tam, 
Dr Bharat Nathoo, and Dr Christopher T. Chan.

Through a structured presentation by Dr Abhijat Kitchlu, 
meeting attendees reviewed the outcomes of discussions held 
at a Kidney Disease Improving Global Outcomes (KDIGO) 
Controversies Conference on Onconephrology in December 
2018, in Milan, Italy. Expert opinions, clinical trial findings, 
and publication summaries shared by Dr Nelson Leung, Dr 
Sheldon Chen, and Dr Sheron Latcha were used to identify 
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key management issues in nephrology relevant to patients 
with various types of malignancies—myeloma cast nephrol-
ogy, hyponatremia, and chimeric antigen receptor (CAR) 
T-cell therapy.

Key Findings

Discussions at the annual Greater Toronto Area Onco-
nephrology Interest Group Symposium focused on the rela-
tionship between kidney impairment and solid and hematologic 
malignancies, as well as adverse events related to the manage-
ment of cancers.

Kidney Impairment and Solid Organ Malignancies

What is the epidemiology of chronic kidney disease in solid organ 
tumors? Based on data from multiple observational studies, 
it is estimated that 12% to 25% of patients with solid organ 
malignancies have chronic kidney disease (CKD), defined as 
an estimated glomerular filtration rate (eGFR) <60 mL/min 
at the time of treatment initiation. The rate is substantially 
higher in patients with genitourinary tract cancers such as 
renal cell carcinoma and bladder carcinoma, presumably due 
to loss of nephron mass, postrenal obstruction, and/or kid-
ney-adverse therapies.2,4-10

To quantify the overall burden of acute kidney injury (AKI) 
among patients undergoing systemic cancer therapy, 163 071 
Ontario patients initiating systemic cancer treatment between 
2007 and 2014 were followed. A cumulative incidence of AKI, 
defined as a hospitalization for AKI or receipt of acute dialy-
sis, of 9.3% was observed. This suggests that nearly 1 in 10 
patients initiating cancer treatment in Ontario may have a 
clinically relevant episode of AKI. This may be related to the 
increased comorbidity and complexity of patients initiating 
cancer treatment and suggests a need for increased multidisci-
plinary collaboration to care for these patients.11

These findings are significant as reduced kidney function 
has been associated with worse cancer outcomes. In the larg-
est study to date of this phenomenon, every 10 mL/min 
decline in kidney function was associated with an 18% 
increase in cancer-related mortality.12

What are the primary nephrotoxicities associated with novel can-
cer immunotherapies? Indications for immune checkpoint 
inhibitors (ICIs) are increasing and include common malig-
nancies. These agents are humanized monoclonal antibodies 
that inhibit down-regulatory receptors on T cells (such as cyto-
toxic T-lymphocyte antigen 4 [CTLA-4] and programmed cell 
death 1 [PD-1] and its ligand [PD-L1]).13 By blocking down-
regulatory pathways ICI therapies allow T cells to remain acti-
vated and thereby enhance the antitumor immune response. 
However, despite benefits with respect to cancer outcomes, 
upregulation of the immune system has been associated with a 
wide spectrum of systemic immune-related adverse events.14,15 
Immune checkpoint inhibitor–associated immune-related 

adverse events have been reported with almost every organ 
system, including the kidneys, and nephrotoxicity has been 
estimated to occur in 2% to 4% of patients. The most fre-
quently reported nephrotoxicity is acute interstitial nephritis 
(AIN), but others, including immune-mediated glomerular 
disease, have also been observed. However, it is currently 
unclear what factors specific to the patient, tumor, and/or ther-
apy indicate which patients may develop nephrotoxicity.14,16,17 
A recent large, multicenter study involving 26 U.S. and Cana-
dian sites assessed 138 patients with ICI-associated kidney 
injury (93% were AIN) and found that patients receiving con-
comitant proton pump inhibitor therapy and those receiving 
combination ICI treatment may be at elevated risk of AKI.17 
Currently, evidence for the management of ICI-associated 
nephrotoxicity remains limited. The American Society of 
Clinical Oncology (ASCO) guidelines for the management of 
immune-related adverse events recommend corticosteroids for 
ICI-related AIN (prednisone in the range of 1 mg/kg/d tapered 
over 4-6 weeks) along with cessation of the ICI.18 In the afore-
mentioned multicenter study, 86% of patients received corti-
costeroids with 40% and 45% achieving complete or partial 
recovery of AKI, respectively.17

The CAR T-cell therapy is another relatively novel cancer 
treatment approved in hematologic malignancies. The CAR 
T-cell therapy is associated with a significant immune 
response and cytokine release syndrome (CRS) has been 
reported in up to 40% of patients, with 25% developing car-
diac dysfunction and vasodilatory shock. These patients may 
develop a prerenal AKI that can lead to acute tubular necro-
sis. Treatment is usually supportive but may also involve 
corticosteroid treatment and tocilizumab. The relationship 
between CAR T-cell therapy and nephrotoxicity is discussed 
in greater detail below.19

Under what circumstances is cancer screening indicated in dialy-
sis patients? When it is indicated, which exams should be done 
and how often? Like milder forms of CKD, there are certain 
cancers for which dialysis patients may be at increased risk. 
Kidney and urinary tract cancers in particular have a higher 
incidence in end-stage kidney disease (ESKD) compared 
with the general population.20 This increased risk must be 
balanced against the reduced overall life expectancy among 
dialysis patients, as well as decreased performance charac-
teristics of screening tests in this population.21-23 While more 
data are needed to confirm the benefits of screening the sub-
set of dialysis patients with a longer life expectancy, cancer 
screening for transplant-eligible patients on dialysis is sug-
gested. The screening recommendations are similar to those 
for the general population but include kidney imaging in 
patients on dialysis for >3 years.24 However, there is, as of 
yet, minimal evidence to support this and screening 
approaches should be individualized to each patient.

Can we overcome underrepresentation of patients with CKD in 
cancer trials? A systematic review of more than 300 trials of 
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anticancer drugs published between 2012 and 2017 found 
that 85% of trials explicitly excluded patients based on kid-
ney function. Most of these trials used a serum creatinine 
threshold to exclude patients and only 5% of trials used a 
preferred measure of kidney function estimation, such as 
eGFR. Most trials excluded patients with mild to moderate 
CKD (eGFR or CrCl <50 to 60 mL/min). Therefore, there is 
an urgent need for trials specifically focused on patients with 
impaired renal function.25

Management and Treatment of Kidney Cancer

Is CKD a risk factor and/or prognostic factor for renal cell carci-
noma? The bidirectional relationship between kidney cancer 
and CKD is proposed to be a result of shared risk factors, 
including diabetic nephropathy, arteriosclerosis, hyperten-
sion, diabetes mellitus, and obesity, among others.26

A retrospective cohort study of 1 190 538 adults who had 
a measurement of kidney function obtained between 2000 
and 2008 and had no prior cancer showed elevated cancer 
risk at CKD stage 3a. This risk increased with declining kid-
ney function and reduced eGFR was associated with an inde-
pendently higher risk of renal and urothelial cancer.27

Which patients are candidates for nephron-sparing surgery?  
While surgical resection remains the preferred treatment 
modality, nephrectomy has been recognized as an independent 
risk factor for kidney injury. In recent years, there has been a 
shift toward nephron-sparing procedures such as partial 
nephrectomy, thermal ablation, and active surveillance. Rates 
of AKI are similar across partial nephrectomy, thermal abla-
tion, and radical nephrectomy.28 However, progression to CKD 
is lower with partial nephrectomy and thermal ablation. Risk 
factors most strongly associated with the development of 
ESKD are older age, male sex, diabetes, and preoperative 
CKD.29,30

As such, European Society for Medical Oncology (ESMO) 
guidelines recommend partial nephrectomy in tumors <7 cm 
and in patients with impaired renal function. Radiofrequency, 
microwave, and cryoablation (with the aim of sparing nephron 
mass) have been included in the guidelines. In larger tumors, 
laparoscopic or open nephrectomy remains the recommended 
procedure.31

Kidney Impairment in Hematologic Malignancies

What renal pathologies are common in patients with multiple 
myeloma? Kidney failure is a common and serious conse-
quence of multiple myeloma. The incidence of renal failure 
in patients with multiple myeloma has been reported to range 
from 18% to 56%. The most common cause of renal failure 
in these patients is light-chain cast nephropathy which is 
seen in approximately 30% of patients.32

Studies have shown that serum-free light-chain levels 
(sFLC) are predictive of the severity of renal impairment—as 

concentrations rise, so does the incidence of advanced or severe 
renal impairment, defined an eGFR <60 mL/min/1.73 m2. 
This is significant as patients with multiple myeloma and 
severe renal impairment have a mortality risk that is ≥2 higher 
than patients with multiple myeloma and normal renal func-
tion. However, a reduction in sFLC by ≥50% in patients with 
multiple myeloma has been shown to improve acute renal 
function.32,33 The speed at which sFLC reduction occurs is also 
important; sFLC reduction at day 21 is a significant predictor 
of renal recovery. One study found that for 80% of the popula-
tion examined to recover, a reduction of 60% in sFLC was 
required by day 21.34

What evidence supports the use of bortezomib for myeloma cast 
nephropathy? Renal impairment in patients with multiple 
myeloma is correlated with a poor prognosis and efforts to 
ascertain sFLC-reducing strategies have been ongoing as the 
first report of plasmapheresis in a patient with multiple 
myeloma was published in 1976.35

The HOVON-65/GMMG-HD4 trial showed that a bort-
ezomib-based regimen before and after autologous stem cell 
transplantation overcomes the negative prognostic impact of 
renal impairment in patients with multiple myeloma. The 
study examined 827 newly diagnosed myeloma patients who 
were randomized to receive 3 cycles of vincristine, adriamy-
cin, dexamethasone (VAD) or bortezomib, adriamycin, dexa-
methasone (PAD) followed by autologous stem cell 
transplantation and maintenance with thalidomide (VAD-
arm) or bortezomib every 2 weeks (PAD-arm). In patients 
with baseline creatinine ≥2 mg/dL, the renal response rate 
was 63% in the VAD-arm and 81% in the PAD-arm (P = 
.31). And while there was a high mortality rate within the 
first year, the overall survival at 3 years was 34% in the 
VAD-arm compared with 74% in the PAD-arm (P < .001).36

Is there a role for high cutoff dialysis in the management of mul-
tiple myeloma cast nephropathy? High cutoff (HCO) dialyzers 
use a large pore size with the intent of clearing higher molec-
ular weight molecules and improving extracorporeal removal 
of sFLC. A small study (N = 19) was conducted to assess the 
effects of chemotherapy combined with HCO dialyzers on 
sFLC concentration and renal recovery in patients with 
myeloma cast nephropathy and dialysis-dependent acute 
renal failure. The study found that patients who received 
uninterrupted chemotherapy and extended HCO dialyzers 
experienced sustained reductions in sFLC concentrations 
and recovered independent renal function.37

Two recent randomized controlled trials, MYRE and 
EuLITE, have sought to compare HCO with conventional high-
flux dialysis in patients with myeloma cast nephropathy.38,39

In both studies, HCO dialysis did not improve dialysis 
independence at 3 months (primary endpoint). The rate of 
hemodialysis independence in the MYRE trial was 41.3% in 
the HCO hemodialysis group vs 33.3% in the conventional 
hemodialysis group (P = .042); at 6 months, the rate was 
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56.5% (n = 26) vs 35.4% (n = 17), respectively (P = .04). 
In the EuLITE trial, outcomes in the HCO hemodialysis and 
conventional hemodialysis groups were comparable at 3 
months—56% (n = 24) of patients in the HCO hemodialysis 
group and 51% (n = 24) of patients in the conventional 
hemodialysis group were independent from dialysis (P = 
.81). Moreover, there was no survival advantage with HCO 
hemodialysis in the MYRE trial and a lower overall survival 
rate with HCO hemodialysis in the EuLITE trial.38,39

Critics were therefore quick to dismiss the potential ben-
efits of HCO dialyzers; however, the authors of this publica-
tion believe that further consideration is required. Analysis 
of the MYRE and EuLITE trials, specifically the trial designs 
and hematologic responses, may explain the lack of effect 
observed with HCO dialyzers.

In the EuLITE trial, patients received HCO hemodialysis 
for 6 hours on day 0 and 8 hours on days 2, 3, 5 to 7, 9, and 
10. After day 12, patients received 8 hours of HCO hemodi-
alysis on alternate days, and from day 21 onward, HCO 
hemodialysis was given for 6 hours 3 times a week. Sixty 
grams of serum albumin was administered during the last 
hour of each dialysis. Patients in the EuLITE trial also 
received a regimen comprising modified bortezomib, doxo-
rubicin, and dexamethasone. In the MYRE trial, eight 5-hour 
hemodialysis sessions were planned over the first 10 days, 
and, if needed, patients received 3 additional weekly hemo-
dialysis sessions. A postdialysis perfusion of 20 g of albumin 
was administered if serum albumin was <25 g/L prior to 
dialysis. Forty-one percent of the HCO hemodialysis ses-
sions and 4% of the conventional hemodialysis sessions 
required postdialysis perfusion of albumin. Patients in the 
MYRE trial also received bortezomib and dexamethasone, 
and cyclophosphamide as of cycle 3.38,39

Doxorubicin, administered in the EuLITE, but not the 
MYRE trial, is 74% to 76% bound to plasma protein and has 
a terminal half-life of 20 to 48 hours.38-40 One may hypothe-
size that given the need to administer serum albumin, doxo-
rubicin was dialyzed, thus reducing the hematological 
efficacy observed. This theory is supported by studies of 
patients receiving bortezomib and dexamethasone, in which 
rates of very good partial response were similar to those 
reported in EuLITE.41,42 Moreover, patients who received 
HCO dialysis in EuLITE more frequently had chemotherapy 
interruption (infection due to antibiotic removal) which may 
have decreased the response to therapy and increased the 
observed rate of mortality.39

The longer HCO hemodialysis performed in the EuLITE 
trial may potentially have been associated with a poorer 
hematologic response and overall survival as a result of 
decreased the efficacy of doxorubicin, and dexamethasone, 
increased risk of infection, and increased chemotherapy 
disruption.

In addition, when considering survival in patients with 
myeloma with renal failure, early mortality is common.36,43-45 
In the MYRE trial, 20% (n = 9) of patients in the HCO 

hemodialysis group and 21% (n = 10) in the conventional 
hemodialysis group had died at 12 months. However, at 3 
months, no deaths were recorded in the HCO hemodialysis 
group.38 Thus, the hematologic response observed in the 
MYRE trial may have been a function of the benefits of HCO 
hemodialysis.

What is CAR T-cell therapy and what are the risks associated 
with its use? The CAR T-cell therapy is a rapidly evolving 
form of immunotherapy known as adoptive cell transfer. The 
transferred T cells are genetically engineered to express a 
CAR that recognizes surface antigens, linked to an intracel-
lular costimulatory domain (CD28 or 4-1BB) and signaling 
domain to amplify the immune response against tumor cells. 
When targeted to tumor surface antigens, CAR T cells kill 
tumor cells on antigen recognition.19,46

Food and Drug Administration–approved CAR T-cell 
therapies are tisagenlecleucel (Kymriah) for children and 
adolescents with acute lymphocytic leukemia and axicabta-
gene ciloleucel (Yescarta) to treat adults with various forms 
of large B-cell lymphoma. However, while CAR T-cell ther-
apies have focused on hematologic malignancies, they are 
being increasingly studied in solid cancers. There are now 
more than 200 clinical trials investigating CAR T cells for 
both hematologic and solid tumors.19,46 Given their increas-
ing use, it is important to understand the potential adverse 
effects, including to the kidney, that may be encountered 
with CAR T cells.

Cytokine release syndrome, a systemic inflammatory 
response that on activation of CAR T cells, is among the 
most frequent serious adverse events and cause of morbidity 
following CAR T-cell therapy. While CRS was rarely 
observed in studies of first-generation CAR T-cell constructs, 
it is more common with second-generation CAR constructs 
that have additional costimulatory signaling domains. The 
risk of CRS is influenced by not only the type of therapy, but 
also the underlying disease and patient characteristics. The 
CRS after CAR T-cell therapy that presents with fever, hypo-
tension, coagulopathy, and capillary leak and has been 
reported to occur in 54% to 91% of patients.47,48

Chimeric antigen receptor T-cell therapy may also induce 
nephrotoxicity. The capillary leak associated with severe 
CRS can result in prerenal physiology, and the high fever and 
vomiting that accompany CRS may cause intravascular vol-
ume depletion. Cytokine release syndrome–related acute 
cardiomyopathy can also further exacerbate kidney hypoper-
fusion, which can lead to AKI. Acute kidney injury may also 
result from tumor lysis syndrome (TLS) in patients with 
large tumor burdens who are treated with CAR T-cell ther-
apy. Intratubular uric acid and calcium-phosphate crystal 
precipitation triggered by the cytokine storm that occurs with 
TLS can trigger AKI and result in additional kidney injury.49

Other serious adverse events related to CAR T-cell ther-
apy include cytokine-related encephalopathy and hemo-
phagocytic lymphohistiocytosis.50 Hypokalemia (47%), 
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hypophosphatemia (37%), and hyponatremia (5%) have also 
been reported with CAR T-cell therapy.49

Prevention and treatment of CAR T-cell complications 
include chemotherapy to decrease the tumor burden and ste-
roids to dampen inflammation. Intravenous (IV) fluid resus-
citation and vasopressors to maintain systemic hemodynamics 
and renal perfusion may also be prescribed. Tocilizumab, an 
anti–IL-6 receptor antibody, is indicated for severe grade 3/4 
CRS and may be used in conjunction with corticosteroids for 
patients with recurrent symptoms.49

How do we recognize and treat TLS? There is a high incidence 
of TLS in hematological cancers. Tumor lysis syndrome can 
lead to acute renal failure and be life-threatening. Early rec-
ognition of high-risk patients and initiation of therapy is 
therefore important.51

The 2004 Cairo-Bishop definition of clinical TLS is either 
a 25% change or level above or below normal, for any 2 or 
more serum values of uric acid, potassium, phosphate, and 
calcium within 3 days before or 7 days after the initiation of 
chemotherapy, and creatinine ≥1.5 upper limit of normal, 
cardiac arrhythmia/sudden death, or seizure. Of note, this 
definition employs a creatinine criterion that differs from 
other definitions, such as KDIGO.51,52

Tumor lysis syndrome risk assessment should be based on 
cancer type, patient/laboratory parameters, and therapy. The 
use of potent, novel agents, such as venetoclax (currently 
used in chronic lymphocytic leukemias and acute myeloid 
leukemias), may represent risk factors for TLS and should be 
incorporated into risk stratification and prophylaxis.53 The 
mainstays of TLS prophylaxis and treatment include hydra-
tion and diuresis, control of hyperuricemia with allopurinol 
prophylaxis and rasburicase treatment, and vigilant monitor-
ing of electrolyte abnormalities. Febuxostat is recommended 
only for patients unable to receive allopurinol and do not 
have access to rasburicase.51,54

Malignancy and Kidney Transplantation

What are the incidence, cancer risk factors, and mortality rates of 
cancers in kidney transplant recipients compared with the general 
population? Transplant recipients are known to have an 
increased incidence of cancer after transplantation compared 
with the general population. After kidney transplantation, 
patients are at a >2.5-fold greater risk of cancer death than the 
age- and sex-matched general population. The increased over-
all cancer risk seen in kidney transplant recipients is primarily 
driven by a higher rate of immune-related cancers, including 
nonmelanoma skin cancer, posttransplant lymphoproliferative 
disorder, and anogenital cancers. The risk appears to increase 
considerably with time since transplant.55,56

Should cancer screening differ from the general popula-
tion? Despite recommendations for routine screening, the 
uptake of screening remains low in transplant recipients. In 

Ontario, screening rates for cervical cancer and breast cancer 
were found to be much lower in kidney transplant recipients 
than those in the general population. Because early detection 
through cancer screening may modify the longer term cancer 
prognoses, kidney transplant patients should be encouraged 
to undertake routine screening and a proactive approach to 
preventive health care. Moreover, the lower rates of screening 
represent a missed opportunity to improve patient care.56,57

Hyponatremia in Patients With Cancer

What are the frequency and consequences of hyponatremia in 
patients with cancer? Hyponatremia, defined as serum 
sodium <135 mmol/L, is a common electrolyte abnormality 
affecting up to 46% of patients hospitalized in cancer 
centers.58,59

Acute hyponatremia is common in hospitalized patients 
receiving IV hypotonic solutions.60 Serious neurological com-
plications may occur following large or rapid declines in serum 
sodium, including seizures, coma, respiratory arrest, or brain-
stem herniation. In cases of acute hyponatremia, the rate of cel-
lular swelling can overtake the brain’s ability to regulate 
volume, resulting in cerebral edema. The risk of death during 
hospitalization is increased by >50% in patients admitted with 
hyponatremia compared with normonatremia.61,62

Hyponatremia treatment should aim to raise serum sodium 
at the rate at which it fell. Treatment must be careful and 
deliberate, with the correction made over an appropriate time 
frame; osmotic demyelination syndrome can occur if the cor-
rection is made too quickly.60

What variables should be included in calculations of fluid admin-
istration rate? Many formulae have been developed to evalu-
ate and correct hyponatremia. Most recent formulae are 
derived from the Edelman equation, which describes the 
variables that correlate best with serum sodium concentra-
tions.63 However, there are 2 important limitations to the 
Edelman equation—failure to incorporate changing sodium 
levels and time.

Edelman equation:

Plasma water

sodium concentration
total exchangeable sodium

t

= ( )
+ ootal exchangeable potassium

total body water

( )

The newer Chen-Shey equation takes into consideration not 
only the change in sodium that is desired or anticipated, but 
also the timeframe over which this change should occur (ie, 
the rate of sodium correction). This makes the equation prac-
tical, allowing a clinician to choose the desired rate of sodium 
correction that will avoid osmotic demyelination and then 
calculate the IV fluid rate required to achieve this rate.58

To use the Chen-Shey equation, users input baseline data 
on the input and output rates of sodium, potassium, water, 
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predicted urine sodium and potassium, flow rate, and the 
patient’s body weight. They state how quickly the target 
sodium level should be reached, whether the patient is on IV 
fluids or salt tablets, and if there is a preferred treatment. The 
Chen-Shey equation then returns the infusion rate required to 
reach the targeted sodium level and urine sodium level. If 
and when variables change, the equation can be recalculated 
with the new values.58

Conclusions

Onconephrology is a broad new specialty that encompasses 
kidney complications in solid and hematologic patients with 
cancer, as well as the management of cancer in patients with 
preexisting kidney disease. It is an evolving field and addi-
tional trials are needed to understand the mechanisms under-
lying kidney-related complications in these patients. Further 
studies will elucidate the kidney risks associated with novel 

cancer therapies, as well as strategies for cancer treatment in 
the population with existing kidney disease.

With a bidirectional relationship between kidney dis-
ease and cancer, the growing intersection of patients with 
cancer and kidney issues will offer new challenges to 
oncologists and nephrologists. The themes arising from the 
annual Greater Toronto Area Onco-nephrology Interest 
Group Symposium indicate a need for greater collabora-
tion between oncologists and nephrologists (Table 1). 
Educational symposia and onconephrology fellowship 
programs may allow for improved cancer care for patients 
with kidney disease.
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Table 1. Summary of Key Insights and Data.

Kidney impairment 
and solid organ 
malignancies

An estimated 12%-25% of patients with solid organ malignancies have CKD. However, in certain cancers, such 
as genitourinary tract cancers, the prevalence of CKD is higher.2,4-10

An estimated 2%-4% of patients initiating an immune checkpoint inhibitor may develop nephrotoxicity, most 
commonly acute interstitial nephritis. Up to 40% of patients on CAR T-cell therapy experience CRS. TLS and 
electrolyte abnormalities have also been reported with CAR T-cell therapy.14,16,17,19

The screening approach should be individualized and based on patient values, life expectancy, and transplant 
eligibility. Among those appropriate for screening, cancer screening recommendations are similar to general 
population screening guidelines, but include kidney imaging in patients on dialysis for >3 years.24

An estimated 85% of trials published between 2012 and 2017 explicitly excluded patients based on kidney 
function. There is an urgent need for trials specifically focused on patients with impaired renal function.25

Management and 
treatment of kidney 
cancer

There appears to be a bidirectional relationship between kidney cancer and CKD. Some data sets suggest the 
risk increases as kidney function declines, although the underlying mechanisms are unclear.26

The 2019 European Society for Medical Oncology clinical practice guidelines recommend partial nephrectomy 
in smaller tumors and patients with impaired renal function.31

Kidney impairment 
in hematologic 
malignancies

The incidence of renal failure in patients with multiple myeloma is estimated at 18%-56%. Light chain cast 
nephropathy is seen in approximately 30% of these patients.32

Among patients with myeloma cast nephropathy receiving bortezomib-based chemotherapy, high cutoff 
hemodialysis vs conventional high-flux did not improve dialysis independence at 3 months in the MYRE and 
EuLITE trials.38,39 Analysis of the study designs and hematologic responses, may explain the lack of effect 
observed.

CRS is among the most common serious adverse events and cause of morbidity following CAR T-cell therapy. 
The capillary leak associated with severe CRS can result in prerenal physiology and CRS-related acute 
cardiomyopathy can exacerbate kidney hypoperfusion and lead to acute kidney injury.49

The risk of TLS is determined by tumor type, patient characteristics, and type of therapy. Allopurinol and 
rasburicase are the 2 main treatments for addressing uric acid in TLS. Febuxostat may be an alternative in 
some patients.51

Malignancy 
and kidney 
transplantation

Kidney transplant recipients have a greater risk of cancer and a higher risk of cancer-related mortality.55

As cancer-related mortality rates are high in solid-organ transplant recipients, increased screening and 
treatment strategies may be needed.56

Hyponatremia in 
onconephrology

While the incidence and prevalence of hyponatremia vary depending on the cancer type and serum sodium 
cutoff point, hyponatremia may be seen in up to 46% of patients hospitalized in cancer centers. While some 
patients are asymptomatic, hyponatremia may result in neurological symptoms, especially when serum 
sodium declines rapidly or by a substantial amount.58,61

The Chen-Shey equation also includes changes in sodium levels and time, allowing clinicians to determine the 
intravenous fluid rate needed to achieve a specific rate of change of sodium concentration.58

Note. CKD: chronic kidney disease; CAR = chimeric antigen receptor; CRS = cytokine release syndrome; TLS: tumor lysis syndrome.
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