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Chapter 11
Onconephrology

Maria P. Martinez Cantarin and Christina Mejia

�Introduction

The National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) 
program reported that approximately 15.3 million people in the United States had 
cancer of any site in 2016 [1]. Also, approximately 1.7 million new cases of cancer 
were diagnosed in 2019. The number of people living with cancer has been increas-
ing during the past few years in part due to improved patient survival with more 
modern approaches to cancer therapy. The 5-year survival of cancer patients was 
around 69% in 2011 compared to 49–55% in the 1970s–1980s with traditional che-
motherapy [1]. The unintended consequence of improved cancer survival is that 
more patients will likely experience the short- and long-term side effects of cancer 
treatment. More patients with cancer will also develop chronic conditions like 
chronic kidney disease (CKD) which carry their own impact on morbidity and 
mortality.

Caring for patients with both cancer and kidney disease poses a significant chal-
lenge to the medical team. Cancer populations are often vulnerable and have a mul-
titude of risk factors for acute kidney injury including treatment-related 
nephrotoxicity. CKD, on other hand, may be a consequence of a specific cancer 
itself or due to comorbidities like hypertension and diabetes similar to the general 
population. As cancer survival improves, more patients with cancer will live long 
enough to reach end-stage renal disease (ESRD) requiring renal replacement ther-
apy. Although the approach to the diagnosis and treatment of most kidney diseases 
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is similar among cancer patients and the general population, we will discuss below 
conditions and issues unique to cancer patients which highlights the growing need 
for onconephrology training.

�Assessment of Kidney Function in Cancer Patients

Kidney function is commonly expressed in terms of creatinine clearance or glo-
merular filtration rate (GFR). Accurate measurement of kidney function among 
cancer patients is important as it is considered in the choice and dosing of chemo-
therapeutic drugs and because kidney injury can complicate the clinical course of 
cancer patients. However, reliable measurement of kidney function in this popu-
lation is often challenging due to the limitations in the tools available to the clini-
cian. Serum creatinine-based formulas like the Cockroft and Gault (CG), the 
Modification of Diet in Renal Disease (MDRD), and the CKD Epidemiology 
Collaboration (CKD-EPI) are easy to use and estimate the glomerular filtration 
rate (eGFR). The Kidney Disease: Improving Global Outcomes (KDIGO) recom-
mends the use of CKD-EPI in the general population [2]. Cancer patients, how-
ever, often suffer from sarcopenia resulting in decreased creatinine generation. 
Serum creatinine-based formulas tend to overestimate kidney function in this 
setting and may lead to unwanted drug toxicity. The underestimation of kidney 
function is equally worrisome as it may lead to sub-therapeutic dosing and treat-
ment failure. Despite losing favor in clinical practice, the CG formula developed 
back in 1976 is still the basis of most drug-dosing recommendations for adjust-
ment for kidney function. The CG formula predates the standardization of Cr 
assays, is seldomly reported by standard laboratories, and is less accurate in the 
elderly, the age group in which the majority of cancer patients fall into [3, 4]. The 
largest study that validated eGFR formulas among cancer patients was by 
Janowitz and colleagues in 2017 [5]. Among 2582 cancer patients, the CKD-EPI 
formula when adjusted to body surface area was the most accurate published 
formula compared against chromium-51 (51Cr) EDTA excretion as the gold stan-
dard. More accurate measures of kidney function include inulin and iothalamate 
clearance, but they are expensive and mostly used in research settings. 24-hour 
urine creatinine clearance measurement can be utilized but may be cumbersome 
particularly in non-hospitalized patients. Cystatin C is not affected by differences 
in muscle mass or diet and is relatively inexpensive. This can be used to estimate 
GFR either alone or in conjunction with serum creatinine using CKD-EPI cys-
tatin C equations. However, cystatin C can increase in states of high cell turnover 
and non-Hodgkin’s B-cell lymphoma limiting its use in certain cancers [6]. There 
are no clear recommendations on the best method to determine kidney function 
among cancer patients.

Tubular function is an important aspect of kidney function that is often neglected. 
Among cancer patients, attention to tubular function is necessary as many chemo-
therapeutic drugs cause tubular toxicity that may lead to acid-base and electrolyte 
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abnormalities. Measuring urinary beta-2 microglobulin, a marker of proximal tubu-
lar injury, and calculating for the fractional excretion of urinary ions may be valu-
able tests as serum creatinine and blood urea nitrogen (BUN) may remain normal 
with tubular dysfunction [5, 7].

�Acute Kidney Injury in Cancer Patients

Acute kidney injury (AKI) often complicates the clinical course of cancer patients. 
In a Danish study of 37,267 cancer patients, the 1-year risk of AKI after cancer 
diagnosis was 17%, and the 5-year risk was around 27% [8]. In a US cancer center, 
among 3558 patients admitted over 3 months, 12% had AKI based on the RIFLE 
(Risk, Injury, Failure, Loss, ESRD) criteria [9]. The risk of AKI may depend on the 
underlying malignancy with renal cancer, multiple myeloma, and liver cancer being 
associated with the highest risk [8]. Other risk factors include underlying diabetes, 
iodinated contrast exposure, chemotherapy, and antibiotic use [9]. Similar to the 
general population, AKI in cancer patients results in higher costs of hospitalization, 
longer hospital stay, and increased morbidity and mortality [10]. In a Brazilian 
cohort of 288 cancer patients in an intensive care unit, mortality rates were 49%, 
62%, and 87% for patients with RIFLE criteria R, I, and F, respectively, compared 
to 13.6% in those without AKI [11].

Based on pathophysiology, the causes of AKI among cancer patients can be 
divided into prerenal, intrinsic, and postrenal similar to how we approach AKI in the 
general population (Table 11.1). AKI in cancer patients can also be classified as 
being cancer-related (caused by the cancer itself), therapy-related, or cancer-
nonspecific. Cancer-nonspecific causes include volume depletion, iodinated con-
trast exposure, medications (e.g., non-steroidal anti-inflammatory drugs [NSAIDs], 
angiotensin-converting enzyme inhibitors [ACEIs], antibiotics, diuretics), ischemic 
acute tubular necrosis (ATN), sepsis, and renal vein or artery occlusion. In a cohort 
of 975 patients admitted in a medical-surgical intensive care unit, 32% had AKI 
with shock/ischemia and sepsis accounting for the majority of cases [12]. The man-
agement of cancer-nonspecific causes of AKI follow recommendations for the gen-
eral population. Hypovolemia, shock, and sepsis should be approached aggressively 
as cancer patients can be frail and immunocompromised. Nephrotoxic medications 
and iodinated contrast should be avoided if possible, but their use should be weighed 
against their benefits if it can alter the course of treatment (e.g., cancer staging) and 
the goals of care (e.g., palliative vs curative). Despite the inaccuracy of estimates of 
GFR in AKI, appropriate dose adjustment of medications should still be attempted. 
Consultation with pharmacy should be considered to avoid over- or under-dosing 
chemotherapeutic drugs and life-saving antibiotics. Medical teams should also pay 
attention to medications commonly prescribed to cancer patients, like renally 
excreted analgesic medications. Morphine and other opioids have metabolites that 
may accumulate with reduced kidney function and can result in life-threatening 
neurologic and respiratory depression. Gabapentin and baclofen are also commonly 
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used analgesic medications that require dose adjustment for eGFR and can lead to 
neurotoxicity at high doses.

The incidence of AKI requiring dialysis among critically ill cancer patients ranges 
from 2% to 5% [8–10]. The indications for initiating dialysis among cancer patients 
are similar to those without cancer. These include acid-base and electrolyte abnor-
malities that are refractory to medical management, volume overload with oliguria, 
and uremia. Active cancer should not be a hindrance to offering dialysis to patients 
especially in the setting of a reversible process. However, it is important to recognize 
that dialysis is an invasive procedure and also carries its own risks (e.g., bleeding 
from dialysis access insertion, infection, arrhythmias, hemodynamic changes). 
Factors like cancer prognosis, previously set goals of care, advanced directives, and 
baseline physical function/frailty prior to the acute illness should all be part of the 
discussion before initiating dialysis. The cost of hospitalization increases by around 
21% for patients with AKI who require dialysis [10]. Furthermore, 10–15% of those 
who required dialysis for AKI will progress to ESRD [8].

�Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) results from the rapid release of intracellular sub-
stances into the extracellular compartment due to destruction of cancer cells. It 
often occurs in response to therapy but can rarely occur spontaneously in certain 

Table 11.1  Causes of acute kidney injury in cancer patients

Mechanism of 
AKI Causes

Prerenal Volume depletion
Cardiorenal syndrome/heart failure
Hepatorenal syndrome
Drugs

Intrinsic
Glomerular Paraprotein-related diseases, thrombotic microangiopathy, atheroembolism, 

paraneoplastic glomerulonephritis
Vasculature Renal vein/artery thrombosis
Interstitium Medications, paraprotein-related disease, infections/sepsis
Tubular Cast nephropathy

Tumor lysis syndrome
Ischemic acute tubular necrosis
Nephrotoxins, iodinated contrast
Rhabdomyolysis

Postrenal Renal calculi
Papillary necrosis
Tumor invasion of the ureter/bladder
Bladder or prostate malignancy
Retroperitoneal fibrosis post-surgery/radiation

M. P. Martinez Cantarin and C. Mejia



189

cancers. TLS is characterized by hyperuricemia, hyperkalemia, and hyperphospha-
temia with secondary hypocalcemia due to calcium binding to phosphate. AKI 
results for uric acid and calcium phosphate precipitation in the tubule. Since the 
development of effective hypouricemic agents, calcium phosphate precipitation is 
now a more dominant process in AKI from TLS. The Cairo-Bishop definition is 
used for the laboratory and clinical diagnosis of TLS (Table 11.2) [13].

Acute lymphoblastic leukemia (ALL), non-Hodgkin’s lymphoma, and acute 
myeloid leukemia (AML) are the most common malignancies associated with TLS 
[13, 14]. With the emergence of more effective anticancer drugs, TLS is being 
increasingly seen in cancers not historically associated with it like chronic lympho-
cytic leukemia. Tumor-related risk factors for developing TLS include high cell 
proliferation rate, increased chemosensitivity of the cancer, and a large tumor bur-
den (organ infiltration, bone marrow involvement, elevated lactate dehydrogenase 
[LDH]) [15]. Certain parameters for different hematologic malignancies are used to 
identify which patients are at high, moderate, or low risk of developing TLS (e.g., 
AML with WBC count ≥  100  ×  109/L or lymphoblastic lymphoma with LDH 
≥2 × upper limit of normal are considered high risk) [16]. Other risk factors for TLS 
include pre-treatment hyperuricemia (>7.5 mg/dl), prior kidney disease/AKI, expo-
sure to other nephrotoxins, acidic urine, oliguria, volume depletion, and a higher 
calcium phosphate product (>60mg2/dl2) [13, 17]. TLS with AKI is associated with 
a fivefold increased risk of death within 6  months compared to the absence of 
AKI [14].

Preventive strategies for TLS include aggressive intravenous or oral hydration 
with at least 3 L/m2 per day to achieve a urine output of 80–100 ml/m2/hour [13]. 
Loop diuretics should be used when oliguria with volume overload occurs. 
Allopurinol and/or rasburicase can be given prophylactically to patients who have 
an intermediate or high risk for developing TLS. Febuxostat can also be used instead 
of allopurinol but is more expensive. Urine alkalinization is no longer recommended 
as it can promote calcium phosphate deposition and may worsen AKI [13]. Close 
monitoring of electrolytes and LDH should be done during chemotherapy for early 
detection. When TLS occurs, aggressive medical management of electrolyte 
derangements should be done to avoid organ damage and life-threatening events 
like cardiac dysrhythmias. Hypouricemic medications should be administered 

Table 11.2  The Cairo-Bishop definition of tumor lysis syndrome in adults

Laboratorya Clinicalb

Uric acid > 8 mg/dLc Increase in creatinine > 1.5 ULN
Potassium > 6 mEq/Lc Cardiac arrhythmia
Phosphorus > 4.5 mg/dLc Seizure
Calcium < 7 mg/dlc

Abbreviations: ULN upper limit of normal
a>2 of the laboratory changes within 3 days before or 7 days after chemotherapy
bClinical tumor lysis syndrome refers to laboratory tumor lysis syndrome and at least one clinical 
complication and can be graded based on severity of clinical complication
cor a 25% increase from baseline
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promptly. With severe hyperkalemia, medications that shift potassium intracellu-
larly should be given as a temporizing measure, but eventual excretion from the 
body should be the goal. Exogenous sources of potassium and phosphate (intrave-
nous or dietary) should be limited, and binders can be administered. Calcium 
replacement is only indicated for severe or symptomatic hypocalcemia (electrocar-
diogram changes, dysrhythmias, tetany) as excessive repletion will promote cal-
cium phosphate binding and precipitation. Indications for renal replacement include 
oliguria or anuria, volume overload not responding to diuretics, refractory hyperka-
lemia, symptomatic hypocalcemia, and a calcium phosphate product >70mg2/dl2 
[13, 17, 18]. The efficiency of intermittent hemodialysis varies depending on the 
size of dialyzer used and the duration of treatment. Uric acid and potassium are 
rapidly lowered by intermittent hemodialysis treatments lasting 4–6 hours. In severe 
hyperkalemia, intermittent hemodialysis may be done first to rapidly lower potas-
sium levels followed by continuous renal replacement therapy (CRRT) to avoid a 
rebound effect [14]. Phosphate clearance is slower and time dependent due to its 
large volume of distribution. It may require more frequent treatments if intermittent 
hemodialysis is planned, and continuous renal replacement therapy is a better option 
in cases of severe hyperphosphatemia. Peritoneal dialysis is less efficient and is not 
commonly done for TLS. TLS complicated by AKI is associated with higher in-
hospital and 6-month mortality, even after adjusting for severity of illness [19].

�Therapy-Related Acute Kidney Injury

Cancer therapy has greatly evolved in the past century. In the first half of the twen-
tieth century, therapy options for cancer were limited to radiotherapy and tradi-
tional chemotherapeutic drugs. As the effects of these treatments were not specific 
to cancer cells, patients suffered from numerous side effects. The 1980s harbored 
in the era of targeted therapy. Tyrosine kinase inhibitors and monoclonal antibodies 
were developed to act against specific molecular targets like altered oncogenes or 
tumor suppressor genes that were responsible for tumor growth and progression. 
Targeted therapy is efficacious against cancer cells and has limited effects on nor-
mal cells improving the tolerability of chemotherapy. In 2010, immunotherapy 
started taking center stage by targeting immune tolerance that allows certain can-
cers to proliferate.

The kidneys are particularly susceptible to drug toxicity due to its role in drug 
metabolism and excretion. Certain anticancer drugs are toxic to certain segments of 
the nephron or the interstitium resulting in varied renal manifestations depending on 
which segment is affected. Electrolyte abnormalities are common in proximal tubu-
lopathies, proteinuria occurs in glomerular involvement or podocytopathies, and 
thrombotic microangiopathy (TMA) can develop with insult to the vasculature and 
causes hypertension and proteinuria. As newer anticancer drugs come into play, it is 
important for the clinician to be familiar with their associated toxicities. As the 
indications for immunotherapy grow, clinicians may start encountering 
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immune-mediated nephrotoxicity more frequently than the typical tubular toxicities 
that are observed with traditional chemotherapeutic drugs.

�Traditional Chemotherapeutic Agents

�Platinum Salts

Cisplatin and its analogues carboplatin and oxaliplatin exert their anticancer effect by 
cross-linking with purine bases resulting in interference with DNA replication and 
repair. These agents are commonly used in head and neck, gynecologic, testicular, 
and lung cancer. Several mechanisms have been described in the literature including 
direct proximal and distal tubular epithelial cell toxicity, renal vasoconstriction, and 
pro-inflammatory effects [20]. Cisplatin-induced nephrotoxicity can therefore pres-
ent with a Fanconi-like syndrome (phosphate and potassium wasting, glucosuria in 
the setting of normoglycemia, hypouricemia, aminoaciduria, and tubular acidosis), 
TMA, and AKI. In a recent study of 821 adults treated with cisplatin for various can-
cers, AKI occurred in 31.5% with a median decline in eGFR by ~10 ml/min per 
1.73 m2 [21]. Risk factors for developing AKI with platinum salts include older age, 
higher peak plasma concentrations, previous cisplatin therapy, pre-existing kidney 
disease, and concomitant use of other nephrotoxic agents like amphotericin or ami-
noglycoside [22–24]. AKI is usually non-oliguric as urine output is preserved due to 
the kidney’s decreased ability to concentrate urine. Preventive measures include 
using lower doses or alternative agents, maintaining adequate hydration with normal 
saline infusion, and correction of hypomagnesemia. Other “nephroprotective” strate-
gies like the use of amifostine, sodium thiosulfate, N-acetylcysteine, or theophylline 
are more controversial. Cisplatin-induced AKI is generally reversible with dose 
reduction, but the drug should be discontinued when severe and progressive kidney 
dysfunction occurs with a ≥50% increase in serum creatinine from baseline or pres-
ence of oliguria. When cisplatin therapy is associated with TMA or hemolytic uremic 
syndrome (HUS), it should also be discontinued. Carboplatin and oxaliplatin are 
thought to be less nephrotoxic and may be considered as alternatives to cisplatin.

�Methotrexate and Pemetrexed

Methotrexate (MTX) inhibits the dihydrofolate reductase enzyme resulting in a 
shortage of thymidylate and purines required for nucleic acid synthesis. MTX is 
used in acute lymphoblastic leukemia, lymphomas, osteosarcoma, and gestational 
trophoblastic disease. Around 90% of MTX is excreted in the urine unchanged. 
Drugs that inhibit renal excretion of MTX like NSAIDs, phenytoin, proton pump 
inhibitors (PPIs), and sulfamethoxazole/trimethoprim can lead to toxicity. The inci-
dence of AKI with MTX has historically been reported to be as high as 30–50% [4]. 
A more recent study reported a much lower incidence of just 1.8% in 3887 patients 
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with osteosarcoma [25]. Lower doses of MTX do not commonly result in nephro-
toxicity. At doses ≥500 mg/m2, MTX can precipitate in the tubules causing obstruc-
tion and direct tubular injury. Acidic urine, volume depletion, elevated plasma 
concentration, and mutations in the multidrug resistance protein 2 (MRP2) trans-
porter in the proximal tubule all promote MTX precipitation [4, 26]. MTX has also 
been associated with a transient decline in eGFR occurring within a week of initia-
tion and is thought to be due to arteriolar and mesangial constriction [27].

Intravenous hydration and urine alkalinization (targeting a urine pH of 7.0–8.0) 
can be used to decrease tubular precipitation of MTX. Leucovorin and thymidine 
can restore DNA synthesis in normal hematopoietic and enteric cells and are used 
as rescue therapy. Urgent hemodialysis has been used to decrease MTX levels when 
it is markedly elevated in the serum with signs of organ damage such as elevated 
hepatic enzymes, AKI, myelosuppression, or neurologic dysfunction. Depending on 
the modality and duration of treatment, around 50–80% of MTX can be removed 
with hemodialysis. The use of high-flux hemodialysis appears to result in the great-
est decrease in MTX levels with a single treatment [25]. After discontinuation of 
hemodialysis, a rebound increase in serum MTX levels is expected and may neces-
sitate additional treatment sessions. Peritoneal dialysis is generally ineffective in 
reducing MTX levels. The recombinant enzyme carboxypeptidase G2 (glucarpi-
dase) cleaves MTX into inactive metabolites. It can rapidly decrease MTX levels by 
97–99% within 30 minutes of administration and can be used instead of hemodialy-
sis when available [28, 29].

Pemetrexed is a derivative of MTX and is used in the treatment of advanced non-
small cell lung cancer (NSCLC) and pleural mesotheliomas. Similar to MTX, 
70–90% of the drug is excreted in the urine unchanged. It has been associated with 
acute tubular necrosis (ATN), acute tubulointerstitial nephritis (ATIN), renal tubular 
acidosis (RTA), and diabetes insipidus based on case reports [30–32].

�Ifosfamide and Cyclophosphamide

Ifosfamide and cyclophosphamide are alkylating agents that inhibit DNA synthesis 
by causing DNA strand breaking. Ifosfamide is used in the treatment of patients 
with lymphomas, sarcomas, and testicular and ovarian cancers. Cyclophosphamide 
is commonly used in lymphomas, leukemias, and breast cancer. Nephrotoxicity can 
present as AKI from ATN, proximal tubular dysfunction with Fanconi syndrome, 
RTA types 1 and 2, and nephrogenic diabetes insipidus (DI). Risk factors for neph-
rotoxicity include the concomitant use of platinum salts, pre-existing kidney dis-
ease, nephrectomy, and renal irradiation. Nephrotoxicity is commonly dose 
dependent, but there have been reports of it being sporadic [4, 33]. Both syndrome 
of inappropriate antidiuretic hormone (SIADH) and nephrogenic DI have been 
reported with cyclophosphamide. Nephrotoxicity resulting from these alkylating 
agents can be managed with drug discontinuation, adequate hydration, and electro-
lyte repletion. Lastly, ifosfamide and cyclophosphamide can cause hemorrhagic 
cystitis from accumulation of the toxic metabolite acrolein that triggers an intense 
inflammatory reaction. Mesna inactivates acrolein and has been used in the 
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prevention of hemorrhagic cystitis in conjunction with aggressive hydration and 
forced diuresis in patients receiving high-dose cyclophosphamide or ifosfamide.

�Nitrosoureas

Nitrosoureas are alkylating agents that deactivate a variety of reductases leading to 
inhibition of DNA synthesis [34]. Carmustine (BiCNU), streptozotocin, and lomus-
tine (CCNU) belong to this group and are used for treatment of gliomas, central 
nervous system tumors, lymphomas, and melanoma. It is also administered prior to 
bone marrow stem cell transplant. These agents result in nephrotoxicity by causing 
direct proximal tubular cell injury, chronic interstitial nephritis, and AKI. Hypotension 
also occurs during carmustine infusion and can lead to renal hypoperfusion. 
Nephrotoxicity usually manifests 2–3 weeks after drug administration but can also 
be delayed presenting months to years after the drug has been discontinued. Forced 
diuresis during infusion can prevent nephrotoxicity [35]. Infusion-related hypoten-
sion can be addressed with slower infusion rates, administration of vasopressors, 
and holding antihypertensive medications prior to infusion [4].

�Gemcitabine and Mitomycin C

Gemcitabine is a pyrimidine antimetabolite that inhibits the ribonucleotide reduc-
tase and DNA polymerase. It is used for pancreatic cancer, bladder cancer, and 
NSCLC. Mitomycin C (MMC) is an antibiotic that acts as an alkylating agent and 
is used in some gastrointestinal cancers. Nephrotoxicity for these agents is in the 
form of TMA with hemolytic anemia, thrombocytopenia, and AKI. Gemcitabine-
induced TMA is rare, with a reported incidence of 0.015–0.4% [36–38]. Immune 
and non-immune mechanisms are proposed but are not well understood. The devel-
opment of TMA seems to be dependent on the cumulative dose received. It can have 
a delayed presentation occurring 3–18  months after drug discontinuation [37]. 
Clinical presentation can be similar to HUS or thrombotic thrombocytopenic pur-
pura (TTP) with more prominent neurologic symptoms. New-onset or worsening 
hypertension was found to precede the diagnosis of TMA [36]. Discontinuation of 
the medication is recommended when TMA develops. Plasmapheresis has been 
used in some case reports [39].

�Targeted Therapy

�Vascular Endothelial Growth Factor (VEGF) Inhibitors

VEGF functions as the main growth factor that controls angiogenesis by binding to 
VEGF receptors with tyrosine kinase activity on the vascular endothelium. The US 
Food and Drug Association (FDA) has approved several VEGF inhibitors including 
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monoclonal antibodies against VEGF (bevacizumab) or its receptor (ramucirumab). 
Tyrosine kinase inhibitors (TKI) are small molecules that block the intracellular 
domain of the VEGF receptor. Compared to the monoclonal antibodies, TKIs (suni-
tinib, sorafenib, pazopanib) have the advantage of oral bioavailability but are less 
specific and may inhibit other tyrosine kinase receptors. Aflibercept is another 
VEGF inhibitor that works by acting as a decoy receptor trapping VEGF before it 
binds to its endothelial receptor. VEGF inhibitors are used in renal cell cancer and a 
variety of other solid tumors. The monoclonal antibodies are used in cervical, ovar-
ian, breast, and colorectal cancer. TKIs have been used in hepatocellular, thyroid, 
and small cell lung cancer (SCLC).

In the kidney, VEGF is important to maintain podocyte and endothelial function 
which explain the nephrotoxicity associated with VEGF inhibitors. Proteinuria has 
been reported in 21–64% of patients receiving VEGF inhibitors, and nephrotic syn-
drome can occur in 1–2% of patients [4, 40]. Minimal change disease (MCD), focal 
segmental sclerosis (FSGS), and even proliferative glomerulonephritis have been 
reported in kidney biopsies of patients treated with VEGF inhibitors [40–44]. TMA 
is a feared complication of VEGF inhibitors and results from endothelial injury. The 
incidence of TMA with VEGF inhibitor therapy is unknown, and the development 
of TMA warrants drug discontinuation. TKIs have also been associated with acute 
and chronic interstitial nephritis, hypophosphatemia, and nephrogenic DI [20, 45]. 
Renal effects of VEGF inhibitors manifest around 6 months after initiating therapy 
[44]. AKI is often reversible with drug discontinuation, while proteinuria often 
decreases but may be persistent [45].

Hypertension (HTN) develops in around 13–40% of patients treated with 
VEGF inhibitors and is dose dependent [41, 43]. It is thought to develop due to the 
downregulation of nitric oxide production and impaired natriuresis. The develop-
ment of HTN actually correlates with better response to anticancer treatment and 
does not warrant drug discontinuation [26, 41]. ACEIs or angiotensin receptor 
blockers (ARBs) are reasonable choices for blood pressure control, especially in 
the setting of concomitant proteinuria [45]. However, there are no recommenda-
tions on the preferred antihypertensive agent for patients with VEGF inhibitor-
induced HTN.

�BRAF Inhibitors

B-raf proteins are involved in signal transmission for cell growth via the MAPK 
pathway [20]. BRAF inhibitors like vemurafenib and dabrafenib have been approved 
for the treatment of advanced melanoma with BRAF mutations. Various renal tox-
icities have been reported in patients treated with BRAF inhibitors, ranging from 
AKI, metabolic derangements (hypokalemia, hyponatremia, hypophosphatemia) 
[41], acute tubulointerstitial nephritis (AIN), podocytopaties, and granulomatous 
formation in the glomeruli. A decline in eGFR can occur within 2 months of initia-
tion of therapy [20].
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�Anaplastic Lymphoma Kinase (ALK) Inhibitors

Anaplastic lymphoma kinase (ALK) is found in various tumors like Hodgkin’s lym-
phoma, NSCLC, and rhabdomyosarcoma and is the target of ALK inhibitors like 
crizotinib. In a study of 38 patients with NSCLC treated with crizotinib, Brosnan 
et al. reported a decline in eGFR by 24% from baseline around 2 weeks after treat-
ment [46]. It is unclear whether the decline in eGFR is due to true AKI or is a result 
of decreased creatinine secretion by the proximal tubule, as both have been described 
in the literature. A small decline in eGFR does not usually warrant discontinuation 
of therapy, but careful monitoring of renal function is recommended when this hap-
pens. Renal cyst progression has also been documented with crizotinib therapy, but 
malignant transformation has not been reported [41].

�Proteasome Inhibitors

Proteasome inhibitors exert their antitumor effect by impairing proteasome function 
leading to accumulation of abnormal proteins within cancer cells. Bortezomib and 
carfilzomib are used in multiple myeloma and have both been associated rarely with 
TMA, AIN, and AKI [41]. Carfilzomib has also been associated with podocytopa-
thy and a tumor lysis-like syndrome.

�Immunotherapy

�Immune Checkpoint Inhibitors (ICPI)

T cells have specific surface receptors that when bound to ligands on antigen-
presenting cells result in a downregulation of the immune response [47]. These 
“checkpoints” promote tolerance and survival of certain cancers. Immune check-
point inhibitors (ICPI) are monoclonal antibodies that bind to these receptors or 
their ligands, allowing the immune system to go “unchecked” to start attacking 
cancer cells. Two receptors have been identified, cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA4) and programmed cell death protein 1 (PD1). Ipilimumab is a 
monoclonal antibody against CTLA4 and has been approved for the treatment of 
metastatic melanoma and renal cell cancer [48]. Nivolumab and pembrolizumab are 
antibodies against PD1 and have been approved in many types of cancer, although 
they are mainly used for melanoma, NSCLC, head and neck cancer, colon cancer 
with microsatellite instability, triple negative breast cancer, and renal cell cancer. 
Cemiplimab is another PD1 inhibitor that has been approved for cutaneous squa-
mous cell cancer. Atezolizumab, durvalumab, and avelumab inhibit the ligand of 
PD1 (PD-L1) and are now the first line for urothelial cell cancer due to prolonged 
overall and progression-free survival [48]. The former two are also approved for 
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NSCLC. Since ICPIs exert its anticancer effect through a form of “autoimmunity,” 
immune-related adverse events (irAE) have been described with ICPIs involving the 
skin, gastrointestinal tract, endocrine system, and, less commonly, kidneys.

AKI has been reported to occur in 3–17% of patients treated with an ICPI [48, 
49]. ICPI-associated AKI (ICPI-AKI) is not clearly defined in literature. It is sus-
pected in the setting of an increase in serum creatinine (usually ≥50% from base-
line) with ICPI therapy and in the absence of an alternative etiology. ICPI-AKI is 
more probable if it occurs concomitantly or following an irAE, sterile pyuria, and/
or eosinophilia. In a study of 138 patients with ICPI-AKI, AKI occurred with an 
irAE in 43% of cases. Rash was the most common irAE associated with ICPI-AKI 
[50]. Development of AKI occurs around 3.5 months after initiation of ICPI, but has 
been reported to occur even after a year of an extrarenal irAE [51].

The pathophysiology of ICPI-AKI is still unknown. One hypothesis is that the 
tubules act as a target of self-reactive T cells, resulting in AIN which is commonly 
seen on renal biopsies of patients with ICPI-AKI. Another hypothesis is that expo-
sure to certain drugs (acting as direct triggers or as haptens) result in T-cell priming 
and subsequent ATIN. Prior or concomitant use of proton pump inhibitors (PPIs) 
has been documented in the majority of patients with ICPI-AKI [49, 50]. Some 
hypothesize that PPI exposure results in sensitization, although PPIs by itself are 
known to cause ATIN in the general population. Other risk factors for developing 
ICPI-AKI include combination therapy with an anti-CTLA4 and an anti-PD-1/
PD-L1 agent and a lower baseline eGFR. There is no defining feature that character-
izes ICPI-AKI. As mentioned, it can present with sterile pyuria, eosinophilia, and 
sub-nephrotic range proteinuria similar to ATIN from other etiologies [50].

The National Comprehensive Cancer Network recommends considering a kid-
ney biopsy only for those with a threefold rise in serum creatinine [51]. Some 
authors advocate for a more lenient approach to performing biopsies even in milder 
forms of AKI and prior to empiric treatment with corticosteroids if ATIN is sus-
pected, especially in the absence of contraindications to doing a biopsy [48]. Kidney 
biopsies should also be performed when alternative diagnoses like glomerulone-
phritis are being considered. Retrospective studies reported the efficacy of steroids 
in reversing ICPI-AKI.  In a study of 138 patients with ICPI-AKI, 85% achieved 
either complete or partial renal recovery with corticosteroid therapy [50]. Although 
there are no controlled trials supporting a particular steroid regimen, a dose of 1 mg/
kg of prednisone can be considered as a starting dose. Pulse methylprednisolone can 
be considered for more severe AKI. The use of other immunosuppressive agents 
like mycophenolic acid and cyclophosphamide has been reported, but data is too 
sparse to draw any conclusions on their efficacy [48].

Since ICPIs have resulted in improved overall survival for certain cancers, the 
decision to re-challenge patients who have developed ICPI-AKI is important. The 
American Society of Clinical Oncology recommends against restarting ICPI in 
patients who developed severe AKI described as a serum creatinine >3× or >4.0 mg/
dL of baseline or a need for dialysis [52]. However, the risk of kidney injury should 
be carefully weighed against the benefit of a potentially life-saving therapy, and the 
decision should be individualized. About a quarter of patients who are re-challenged 
will have a recurrence of AKI [50].
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Another unique issue arising from ICPIs is among solid organ transplant (SOT) 
recipients, including kidney recipients. SOT recipients have a higher risk of cancer 
compared to the general population due to immunosuppression. Among recipients 
who develop cancers sensitive to ICPIs, the use of these agents raises the possibility 
of triggering an episode of rejection as it boosts the immune response. Case reports 
of rejection after ICPIs have been published, but due to the absence of larger series, 
it has been difficult to establish a strong association due to confounding factors [53]. 
For instance, a diagnosis of cancer in a transplant recipient would likely entail a 
reduction in immunosuppression, which by itself can account for episodes of 
rejection.

�Chimeric Antigen Receptor T-Cell (CAR-T) Therapy

CAR-T therapy is a form of adoptive cell transfer and has been approved by the US 
FDA for certain cancers in 2017. It involves harvesting a patient’s own T cells and 
bioengineering them to produce surface receptors (chimeric antigen receptors) 
which attach to a specific tumor antigen (e.g., CD19 on B cells). These CAR-T cells 
are expanded ex vivo and then infused back into the patient resulting in antitumor 
activity. CAR-T therapy is approved for children and adults with relapsed and 
refractory acute lymphoblastic leukemia (tisagenlecleucel) and more recently for 
large B-cell lymphoma (axicabtagene ciloleucel and tisagenlecleucel). CAR-T is 
also being studied for a variety of solid tumors.

Immune-mediated nephrotoxicity has been reported with CAR-T therapy. 
Cytokine release syndrome results in a systemic inflammatory response from a 
surge in cytokines produced by the CAR-T cells themselves or activated native 
immune cells. Cytokine release syndrome was observed in >40% of patients receiv-
ing CAR-T therapy and may present with fever, shock, cardiac, neurologic symp-
toms, and AKI [54]. The mechanism of AKI is prerenal due to systemic vasodilation 
and/or acute tubular injury from renal hypoperfusion. Cardiorenal syndrome can 
also occur in the setting of cardiovascular compromise. A rise in serum creatinine 
can be observed 7–10  days after CAR-T infusion. The management of cytokine 
release syndrome is mainly supportive, but anti-cytokine therapies such as IL6 
receptor antagonist tocilizumab and steroids have also been used [55]. 
Hemophagocytic lymphohistiocytosis and tumor lysis syndrome have also been 
documented with CAR-T therapy and are also associated with AKI. CAR-T therapy 
is also associated with electrolyte abnormalities like hypokalemia, hyponatremia, 
and hypophosphatemia.

�Radiation Nephropathy

Radiation is part of the definitive therapy for certain cancers like testicular cancer, 
lymphomas, or sarcoma. Total body irradiation (TBI) is also performed as part of 
conditioning prior to hematopoietic stem cell transplantation (TBI-HSCT). Ionizing 
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radiation results in disruption of chemical bonds and production of oxygen radical 
species that cause injury to DNA and killing cancer cells. During radiation for 
abdominal, pelvic, or retroperitoneal tumors or during TBI, the kidneys are com-
monly exposed to ionizing radiation due to their location. A total dose of 23 Gy of 
photon irradiation to both kidneys is considered the threshold dose that can result to 
radiation nephropathy [56]. For patients who undergo radiation prior to HSCT, a 
single dose of 10 Gy can cause kidney injury. Some proposed mechanisms for radia-
tion nephropathy include oxidative stress, increased production of fibrosis trans-
forming growth factor B, vascular injury, and activation of the renin-angiotensin 
system (RAS) [57]. “Acute” radiation nephropathy actually presents around 
6–12  months after irradiation with various symptoms like headaches, dyspnea, 
fatigue, edema, and malignant hypertension. It can also present with hemolytic ure-
mic syndrome (HUS) or TMA. Proteinuria may be present but is commonly in the 
non-nephrotic range. Chronic radiation nephropathy can be primary, with the initial 
presentation occurring ≥18 months after irradiation, or secondary, resulting from an 
episode of acute radiation nephropathy progressing to CKD. The management of 
radiation nephropathy is mostly supportive. RAS blockers are a reasonable option 
for hypertensive patients with proteinuria, although there are no controlled trials 
proving their benefit. Prevention of radiation injury includes the use of protective 
shields to limit the volume of the kidneys exposed and fractionated dosing allowing 
for recovery between treatments.

�Hematopoietic Stem Cell Transplantation (HSCT)

The number of patients who undergo hematopoietic stem cell transplantation 
(HSCT) has continued to increase, and long-term follow-up is available. Most data 
on outcomes of HSCT are obtained from pediatric populations. AKI and CKD are 
common complications of HSCT and affect anywhere from 10% to 70% of recipi-
ents [57]. AKI is more common in patients who undergo allogenic HSCT compared 
to autologous transplant (50% vs 10%) [58]. Mechanisms of kidney injury unique 
to HSCT include graft-versus-host disease (GVHD), hepatic sinusoidal obstruction 
from veno-occlusive disease/sinusoidal obstruction syndrome (SOS), and calcineu-
rin inhibitor (CNI)-associated nephrotoxicity. GVHD causes injury to the skin, gas-
trointestinal tract, liver, and kidneys due to an inflammatory cascade leading to 
activation of cytotoxic T cells. SOS results from injury to the sinusoidal endothelial 
cells due to conditioning therapy. This results in acute portal hypertension leading 
to AKI due to decreased renal perfusion and tubular injury. Meanwhile, CNI neph-
rotoxicity is caused by renal arteriolar vasoconstriction and ischemic injury. TMA 
can also occur in the setting of both GVHD and CNI use. The use of TBI as condi-
tioning therapy also contributes to the AKI observed after HSCT. AKI develops in 
up to 70% of patients who undergo myeloablative therapy prior to allogenic HSCT 
[57]. GVHD can present with nephrotic-range proteinuria, but other glomerulopa-
thies should still be considered. MCD, membranous nephropathy, 
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membranoproliferative glomerulonephritis (MPGN), FSGS, and IgA nephropathy 
have all been describe after HSCT and can only be diagnosed by kidney biopsy. 
Among those who require dialysis for AKI, mortality rates range from 55% to 100% 
[59, 60].

Around 15% of patients who undergo HSCT will develop CKD [57]. The pres-
ence of pre-existing CKD has previously excluded patients from receiving an 
HSCT.  However, this has changed over the years with more patients with CKD 
undergoing HSCT, especially in the setting of multiple myeloma. It is therefore 
expected that the prevalence of CKD after HSCT will only increase further in the 
future. The management of CKD after HSCT should be similar to any patient with 
CKD and proteinuria. Blood pressure control with a RAS blocker is preferred. 
Consideration should be given to stopping or switching from CNIs to an alternative 
immunosuppressive agent to prevent further kidney injury. The true incidence of 
ESRD after HSCT is unknown but is associated with poor outcomes as compared to 
ESRD from other causes [61].

�Cancer-Related Kidney Disease

�Paraprotein-Related Kidney Disease

�Classification of Paraprotein-Related Diseases

Monoclonal plasma cell disorders result from an abnormal proliferation of a clone 
of plasma cells producing excessive amounts of paraproteins which may be immu-
noglobulins (IgG, IgA, IgD, IgE, and IgM) and/or its components (κ or λ light 
chains). The range of monoclonal disorders includes premalignant diseases such as 
monoclonal gammopathy of undetermined significance (MGUS), monoclonal gam-
mopathy of renal significance (MGRS), and smoldering multiple myeloma to 
defined malignancies such as multiple myeloma (MM), Waldenström macroglobu-
linemia, or chronic lymphocytic leukemia (CLL). MGUS represents a plasma cell 
monoclonal gammopathy with a small amount of the paraprotein, specifically a 
serum monoclonal immunoglobulin <30 g/l and <10% monoclonal bone marrow 
plasma cells with no end organ damage. Multiple myeloma has a higher burden of 
either paraprotein or end organ damage, and this damage will prompt treatment. For 
example, active MM is defined after the paraprotein causes end organ damage 
mainly represented by hypercalcemia, anemia, renal disease characterized by cast 
nephropathy, and/or bone disease with lytic lesions. Smoldering MM requires a 
serum monoclonal immunoglobulin levels >30 g/l or >10% monoclonal bone mar-
row plasma cells without evidence of end organ damage. In 2012, the International 
Kidney and Monoclonal Gammopathy Research Group (IKMG) introduced the 
term MGRS after increased recognition of renal disease in patients with a low bur-
den monoclonal gammopathy. Despite the small amount of circulating protein and 
the fact that there are no other organs involved, the monoclonal gammopathy is 
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associated with monoclonal renal deposits demonstrated by immunofluorescence, 
and the presentation is different than myeloma kidney or cast nephropathy. Currently, 
MGRS is defined by a B-cell or plasma cell lymphoproliferative disease with a kid-
ney lesion related to the monoclonal gammopathy but does not cause any other 
organ damage and does not otherwise meet hematological criteria for specific ther-
apy [62]. Most of the renal diseases associated with monoclonal immunoglobulins 
will present as deposits of monoclonal immunoglobulin in a specific part of the 
glomeruli with the exception of C3 glomerulopathy and TMA that do not present 
with deposits.

�Clinical and Histological Manifestations of Renal Involvement in Plasma 
Cell Dyscrasias

A wide range of renal manifestations can occur with plasma cell disorders. As previ-
ously mentioned, renal manifestations of plasma cell dyscrasias can be classified 
according to paraprotein-dependent and paraprotein-independent mechanisms. 
Sepsis, hypercalcemia, volume depletion, contrast-induced nephropathy, tumor 
lysis, and medication toxicity (e.g., bisphosphonates) can occur, and they are inde-
pendent of the monoclonal protein burden. The most common paraprotein-related 
kidney diseases are cast nephropathy, monoclonal immunoglobulin deposition dis-
ease (MIDD), and light chain amyloidosis (AL) and account for 75% of paraprotein-
related kidney disease [63]. Other renal presentations include different 
glomerulonephritis (membranoproliferative, diffuse proliferative, crescentic, cryo-
globulinemia, IgA, minimal change, or membranous glomerulopathy), tubulointer-
stitial nephritis, immunotactoid and fibrillary glomerulopathy, and TMA.

Renal injury in MGRS results from deposition of paraproteins in the tubular and 
glomerular basement membranes. The IKMG group generally divides MGRS into 
diseases with organized or non-organized deposits on histology. The organized 
deposits can also be classified as fibrillary (immunoglobulin-related amyloidosis 
and monoclonal and fibrillary glomerulonephritis), microtubular (immunotactoid 
and cryoglobulinemic glomerulonephritis), or inclusion or crystalline deposits. The 
non-organized deposits include MIDD (including light chain deposition disease 
[LCDD] or heavy chain deposition disease [HCDD] or a combination of both) and 
proliferative glomerulonephritis with monoclonal immunoglobulin deposits. As 
mentioned, MGRS can also present without monoclonal immunoglobulin deposits 
as C3 glomerulopathy with monoclonal gammopathy and thrombotic microangi-
opathy [62].

Patients with active multiple myeloma and renal involvement frequently have 
acute kidney injury, but other clinical presentations such as different degrees of 
proteinuria including nephrotic syndrome, nephritic syndrome, rapidly progressive 
glomerulonephritis, and progressive CKD can also be seen. In contrast, renal 
involvement in MGRS tends to be more subtle, presenting as urinary abnormalities 
and mild CKD [64].
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�Multiple Myeloma

Of all the monoclonal gammopathies, multiple myeloma (MM) requires a specific 
mention due to its frequency and its common association with kidney disease. MM 
accounts for 10% of all hematologic malignancies [65]. It is incurable and is char-
acterized by treatment-responsive disease followed by relapsed and refractory dis-
ease in its treatment course. MM accounts for 20% of deaths from hematologic 
malignancies. Renal dysfunction from cast nephropathy is considered the only renal 
myeloma-defining event and can be used to make the diagnosis of MM in addition 
to the hematologic criteria. Around 50% of the patients with MM present with renal 
dysfunction at time of diagnosis with about 25% presenting with a serum creatinine 
greater than 2 mg/dl and 2–10% even requiring dialysis at presentation [66, 67]. 
Renal failure in the context of MM is one of the strongest predictors of poor out-
comes [68]. As a myeloma-defining event, renal dysfunction is defined as an eGFR 
<40 ml/min per 1.73 m2 and a definitive or presumptive diagnosis of cast nephropa-
thy [69]. Cast nephropathy, historically known as myeloma kidney, results from 
tubular injury from the excessive amounts of filtered free light chains (FLC). In the 
distal tubules, FLCs bind with Tamm-Horsfall protein resulting in cast formation 
and intratubular obstruction. This can occur abruptly with rapid development of 
oliguria. In the proximal tubule, filtered FLCs are reabsorbed via endocytosis and 
can cause direct proximal tubular injury from the accumulation and degradation of 
FLCs. Tubulointerstitial fibrosis can result from distal tubule rupture and the release 
of pro-inflammatory substances with proximal tubular injury [70]. Different para-
proteins have different affinity to Tamm-Horsfall proteins resulting in varying 
degrees in their ability to cause nephrotoxicity. Light chain myeloma accounts for 
40–50% of severe cast nephropathy. Volume depletion and markedly elevated levels 
of serum and urinary FLC are associated with increased risk of renal dysfunction. 
The proteinuria in MM is composed of Bence-Jones proteins and is not detected by 
urine dipstick, which detects urinary albumin. Spot or 24-hour urine protein collec-
tion can be sent to measure proteinuria in MM. When significant albuminuria is 
present, paraprotein-related glomerular involvement from MIDD or AL amyloido-
sis should be considered.

�Evaluation of Suspected Monoclonal Gammopathy

Serum protein electrophoresis (SPEP) and urine protein electrophoresis (UPEP) are 
used to identify monoclonal proteins. They are inexpensive tests but have poor sen-
sitivity in detecting serum FLC and may not always differentiate between poly-
clonal from monoclonal proteins. Urine electrophoresis provides differentiation 
between the urine albumin and urine paraprotein excretion which helps with diag-
nosing, prognosticating, and monitoring of response to therapy. Immunofixation 
(IF) is now routinely done and has better sensitivity in identifying the monoclonal 
protein involved. Since it is a qualitative test, it cannot be used to monitor 
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progression or partial response to treatment. The FLC immunoassay has recently 
been made available and has better precision in detecting FLC. It is used to deter-
mine the amount of serum free or unbound λ and κ chains. It is also used to deter-
mine the κ:λ free light chain ratio. In kidney dysfunction from other etiologies or in 
systemic inflammatory conditions, serum FLCs may be elevated, but the κ:λ is 
mainly preserved. The reference range of κ:λ is normally 0.2–1.65. The range can 
increase to 0.34–3.10 in patients with significant renal disease such as CKD stage 5 
or in hemodialysis patients. In paraprotein diseases, κ:λ will be abnormal, and the 
absolute value of the involved light chain will be markedly elevated to around 
100–200× of the reference range, usually >1000 mg/l. In the clinics, FLC immuno-
assays should be used to complement but not replace SPEP with IF. Due to the ease 
of performing serum assays and the rapid results of the newer FLC immunoassays, 
it may be reasonable to forgo performing a kidney biopsy to diagnose paraprotein-
related kidney disease in certain clinical settings. The risk of under-diagnosis of a 
condition that can be treated versus the risk of the kidney biopsy procedure should 
be balanced in every patient. Kidney biopsy should, however, be pursued if an alter-
native diagnosis is being entertained, especially if it may alter treatment in a patient 
with preserved eGFR. A kidney biopsy would also be the only way to definitively 
diagnose or differentiate the different kinds of MGRS. It is important to note that 
these patients may have relatively large kidneys in the setting of paraprotein deposi-
tion, and kidney size on ultrasound may not always be a reliable indicator of the 
chronicity of renal dysfunction. To determine monoclonality on the kidney deposits, 
immunofluorescence staining for κ, λ light chains, as well as IgG subclasses should 
be performed.

�Treatment of Monoclonal Gammopathies with Renal Involvement

Treatment of patients with paraprotein-related kidney disease is composed of sup-
portive care and treatment directed against the underlying malignancy or clonal cell 
involved. For cast nephropathy, volume expansion with intravenous crystalloids 
will decrease the concentration of FLC in the tubules and result in increased tubular 
flow to flush them out. Forced diuresis with loop diuretics may increase precipita-
tion and is not recommended. Initiation of dexamethasone with chemotherapy 
should be done immediately to rapidly reduce the burden of FLC in 
MM. Plasmapheresis does not provide benefit due to the large volume of distribu-
tion of light chains, and hemodialysis using high cutoff dialyzers remains contro-
versial. Definitive treatment of MM includes chemotherapy with regimens that 
include bortezomib and daratumumab and autologous stem cell transplant for those 
who are eligible for it. These can be performed even for patients with renal failure. 
Definitive treatment for MGRS will depend on the type of clonal cell identified 
producing the immunoglobulin. In general, patients with a lesser degree of renal 
dysfunction at presentation, lower urinary light chain excretion, and hypercalcemia 
are more likely to have reversible renal dysfunction. With the discovery of effective 
chemotherapeutic agents, up to 80% of patients with MM will have renal recovery 
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when early reduction in FLC levels is achieved [70]. Response to treatment and 
improvement in renal function are associated with better overall clinical out-
comes in MM.

�Leukemia and Lymphoma

Kidney infiltration by leukemia and lymphoma cells is typically asymptomatic and 
may be suspected when enlarged kidneys are seen on imagining in conjunction with 
a diagnosis of leukemia and lymphoma. In a review of autopsy findings of several 
case series, the incidence of infiltrative renal disease with lymphoma ranged from 
18% to 61% [71]. Renal injury results from a variety of mechanisms, including 
tubular compression from infiltrating cells, lysozyme overproduction, ATN, and 
intrarenal leukostasis. Treatment is directed against the underlying malignancy.

�Paraneoplastic Glomerular Disease

A variety of glomerular diseases have been associated with different cancers and are 
hypothesized to result from a paraneoplastic process. Substances like growth fac-
tors, cytokines, or hormones are secreted by cancer cells resulting in an impaired 
immune response and glomerulonephritis (GN). Paraneoplastic GN thus occurs in 
the absence of direct tumor invasion. The diagnosis of paraneoplastic GN is difficult 
to establish, especially since renal manifestations can predate or present years after 
the diagnosis of cancer. The diagnosis is only truly established if renal manifesta-
tions resolve with control of the cancer and recur with cancer recurrence. Detection 
of tumor antigens or antitumor antibodies in immune deposits on renal biopsy will 
also support the diagnosis of paraneoplastic GN. Many patients are asymptomatic 
from their cancer at the time of renal diagnosis, and this frequently predates their 
cancer diagnosis, emphasizing the need for a high index of suspicion and a thorough 
cancer workup in the appropriate context.

Membranous nephropathy (MN) is the most common glomerular pathology 
associated with cancer. In a series of 240 biopsy-proven MN, the largest to date, 
around 10% of patients had a diagnosis of cancer [72]. MN has been reported in a 
wide range of cancers including solid tumors like lung, colon, prostate, gastric, 
breast, and renal cancer as well as hematologic malignancies like AML and 
CML. Proteinuria can predate the diagnosis of cancer, commonly by a year, but can 
be delayed by up to 10 years after renal biopsy. The likelihood of MN being second-
ary to cancer increases with age >65 years and >20 pack per day smoking history. 
Unlike primary MN, antibodies against PLA2R are usually absent in paraneoplastic 
MN, and IgG1 and IgG2 immune deposits are more prominent. MCD is commonly 
associated with Hodgkin’s lymphoma and has also been described in lung, colon, 
and renal cancer. VEGF is hypothesized to be one factor that may be contributing to 
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the development of MCD with certain cancers due to its ability to increase renal 
glomerular permeability [73]. MPGN, IgA nephropathy, FSGS, and rapidly pro-
gressive GN have all been described associated with cancer. Treatment of paraneo-
plastic GN is focused on treating the underlying malignancy. It is important, 
however, to remember that primary and other secondary GNs may coexist with 
paraneoplastic GNs which may require separate therapy.

�Urinary Tract Obstruction

Urinary obstruction can occur from urologic (bladder or prostate) or non-urologic 
cancers that cause compression or invasion of the urinary tract. Hydronephrosis is 
usually seen on renal ultrasound, although patients with retroperitoneal tumors or 
fibrosis causing ureteral obstruction may need more invasive testing. Malignant dis-
semination to three or more sites, severe hydronephrosis, and a low serum albumin 
(<3 mg/dl) were factors associated with lower survival among patients requiring 
urinary diversion. The predicted 6-month survival of patients with 2–3 of these risk 
factors was only 2% compared to 70% in patients with none [74]. The reported 
median survival after urinary diversion was around 3–6 months, and around 40–50% 
will experience complications related to the diversion [75]. In general, overall sur-
vival of patients with malignant ureteral obstruction is poor, without even account-
ing for the severity of post-renal AKI. Close communication between the medical 
team and urology is necessary.

�Renal Cell Carcinoma

The incidence of renal cell carcinoma (RCC) has been increasing through the years 
and accounts for around 4% of new cases of cancer and 2% of all cancer deaths [1]. 
The increase may be due to improved detection as half of the cases are diagnosed as 
incidental findings on imaging. The majority of patients with RCC are asymptom-
atic with less than 10% of patients reporting the classic triad of hematuria, flank 
pain, and a palpable abdominal mass. RCC can be associated with production of 
erythropoietin and parathyroid-related protein and can result in erythrocytosis and 
hypercalcemia, respectively. Contrast-enhanced CT scan (CECT) and MRI have 
better sensitivity to detecting malignant lesions as compared to regular ultrasound. 
Contrast-enhanced ultrasound (CEUS) has the advantage of not using iodinated 
contrast, which may benefit patients with moderate to severe CKD. A recent meta-
analysis reported that CEUS was at the least equally sensitive to CECT in the diag-
nosis of renal masses [76]. The Bosniak classification categorizes renal cystic 
masses according to their likelihood of being malignant. Features suggestive of 
malignancy include heterogeneity, thick and irregular septations and borders, and 
contrast-enhancing nodules. Larger tumors have a higher chance of being malignant 
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especially if >7 cm [77]. Those that are indeterminate (Class III) or presumed to be 
malignant (Class IV) require surgical exploration. Historically, clinicians have shied 
away from pursuing biopsy of renal masses due to fear of percutaneous seeding and 
bleeding complications. More recently, biopsy has been increasingly performed 
especially in cases that with inconclusive imaging findings or in high-risk surgical 
candidates.

The 5-year survival of patients with localized RCC is around 80–90% [78]. 
Trends in surgical management have changed through the years. Nephron-sparing 
surgery or partial nephrectomy is now preferred for masses <7 cm and result in a 
slower decline in eGFR during long-term monitoring. Radical nephrectomy is 
reserved for masses >7  cm and/or with signs of local invasion. Radiofrequency 
ablation and cryosurgery are options for small localized masses less than 4 cm and 
for those who are high-risk surgical candidates. Around 20% of patients present 
with metastasis, and the 5-year survival for those with distant metastasis is around 
12%. ICPI and VEGF inhibitors are now the preferred agents for adjunctive therapy 
for those with advanced or metastatic RCC.

�CKD, ESRD, and Cancer

The epidemiological interaction of CKD, ESRD, and cancer is complex. CKD and 
ESRD carry a higher risk of developing cancer [79]. CKD and ESRD on dialysis are 
associated with a higher incidence of lip, thyroid, renal cell, and urinary tract can-
cers. ESRD patients who received a transplant are at a higher risk of immune-
mediated or infection-associated cancers like lymphomas. Even more interesting, 
incident dialysis by itself carries a worse 5-year survival than common cancers like 
breast, prostate, and colorectal cancer. Meanwhile, for patients with existing cancer, 
cancer-related mortality is higher in patients with ESRD [78]. Despite this, there is 
a paucity of data on safety and efficacy of anticancer therapy in patients with 
reduced renal function as up to 75% of ongoing clinical trials in cancer exclude 
patients with reduced renal function [4]. This conundrum poses a challenge to the 
clinician in terms of the cost-effectiveness of cancer surveillance, diagnosis, and 
treatment of cancers in advanced CKD or ESRD.

References

	 1.	Cancer of Any Site  — Cancer Stat Facts. https://seer.cancer.gov/statfacts/html/all.html. 
Accessed 24 Aug 2020.

	 2.	CKD Evaluation and Management  – KDIGO. https://kdigo.org/guidelines/ckd-evaluation-
and-management/. Accessed 24 Aug 2020.

	 3.	Casal MA, Nolin TD, Beumer JH. Estimation of kidney function in oncology implications for 
anticancer drug selection and dosing. Clin J Am Soc Nephrol. 2019;14(4):587–95. https://doi.
org/10.2215/CJN.11721018.

11  Onconephrology

https://seer.cancer.gov/statfacts/html/all.html
https://kdigo.org/guidelines/ckd-evaluation-and-management/
https://kdigo.org/guidelines/ckd-evaluation-and-management/
https://doi.org/10.2215/CJN.11721018
https://doi.org/10.2215/CJN.11721018


206

	 4.	Cohen EP, Krzesinski JM, Launay-Vacher V, Sprangers B. Onco-nephrology: core curriculum 
2015. Am J Kidney Dis. 2015;66(5):869–83. https://doi.org/10.1053/j.ajkd.2015.04.042.

	 5.	 Janowitz T, Williams EH, Marshall A, et al. New model for estimating glomerular filtration 
rate in patients with cancer. J Clin Oncol. 2017;35(24):2798–805. https://doi.org/10.1200/
JCO.2017.72.7578.

	 6.	Mulaomerović A, Halilbašić A, Čičkušić E, Zavašnik-Bergant T, Begić L, Kos J. Cystatin C 
as a potential marker for relapse in patients with non-Hodgkin B-cell lymphoma. Cancer Lett. 
2007;248(2):192–7. https://doi.org/10.1016/j.canlet.2006.07.004.

	 7.	Schardijn GHC, Statius Van Eps LW. β 2 -microglobulin: its significance in the evaluation of 
renal function. Kidney Int. 1987;32(5):635–41. https://doi.org/10.1038/ki.1987.255.

	 8.	Christiansen CF, Johansen MB, Langeberg WJ, Fryzek JP, Sørensen HT. Incidence of acute 
kidney injury in cancer patients: a Danish population-based cohort study. Eur J Intern Med. 
2011;22(4):399–406. https://doi.org/10.1016/j.ejim.2011.05.005.

	 9.	Salahudeen AK, Doshi SM, Pawar T, Nowshad G, Lahoti A, Shah P. Incidence rate, clinical 
correlates, and outcomes of AKI in patients admitted to a comprehensive cancer center. Clin J 
Am Soc Nephrol. 2013;8(3):347–54. https://doi.org/10.2215/CJN.03530412.

	10.	Lahoti A, Nates JL, Wakefield CD, Price KJ, Salahudeen AK. Costs and outcomes of acute 
kidney injury in critically ill patients with cancer. J Support Oncol. 2011;9(4):149–55. https://
doi.org/10.1016/j.suponc.2011.03.008.

	11.	Libório AB, Abreu KLS, Silva GB, et al. Predicting hospital mortality in critically ill cancer 
patients according to acute kidney injury severity. Oncology. 2011;80(3-4):160–6. https://doi.
org/10.1159/000329042.

	12.	Soares M, Salluh JIF, Carvalho MS, Darmon M, Rocco JR, Spector N. Prognosis of criti-
cally ill patients with cancer and acute renal dysfunction. J Clin Oncol. 2006;24(24):4003–10. 
https://doi.org/10.1200/JCO.2006.05.7869.

	13.	Coiffier B, Altman A, Pui CH, Younes A, Cairo MS. Guidelines for the management of pediatric 
and adult tumor lysis syndrome: an evidence-based review. J Clin Oncol. 2008;26(16):2767–78. 
https://doi.org/10.1200/JCO.2007.15.0177.

	14.	Perry Wilson F, Berns JS. Onco-nephrology: tumor lysis syndrome. Clin J Am Soc Nephrol. 
2012;7(10):1730–9. https://doi.org/10.2215/CJN.03150312.

	15.	Cairo MS, Coiffier B, Reiter A, Younes A. Recommendations for the evaluation of risk and 
prophylaxis of tumour lysis syndrome (TLS) in adults and children with malignant dis-
eases: an expert TLS panel consensus. Br J Haematol. 2010;149(4):578–86. https://doi.
org/10.1111/j.1365-2141.2010.08143.x.

	16.	Belay Y, Yirdaw K, Enawgaw B. Tumor lysis syndrome in patients with hematological malig-
nancies. J Oncol. 2017; https://doi.org/10.1155/2017/9684909.

	17.	Howard SC, Jones DP, Pui CH.  The tumor lysis syndrome. N Engl J Med. 2011;364(19): 
1844–54. https://doi.org/10.1056/NEJMra0904569.

	18.	Jones GL, Will A, Jackson GH, Webb NJA, Rule S, on Behalf of the British Committee for 
Standards in Haematology. Guidelines for the management of tumour lysis syndrome in adults 
and children with haematological malignancies on behalf of the British Committee for Standards 
in Haematology. Br J Haematol. 2015;169(5):661–71. https://doi.org/10.1111/bjh.13403.

	19.	Darmon M, Guichard I, Vincent F, Schlemmer B, Azoulay L. Prognostic significance of acute 
renal injury in acute tumor lysis syndrome. Leuk Lymphoma. 2010;51(2):221–7. https://doi.
org/10.3109/10428190903456959.

	20.	Małyszko J, Kozłowska K, Kozłowski L, Małyszko J. Nephrotoxicity of anticancer treatment. 
Nephrol Dial Transplant. 2017;32(6):924–36. https://doi.org/10.1093/ndt/gfw338.

	21.	Latcha S, Jaimes EA, Patil S, Glezerman IG, Mehta S, Flombaum CD.  Long-term renal 
outcomes after cisplatin treatment. Clin J Am Soc Nephrol. 2016;11(7):1173–9. https://doi.
org/10.2215/CJN.08070715.

	22.	Kemp G, Rose P, Lurain J, et  al. Amifostine pretreatment for protection against 
cyclophosphamide-induced and cisplatin-induced toxicities: results of a randomized control 
trial in patients with advanced ovarian cancer. J Clin Oncol. 1996;14(7):2101–12. https://doi.
org/10.1200/JCO.1996.14.7.2101.

M. P. Martinez Cantarin and C. Mejia

https://doi.org/10.1053/j.ajkd.2015.04.042
https://doi.org/10.1200/JCO.2017.72.7578
https://doi.org/10.1200/JCO.2017.72.7578
https://doi.org/10.1016/j.canlet.2006.07.004
https://doi.org/10.1038/ki.1987.255
https://doi.org/10.1016/j.ejim.2011.05.005
https://doi.org/10.2215/CJN.03530412
https://doi.org/10.1016/j.suponc.2011.03.008
https://doi.org/10.1016/j.suponc.2011.03.008
https://doi.org/10.1159/000329042
https://doi.org/10.1159/000329042
https://doi.org/10.1200/JCO.2006.05.7869
https://doi.org/10.1200/JCO.2007.15.0177
https://doi.org/10.2215/CJN.03150312
https://doi.org/10.1111/j.1365-2141.2010.08143.x
https://doi.org/10.1111/j.1365-2141.2010.08143.x
https://doi.org/10.1155/2017/9684909
https://doi.org/10.1056/NEJMra0904569
https://doi.org/10.1111/bjh.13403
https://doi.org/10.3109/10428190903456959
https://doi.org/10.3109/10428190903456959
https://doi.org/10.1093/ndt/gfw338
https://doi.org/10.2215/CJN.08070715
https://doi.org/10.2215/CJN.08070715
https://doi.org/10.1200/JCO.1996.14.7.2101
https://doi.org/10.1200/JCO.1996.14.7.2101


207

	23.	Siegert W, Beyer J, Strohscheer I, et al. High-dose treatment with carboplatin, etoposide, and 
ifosfamide followed by autologous stem-cell transplantation in relapsed or refractory germ 
cell cancer: a phase I/II study. J Clin Oncol. 1994;12(6):1223–31. https://doi.org/10.1200/
JCO.1994.12.6.1223.

	24.	Reece PA, Stafford I, Russell J, Khan M, Gill PG. Creatinine clearance as a predictor of ultra-
filterable platinum disposition in cancer patients treated with cisplatin: relationship between 
peak ultrafilterable platinum plasma levels and nephrotoxicity. J Clin Oncol. 1987;5(2):304–9. 
https://doi.org/10.1200/JCO.1987.5.2.304.

	25.	Widemann BC, Balis FM, Kempf-Bielack B, et  al. High-dose methotrexate-induced neph-
rotoxicity in patients with osteosarcoma: incidence, treatment, and outcome. Cancer. 
2004;100(10):2222–32. https://doi.org/10.1002/cncr.20255.

	26.	Perazella MA. Onco-nephrology: renal toxicities of chemotherapeutic agents. Clin J Am Soc 
Nephrol. 2012;7(10):1713–21. https://doi.org/10.2215/CJN.02780312.

	27.	Howard SC, McCormick J, Pui C, Buddington RK, Harvey RD. Preventing and managing tox-
icities of high-dose methotrexate. Oncologist. 2016;21(12):1471–82. https://doi.org/10.1634/
theoncologist.2015-0164.

	28.	Widemann BC, Schwartz S, Jayaprakash N, et al. Efficacy of glucarpidase (carboxypeptidase 
G2) in patients with acute kidney injury after high-dose methotrexate therapy. Pharmacotherapy. 
2014;34(5):427–39. https://doi.org/10.1002/phar.1360.

	29.	Widemann BC, Balis FM, Murphy RF, et al. Carboxypeptidase-G2, thymidine, and leucov-
orin rescue in cancer patients with methotrexate-induced renal dysfunction. J Clin Oncol. 
1997;15(5):2125–34. https://doi.org/10.1200/JCO.1997.15.5.2125.

	30.	Stavroulopoulos A, Nakopoulou L, Xydakis AM, Aresti V, Nikolakopoulou A, Klouvas 
G.  Interstitial nephritis and nephrogenic diabetes insipidus in a patient treated with peme-
trexed. Ren Fail. 2010;32(8):1000–4. https://doi.org/10.3109/0886022X.2010.501930.

	31.	Glezerman IG, Pietanza MC, Miller V, Seshan SV.  Kidney tubular toxicity of mainte-
nance pemetrexed therapy. Am J Kidney Dis. 2011;58(5):817–20. https://doi.org/10.1053/j.
ajkd.2011.04.030.

	32.	Michels J, Spano JP, Brocheriou I, Deray G, Khayat D, Izzedine H. Acute tubular necrosis and 
interstitial nephritis during pemetrexed therapy. Case Rep Oncol. 2009;2(1):53–6. https://doi.
org/10.1159/000208377.

	33.	Glezerman IG, Jaimes EA. Chemotherapy and kidney injury. Am Soc Nephrol. 2016:1–10. 
https://www.asn-online.org/education/distancelearning/curricula/onco/Chapter11.pdf

	34.	Schallreuter KU, Gleason FK, Wood JM. The mechanism of action of the nitrosourea anti-
tumor drugs on thioredoxin reductase, glutathione reductase and ribonucleotide reductase. 
Biochim Biophys Acta. 1990;1054(1):14–20. https://doi.org/10.1016/0167-4889(90)90199-N.

	35.	Morris A, Warenius HM, Tobin M.  Forced diuresis to reduce nephrotoxicity of strep-
tozotocin in the treatment of advanced metastatic insulinoma. Br Med J (Clin Res Ed). 
1987;294(6580):1128. https://doi.org/10.1136/bmj.294.6580.1128.

	36.	Blake-Haskins JA, Lechleider RJ, Kreitman RJ. Thrombotic microangiopathy with targeted 
cancer agents. Clin Cancer Res. 2011;17(18):5858–66. https://doi.org/10.1158/1078-0432.
CCR-11-0804.

	37.	Humphreys BD, Sharman JP, Henderson JM, et al. Gemcitabine-associated thrombotic micro-
angiopathy. Cancer. 2004;100(12):2664–70. https://doi.org/10.1002/cncr.20290.

	38.	Fung MC, Storniolo AM, Nguyen B, Arning M, Brookfield W, Vigil J. A review of hemolytic 
uremic syndrome in patients treated with gemcitabine therapy. Cancer. 1999;85(9):2023–32. 
https://doi.org/10.1002/(SICI)1097-0142(19990501)85:9<2023::AID-CNCR21>3.0.CO;2-2.

	39.	 Izzedine H, Isnard-Bagnis C, Launay-Vacher V, et al. Gemcitabine-induced thrombotic micro-
angiopathy: a systematic review. Nephrol Dial Transplant. 2006;21(11):3038–45. https://doi.
org/10.1093/ndt/gfl507.

	40.	Eremina V, Jefferson JA, Kowalewska J, et al. VEGF inhibition and renal thrombotic microan-
giopathy. N Engl J Med. 2008;358(11):1129–36. https://doi.org/10.1056/NEJMoa0707330.

	41.	Nussbaum EZ, Perazella MA. Update on the nephrotoxicity of novel anticancer agents. Clin 
Nephrol. 2018;89(3):149–65. https://doi.org/10.5414/CN109371.

11  Onconephrology

https://doi.org/10.1200/JCO.1994.12.6.1223
https://doi.org/10.1200/JCO.1994.12.6.1223
https://doi.org/10.1200/JCO.1987.5.2.304
https://doi.org/10.1002/cncr.20255
https://doi.org/10.2215/CJN.02780312
https://doi.org/10.1634/theoncologist.2015-0164
https://doi.org/10.1634/theoncologist.2015-0164
https://doi.org/10.1002/phar.1360
https://doi.org/10.1200/JCO.1997.15.5.2125
https://doi.org/10.3109/0886022X.2010.501930
https://doi.org/10.1053/j.ajkd.2011.04.030
https://doi.org/10.1053/j.ajkd.2011.04.030
https://doi.org/10.1159/000208377
https://doi.org/10.1159/000208377
https://www.asn-online.org/education/distancelearning/curricula/onco/Chapter11.pdf
https://doi.org/10.1016/0167-4889(90)90199-N
https://doi.org/10.1136/bmj.294.6580.1128
https://doi.org/10.1158/1078-0432.CCR-11-0804
https://doi.org/10.1158/1078-0432.CCR-11-0804
https://doi.org/10.1002/cncr.20290
https://doi.org/10.1002/(SICI)1097-0142(19990501)85:9<2023::AID-CNCR21>3.0.CO;2-2
https://doi.org/10.1093/ndt/gfl507
https://doi.org/10.1093/ndt/gfl507
https://doi.org/10.1056/NEJMoa0707330
https://doi.org/10.5414/CN109371


208

	42.	Halimi J-M, Azizi M, Bobrie G, et al. Author’s personal copy vascular and renal effects of anti-
angiogenic therapy Author’s personal copy.  https://doi.org/10.1016/j.nephro.2008.10.002.

	43.	Capasso A, Benigni A, Capitanio U, et al. Summary of the International Conference on Onco-
Nephrology: an emerging field in medicine. Kidney Int. 2019;96(3):555–67. https://doi.
org/10.1016/j.kint.2019.04.043.

	44.	 Izzedine H, Escudier B, Lhomme C, et al. Kidney diseases associated with anti-vascular endo-
thelial growth factor (VEGF): an 8-year observational study at a single center. Med (United 
States). 2014;93(24):333–9. https://doi.org/10.1097/MD.0000000000000207.

	45.	Salahudeen AK, Bonventre JV. Onconephrology: the latest frontier in the war against kidney 
disease. J Am Soc Nephrol. 2013;24(1):26–30. https://doi.org/10.1681/ASN.2012070690.

	46.	Brosnan EM, Weickhardt AJ, Lu X, et  al. Drug-induced reduction in estimated glomerular 
filtration rate in patients with ALK-positive non-small cell lung cancer treated with the ALK 
inhibitor crizotinib. Cancer. 2014;120(5):664–74. https://doi.org/10.1002/cncr.28478.

	47.	Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and anti-CTLA-4 therapies in cancer: mecha-
nisms of action, efficacy, and limitations. Front Oncol. 2018;8(MAR) https://doi.org/10.3389/
fonc.2018.00086.

	48.	Gupta S, Cortazar FB, Riella LV, Leaf DE.  Immune checkpoint inhibitor nephrotoxicity: 
update 2020. Kidney360. 2020;1(2):130–40. https://doi.org/10.34067/kid.0000852019.

	49.	Seethapathy H, Zhao S, Chute DF, et  al. The incidence, causes, and risk factors of acute 
kidney injury in patients receiving immune checkpoint inhibitors. Clin J Am Soc Nephrol. 
2019;14(12):1692–700. https://doi.org/10.2215/CJN.00990119.

	50.	Cortazar FB, Kibbelaar ZA, Glezerman IG, et  al. Clinical features and outcomes of 
immune checkpoint inhibitor-associated AKI: a multicenter study. J Am Soc Nephrol. 
2020;31(2):435–46. https://doi.org/10.1681/ASN.2019070676.

	51.	Thompson JA.  New NCCN guidelines: recognition and management of immunotherapy-
related toxicity. J Natl Compr Canc Netw. 2018;16:594–6. Harborside Press. https://doi.
org/10.6004/jnccn.2018.0047.

	52.	Brahmer JR, Lacchetti C, Schneider BJ, et  al. Management of immune-related adverse 
events in patients treated with immune checkpoint inhibitor therapy: American society of 
clinical oncology clinical practice guideline. J Clin Oncol. 2018;36(17):1714–68. https://doi.
org/10.1200/JCO.2017.77.6385.

	53.	Venkatachalam K, Malone AF, Heady B, Santos RD, Alhamad T. Poor outcomes with the use 
of checkpoint inhibitors in kidney transplant recipients. Transplantation. 2020;104(5):1041–7. 
https://doi.org/10.1097/TP.0000000000002914.

	54.	Jhaveri KD, Rosner MH.  Chimeric antigen receptor T cell therapy and the kidney: what 
the nephrologist needs to know. Clin J Am Soc Nephrol. 2018;13(5):796–8. https://doi.
org/10.2215/CJN.12871117.

	55.	Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen receptor T cells: recognition and 
management. Blood. 2016;127(26):3321–30. https://doi.org/10.1182/blood-2016-04-703751.

	56.	Cohen EP, Robbins MEC. Radiation nephropathy. Semin Nephrol. 2003;23(5):486–99. https://
doi.org/10.1016/S0270-9295(03)00093-7.

	57.	Cohen EP, Pais P, Moulder JE. Chronic kidney disease after hematopoietic stem cell transplan-
tation. Semin Nephrol. 2010;30(6):627–34. https://doi.org/10.1016/j.semnephrol.2010.09.010.

	58.	Hingorani S.  Renal complications of hematopoietic-cell transplantation. N Engl J Med. 
2016;374(23):2256–67. https://doi.org/10.1056/NEJMra1404711.

	59.	Satwani P, Bavishi S, Jin Z, et al. Risk factors associated with kidney injury and the impact 
of kidney injury on overall survival in pediatric recipients following allogeneic stem cell 
transplant. Biol Blood Marrow Transplant. 2011;17(10):1472–80. https://doi.org/10.1016/j.
bbmt.2011.02.006.

	60.	Flores FX, Brophy PD, Symons JM, et  al. Continuous renal replacement therapy (CRRT) 
after stem cell transplantation. A report from the prospective pediatric CRRT Registry Group. 
Pediatr Nephrol. 2008;23(4):625–30. https://doi.org/10.1007/s00467-007-0672-2.

	61.	Cohen EP, Piering WF, Kabler-Babbitt C, Moulder JE. End-stage renal disease (ESRD) after 
bone marrow transplantation: poor survival compared to other causes of ESRD.  Nephron. 
1998;79(4):408–12. https://doi.org/10.1159/000045085.

M. P. Martinez Cantarin and C. Mejia

https://doi.org/10.1016/j.nephro.2008.10.002
https://doi.org/10.1016/j.kint.2019.04.043
https://doi.org/10.1016/j.kint.2019.04.043
https://doi.org/10.1097/MD.0000000000000207
https://doi.org/10.1681/ASN.2012070690
https://doi.org/10.1002/cncr.28478
https://doi.org/10.3389/fonc.2018.00086
https://doi.org/10.3389/fonc.2018.00086
https://doi.org/10.34067/kid.0000852019
https://doi.org/10.2215/CJN.00990119
https://doi.org/10.1681/ASN.2019070676
https://doi.org/10.6004/jnccn.2018.0047
https://doi.org/10.6004/jnccn.2018.0047
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1097/TP.0000000000002914
https://doi.org/10.2215/CJN.12871117
https://doi.org/10.2215/CJN.12871117
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1016/S0270-9295(03)00093-7
https://doi.org/10.1016/S0270-9295(03)00093-7
https://doi.org/10.1016/j.semnephrol.2010.09.010
https://doi.org/10.1056/NEJMra1404711
https://doi.org/10.1016/j.bbmt.2011.02.006
https://doi.org/10.1016/j.bbmt.2011.02.006
https://doi.org/10.1007/s00467-007-0672-2
https://doi.org/10.1159/000045085


209

	62.	Leung N, Bridoux F, Batuman V, et al. The evaluation of monoclonal gammopathy of renal signif-
icance: a consensus report of the International Kidney and Monoclonal Gammopathy Research 
Group. Nat Rev Nephrol. 2019;15(1):45–59. https://doi.org/10.1038/s41581-018-0077-4.

	63.	Nasr SH, Valeri AM, Sethi S, et al. Clinicopathologic correlations in multiple myeloma: a case 
series of 190 patients with kidney biopsies. Am J Kidney Dis. 2012;59(6):786–94. https://doi.
org/10.1053/j.ajkd.2011.12.028.

	64.	Sethi S, Rajkumar SV, D’Agati VD. The complexity and heterogeneity of monoclonal immu-
noglobulin–associated renal diseases. J Am Soc Nephrol. 2018;29(7):1810–23. https://doi.
org/10.1681/ASN.2017121319.

	65.	Palumbo A, Anderson K. Multiple myeloma. N Engl J Med. 2011;364(11):1046–60. https://
doi.org/10.1056/NEJMra1011442.

	66.	Kyle RA, Gertz MA, Witzig TE, et al. Review of 1027 patients with newly diagnosed multiple 
myeloma. Mayo Clin Proc. 2003;78(1):21–33. https://doi.org/10.4065/78.1.21.

	67.	Winearls CG.  Acute myeloma kidney. Kidney Int. 1995;48:1347–61. Nature Publishing 
Group. https://doi.org/10.1038/ki.1995.421.

	68.	Sathick IJ, Drosou ME, Leung N. Myeloma light chain cast nephropathy, a review. J Nephrol. 
2019;32(2):189–98. https://doi.org/10.1007/s40620-018-0492-4.

	69.	Rajkumar SV, Dimopoulos MA, Palumbo A, et  al. International Myeloma Working Group 
updated criteria for the diagnosis of multiple myeloma. Lancet Oncol. 2014;15(12):e538–48. 
https://doi.org/10.1016/S1470-2045(14)70442-5.

	70.	Hutchison CA, Batuman V, Behrens J, et  al. The pathogenesis and diagnosis of acute kid-
ney injury in multiple myeloma. Nat Rev Nephrol. 2012;8(1):43–51. https://doi.org/10.1038/
nrneph.2011.168.

	71.	Richmond J, Sherman RS, Diamond HD, Craver LF. Renal lesions associated with malignant 
lymphomas. Am J Med. 1962;32(2):184–207. https://doi.org/10.1016/0002-9343(62)90289-9.

	72.	Lefaucheur C, Stengel B, Nochy D, et al. Membranous nephropathy and cancer: epidemiologic 
evidence and determinants of high-risk cancer association. Kidney Int. 2006;70(8):1510–7. 
https://doi.org/10.1038/sj.ki.5001790.

	73.	Lien YHH, Lai LW. Pathogenesis, diagnosis and management of paraneoplastic glomerulone-
phritis. Nat Rev Nephrol. 2011;7(2):85–95. https://doi.org/10.1038/nrneph.2010.171.

	74.	 Ishioka J, Kageyama Y, Inoue M, Higashi Y, Kihara K. Prognostic model for predicting sur-
vival after palliative urinary diversion for ureteral obstruction: analysis of 140 cases. J Urol. 
2008;180(2):618–21. https://doi.org/10.1016/j.juro.2008.04.011.

	75.	Wong L-M, Cleeve LK, Milner AD, Pitman AG. Malignant ureteral obstruction: outcomes after 
intervention. Have things changed? J Urol. 2007;178(1):178–83. https://doi.org/10.1016/j.
juro.2007.03.026.

	76.	Furrer MA, Spycher SCJ, Büttiker SM, et  al. Comparison of the diagnostic performance 
of contrast-enhanced ultrasound with that of contrast-enhanced computed tomography and 
contrast-enhanced magnetic resonance imaging in the evaluation of renal masses: a systematic 
review and meta-analysis. Eur Urol Oncol. 2019; https://doi.org/10.1016/j.euo.2019.08.013.

	77.	Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. Solid renal tumors: an 
analysis of pathological features related to tumor size. J Urol. 2003;170(6 I):2217–20. https://
doi.org/10.1097/01.ju.0000095475.12515.5e.

	78.	Yanik EL, Clarke CA, Snyder JJ, Pfeiffer RM, Engels EA.  Variation in cancer incidence 
among patients with esrd during kidney function and nonfunction intervals. J Am Soc Nephrol. 
2016;27(5):1495–504. https://doi.org/10.1681/ASN.2015040373.

	79.	Maisonneuve P, Agodoa L, Gellert R, et  al. Cancer in patients on dialysis for end-stage 
renal disease: an international collaborative study. Lancet. 1999;354(9173):93–9. https://doi.
org/10.1016/S0140-6736(99)06154-1.

11  Onconephrology

https://doi.org/10.1038/s41581-018-0077-4
https://doi.org/10.1053/j.ajkd.2011.12.028
https://doi.org/10.1053/j.ajkd.2011.12.028
https://doi.org/10.1681/ASN.2017121319
https://doi.org/10.1681/ASN.2017121319
https://doi.org/10.1056/NEJMra1011442
https://doi.org/10.1056/NEJMra1011442
https://doi.org/10.4065/78.1.21
https://doi.org/10.1038/ki.1995.421
https://doi.org/10.1007/s40620-018-0492-4
https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1038/nrneph.2011.168
https://doi.org/10.1038/nrneph.2011.168
https://doi.org/10.1016/0002-9343(62)90289-9
https://doi.org/10.1038/sj.ki.5001790
https://doi.org/10.1038/nrneph.2010.171
https://doi.org/10.1016/j.juro.2008.04.011
https://doi.org/10.1016/j.juro.2007.03.026
https://doi.org/10.1016/j.juro.2007.03.026
https://doi.org/10.1016/j.euo.2019.08.013
https://doi.org/10.1097/01.ju.0000095475.12515.5e
https://doi.org/10.1097/01.ju.0000095475.12515.5e
https://doi.org/10.1681/ASN.2015040373
https://doi.org/10.1016/S0140-6736(99)06154-1
https://doi.org/10.1016/S0140-6736(99)06154-1

	Chapter 11: Onconephrology
	Introduction
	Assessment of Kidney Function in Cancer Patients
	Acute Kidney Injury in Cancer Patients
	Tumor Lysis Syndrome

	Therapy-Related Acute Kidney Injury
	Traditional Chemotherapeutic Agents
	Platinum Salts
	Methotrexate and Pemetrexed
	Ifosfamide and Cyclophosphamide
	Nitrosoureas
	Gemcitabine and Mitomycin C

	Targeted Therapy
	Vascular Endothelial Growth Factor (VEGF) Inhibitors
	BRAF Inhibitors
	Anaplastic Lymphoma Kinase (ALK) Inhibitors
	Proteasome Inhibitors

	Immunotherapy
	Immune Checkpoint Inhibitors (ICPI)
	Chimeric Antigen Receptor T-Cell (CAR-T) Therapy

	Radiation Nephropathy
	Hematopoietic Stem Cell Transplantation (HSCT)

	Cancer-Related Kidney Disease
	Paraprotein-Related Kidney Disease
	Classification of Paraprotein-Related Diseases
	Clinical and Histological Manifestations of Renal Involvement in Plasma Cell Dyscrasias
	Multiple Myeloma
	Evaluation of Suspected Monoclonal Gammopathy
	Treatment of Monoclonal Gammopathies with Renal Involvement

	Leukemia and Lymphoma
	Paraneoplastic Glomerular Disease
	Urinary Tract Obstruction
	Renal Cell Carcinoma

	CKD, ESRD, and Cancer
	References


