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Purpose of review

Cancer therapies continue to evolve at a rapid pace and although novel treatments, including
immunotherapies and targeted therapies have allowed for substantial improvements in cancer survival, they
carry associated risks of acute kidney injury (AKI). We aim to summarize the existing literature on AKI
associated with the spectrum of systemic cancer treatments, including conventional chemotherapies, newer
immunotherapies, and the growing number of targeted cancer therapies, which may be associated with
both AKI and ‘pseudo-AKI’.

Recent findings

Conventional cytotoxic chemotherapies (e.g. cisplatin and other platinum-based agents, methotrexate,
pemetrexed, ifosfamide, etc.) with well recognized nephrotoxicities (predominantly tubulointerstitial injury)
remain in widespread use. Immunotherapies (e.g., immune checkpoint inhibitors and CAR-T therapies) may
be associated with kidney immune-related adverse events, most often acute interstitial nephritis, and rarely,
glomerular disease. Recently, multiple targeted cancer therapies have been associated with reduced renal
tubular secretion of creatinine, causing elevations in serum creatinine and apparent ‘pseudo-AKI’. To
complicate matters further, these agents have had biopsy-proven, ‘true’ kidney injury attributed to them in
numerous case reports.

Summary

Clinicians in nephrology and oncology must be aware of the various potential kidney risks with these
agents and recognize those with clinically meaningful impact on both cancer and kidney outcomes.
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INTRODUCTION

Patients with cancer are at high risk of both disease-
related and iatrogenic causes of acute kidney injury
(AKI), including those caused by cancer drugs.
Approximately 9–18% of patients initiating sys-
temic therapies for cancer may experience AKI
[1,2]. In patients with cancer, AKI and subsequent
changes in kidney function may lead to ineligibility
for treatments, delays and dose reductions in ther-
apy and exclusions from clinical trials. All of this, in
turn, may lead to worse cancer outcomes, including
mortality. As such, appropriate prevention, recog-
nition and management of AKI in this population is
crucial to patient outcomes. In this review, we aim
to summarize the existing literature on AKI associ-
ated with the spectrum of systemic cancer treat-
ments, including conventional chemotherapies,
newer immunotherapies and the growing number
of targeted cancer therapies, which may be associ-
ated with both AKI and ‘pseudo-AKI’.
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CONVENTIONAL CHEMOTHERAPY

Oncology treatment regimens have changed greatly
in recent years with the development and increased
use of targeted therapies and of immune therapies,
but the use of more conventional cytotoxic chemo-
therapy treatments is still widespread, and in some
malignancies, conventional chemotherapy remains
at the forefront.Wewill briefly discuss some of these
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KEY POINTS

� Novel anticancer therapies including immunotherapies
and targeted treatments have improved survival
outcomes; they also carry the risk of newly recognized
forms of AKI (which may involve various compartments
of the kidney).

� Conventional cytotoxic chemotherapies remain front-line
treatment options for many malignancies and are
associated with frequent nephrotoxicity, most commonly
tubulointerstitial injury (e.g., cisplatin and other
platinum-based agents, methotrexate, pemetrexed,
ifosfamide, etc.)

� Immunotherapies (e.g., immune checkpoint inhibitors),
may be associated with kidney immune-related adverse
events, most often acute interstitial nephritis, and rarely,
glomerular disease.

� Multiple targeted cancer therapies have been
associated with reduced renal tubular secretion of
creatinine, causing elevations in serum creatinine and
apparent ‘pseudo-AKI’ [e.g. anaplastic lymphoma
kinase tyrosine kinase inhibitors (TKIs), cyclin-dependent
kinase (CDK) 4/6 inhibitors, poly ADP ribose
polymerase (PARP) inhibitors, among others].

� Clinicians in nephrology and oncology should
recognize various potential kidney lesions with these
therapies, and discern those with clinically meaningful
impact on kidney and cancer outcomes.

FIGURE 1. Nephrotoxicities and sites of kidney injury associated
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common treatment options and associated kidney
toxicities (Fig. 1).
Platinum-based treatments

Platinum-based treatments have antineoplastic
properties by inhibiting DNA replication and are
still used frequently. These are used as first-line
treatments in some malignancies, mainly breast,
uterine and ovarian malignancies. These include
cisplatin, carboplatin and oxaliplatin with cisplatin
having the highest risk for AKI. Past studies have
shown that 10–30% of patients treated with cispla-
tin experience an AKI [3,4] and recent studies have
demonstrated that up to 69% of patients treated
with high-dose cisplatin have experienced AKI epi-
sodes with 17–51% being stage 2 AKI or above [5,6].
The incidence of AKI may increase with more wide-
spread use of advanced markers for AKI such as
Kidney injury Molecule 1 (KIM-1), enabling early
detection of AKI [7]. Fortunately, there are some
data demonstrating that, in cisplatin-associated
AKI, the risk of advancing to an eGFR of less than
29ml/min within 5years is under 3% [8]. This study
also found that, in AKI following cisplatin treat-
ment, the median initial decline in eGFR was of
10ml/min/1.73m2, but importantly, none of these
patients were observed to require dialysis. Risk fac-
tors for the development of cisplatin-induced AKI
with systemic cancer therapies.

rved. www.co-nephrolhypertens.com 475

r Health, Inc. All rights reserved.



Pharmacology and therapeutics
have been well studied and include age more than
60, hypoalbuminemia, presence of hypertension
and cumulative cisplatin dose [9–11] and have
incorporated into risk prediction models.

Unbound cisplatin is freely filtered through the
glomeruli and then re-absorbed through the prox-
imal tubules, mainly by OCT2 and CTR1 [12,13].
Cisplatin efflux mechanisms include mostly MATE-
1 and ABCC2 [14]. Cisplatin nephrotoxicity is
caused by inhibition of DNA repair and oxidative
stress, a direct result of its antineoplastic properties
effecting the renal proximal tubular cells, combined
with the fact that the concentration of cisplatin in
the kidney is about five times greater than its con-
centration in other tissues [15,16].

The most effective method for reducing risk for
nephrotoxicity has been intravenous fluids subse-
quent to cisplatin treatment. Different protocols
were examined in a systematic review with final
recommendations suggesting 2–4 l of isotonic saline
over 2–6h [17]. Other methods of preventing or
reducing cisplatin nephrotoxicity have focused on
inhibiting cisplatin uptake with drugs such as cime-
tidine or pantoprazole [18,19], increasing efflux and
reducing oxidative stress. Magnesium supplementa-
tion has also been shown to reduce cisplatin-related
nephrotoxicity, most likely due to OCT2 inhibition,
but the desired levels of magnesium have not been
determined [20,21]. Recent studies have examined
other treatment options (examples include Pim1
proto-oncogene, Vitamin D receptor activation,
AZD4538 and Dabrafenib) that have shown some
promise in animal models, but none has been
shown to be effective in humans [22–25,26

&

].
Carboplatin and oxaliplatin are also known to

cause nephrotoxicity but with a significantly
reduced risk compared to cisplatin (with carboplatin
still more frequent than oxaliplatin) [27–30]. These
treatments are unfortunately also less effective for
certain cancers [31].

Methotrexate

Methotrexate (MTX) inhibits folic acid metabolism
and by that damages the cell’s ability to divide and
produce proteins; this treatment is used mostly in
hematological malignancies such as ALL and lym-
phomas but also sarcomas [32]. MTX is secreted
through the kidneys and is known to form crystals
that damage the tubular epithelial cells and by that
causing acute tubular necrosis (ATN) and AKI [27].
MTX may also cause afferent arteriolar constriction
and by that cause glomerular hypoperfusion [33].
MTX toxicity also includes severe cytopenia, muco-
sitis, hepatotoxicity and neuropathy [32,34]. AKI
develops in 2–9% of those treated with high dose
MTX (HDMTX) [35,36]. Leucovorin is given 24–48h
476 www.co-nephrolhypertens.com
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following HDMTX in order to mitigate its toxicity
on noncancer cells [37]. The main preventive meas-
ure is by significant hydration and by attempting to
alkalinize the urine, as MTX metabolites need an
acidic pH to form crystals [32,38]. Since this AKI is
mostly asymptomatic, it is critical to monitor urine
volume, vitals andMTX serum levels [32,38]. AKI, as
well as CKD slows the clearance of MTX and by that
increases its exposure and toxicities [39].

MTX is dialyzable but is fat soluble; after initial
clearance, there often are rebound episodes andmul-
tiple sessions are required [40]. Glucarpidase is a
recombinant enzyme that hydrolyzes MTX to inac-
tive metabolites and is considered the treatment of
choice for delayed MTX clearance, with expert con-
sensus guidelines advocating for its use in the pres-
ence of an AKI in addition toMTX level ofmore than
50mmol/l after 24hormore than30mmol/l after 36h
[41

&&

,42]. Unfortunately, this treatment is relatively
costly and as such, not accessible everywhere [43].

Pemetrexed

Pemetrexed is currently primarily used in lung can-
cers and mesothelioma. It is a multitargeted anti-
folate and by that inhibits cell growth [44]. The
incidence of AKI is difficult to assess as pemetrexed
is usually given with other agents with nephrotoxic
potential, such as platinum-based chemotherapies.
Some studies reported an incidence of 6–20%
[45,46]. It has been shown that the cumulative dose
of pemetrexed is a significant risk factor for AKI,
with 10 or more cycles increasing the risk for AKI
[47]. Pemetrexed induces different renal diseases,
including ATN, interstitial fibrosis, nephrogenic dia-
betes insipidus and renal tubular acidosis [48–50].
Pemetrexed nephrotoxicity is often irreversible and
could lead to chronic kidney damage [51]. Treat-
ment focuses on holding pemetrexed, avoiding
other nephrotoxic agents, folic acid supplementa-
tion and supportive treatment [52]. Since peme-
trexed is secreted by the kidney and could cause
life-threatening toxicity, its use is contraindicated
for CrCl less than 45ml/min [53]. Pemetrexed is
often given in conjunction with immunotherapy,
and AKI in this setting is especially challenging, as it
requires distinguishing between these two potential
causes and corresponding treatment [54].

Gemcitabine

Gemcitabine is a difluorinated analogue of deoxy-
cytidine, used mostly in combination with plati-
num-based treatments in several solid organ
malignancies. Type I Drug-related thrombotic
microangiopathy (TMA), originally described as
hemolytic uremic syndrome, or HUS was described
with gemcitabine in 1994 during a phase II trial [55];
Volume 33 � Number 5 � September 2024
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Cancer drugs and acute kidney injury Gork et al.
subsequently in further cohorts, this is mainly pre-
sented as hypertension, thrombocytopenia and AKI.
This toxicity manifested several months following
gemcitabine treatment and, in some cases, after
completing treatment [56,57]. One study found that
42% recovered with cessation of treatment and with
supportive care [58]. For unresolved cases, treatment
with Eculizumab has been effective with one study
demonstrating improvement in kidney function in
over 80% [57,59–61].

Ifosfamide

Ifosfamide exposure may result in several kidney
injuries, including proximal tubular dysfunction,
AKI and later CKD [62]. These could result in electro-
lyte abnormalities such as hypophosphatemia and
rickets in children [63]. Treatment is supportive as
no established treatment is known. The treatment
should be stopped, and kidney function monitored.
Prevention of hemorrhagic cystitis is customary
with mesna.
IMMUNE CHECKPOINT INHIBITORS

The use of immune checkpoint inhibitors (ICIs) has
revolutionized the landscape of cancer therapy since
the first drug, ipilimumab, a mAb against cytotoxic
T-lymphocyte associated protein-4 (CTLA-4), was
first approved in 2011 by the U.S. Food and Drug
association (FDA) for the treatment of metastatic
melanoma [64]. Since then, six more drugs which
target the programmed cell death protein 1 (PD-1) or
programmed cell death ligand 1 (PDL-1) have been
approved to be used either in combination with
CTLA-4 inhibitor or as monotherapy in up to 17
types of malignancies. By inhibiting either CTLA-4,
which is predominantly expressed on T-cells, or PD-
1/PDL-1, which is expressed on T cells and tumor/
antigen presenting cells respectively, ICIs remove
negative feedback and allow T-cell activation and
cytotoxic killing of tumor cells. As a result of
enhanced T-cell activation, ICIs are associated with
a unique spectrum of immune-related adverse
events (irAE), with skin, endocrine and gastrointes-
tinal tracts most involved. Overall AKI incidence in
patients receiving ICIs has been reported to be in the
range of 17% [65]. However, AKI due to kidney irAEs
to ICIs is less common, with an estimated incidence
of 3–5% [62]. Combination therapy with dual block-
ade of CTLA-4 and PD-1/PDL1 is associated with
higher incidence of AKI, as well as concomitant
use of proton pump inhibitor (PPI) [66,67]. Extra-
renal irAEs are commonly present at the same time
or prior to the onset of AKI [68]. The time of onset of
AKI secondary to ICIs is variable, with the median
interval at 16weeks from the initiation of ICIs in a
1062-4821 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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multicenter study [68]. Interestingly, a recent Dan-
ish population cohort study found the relative risk
between PPI use and development of AKI in patients
on ICI is much lower at 1.06 [69], whereas a Taiwa-
nese meta-analysis found the use of PPI is associate
with an odds ratio (OR) of 2.42 [95% confidence
interval (95% CI) 1.96–2.97] for ICI-related AKI
[70

&

].
The most common pathological finding in AKI

secondary to ICIs is acute tubulointerstitial/intersti-
tial nephritis, accounting for up to 90% of the
reported kidney biopsies [64,66,67]. Other biopsy-
proven lesions include acute tubular injury/necrosis
and glomerular diseases. A systemic review of 45
biopsy proven glomerular disease found the most
common glomerular lesions were pauci-immune
glomerulonephritis/renal vasculitis (27%), podocy-
topathies, including minimal change disease and
FSGS (24%), and C3GN (11%) [71].

Clinical features of AKI secondary to ICIsmay be
nonspecific, and include pyuria, hematuria, sub-
nephrotic proteinuria and elevated creatinine. Kid-
ney biopsy remains the gold standard of diagnosis,
especially if there is a need to rule out other causes,
which may require different treatments, or if AKI is
refractory to standard steroid treatment for pre-
sumed AIN. We propose a staged approach based
on clinical features and other plausible causes as
shown in Fig. 2.

PET has been used as an adjuvant diagnostic tool
where it is reported to show increased FDG uptake in
the kidney cortex [72]. Noninvasive diagnostic tests
such as serum and urine biomarkers have been
explored in small single-center studies. Most
recently, a retrospective review involving 37 patients
with ICI-AKI identified serum C-reactive protein
(CRP), in conjunction with urine retinol binding
protein/urine creatinine ratio (uRBP/Cr), may help
to distinguish patients with AKI secondary to ICI
from patients with AKI from other causes such as
conventional chemotherapies or hemodynamic fac-
tors [73].Other serologicalmarkers such as serumsIL-
2R level, urinary CXCL-9 and TNF-alpha have been
evaluated in small number of patients [74

&

,75
&&

].
Corticosteroids are recommended as the first line

therapy for moderate to severe stages of ICI-related
AKI based on observational studies. Early initiation
(within 3days) of steroid may be associated with
improved kidney recovery [68]. The majority of
AKI related to ICI are sensitive to steroids with more
than 85%patients experience partial or full recovery.
Typical regimens include prednisone at 1–2mg/kg
(with maximal dose of 60–80mg), tapering over a
course of 4–6weeks. Intravenous methylpredniso-
lone(500mg–1g/day) for three doses could be con-
sidered for severe kidney impairment (e.g., stage 3
rved. www.co-nephrolhypertens.com 477
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FIGURE 2. Algorithm for the investigation and management of acute kidney injury during immune checkpoint inhibitor
treatment.

Pharmacology and therapeutics
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AKI). There was no particular steroid regimen asso-
ciated with better renal recovery [67]. Due to the
toxicity associated with long-term steroid use, an
attempt of rapid steroid tapering has been made. In
a single-center study involving 27 patients, equiva-
lent results of renal recovery between rapid taper
group (N¼14) and standard of care groupwere found
(N¼13) [76]. In a large-scale, multicenter cohort
study involving 165 patients, patients who received
shorter duration of steroid (<28days) had a similar
rate of developing recurrent ICP related AKI or died
within 30 days of completing steroid treatment com-
pared to patients who received longer duration of
steroids [77]. For patients with AKI secondary to ICIs
who are steroid refractory, other immunosuppressive
agents have been trialed, including mycophenolate,
cyclophosphamide, infliximab, azathioprine and
cyclosporine [78], but lack sufficient data to establish
preferred second-line therapy. A recent retrospective
case series include 10 patients who were treated with
infliximab for relapse or refractory ICI-AIN suggested
infliximab could be a promising option as a steroid-
sparing agent to achieve durable renal recovery [79].
There are also case reports of patients been success-
fully treated with mycophenolate as a first-line ther-
apy, but data are limited [80].

Patients who developed AKI secondary to ICIs
may be challenged again with ICIs based on the
degree of kidney recovery, the available cancer treat-
mentoptions,other extra renal iRAEs, patient comor-
bidities and preferences. A large multicenter study
has showed that the risk of recurrent ICI relatedAKI is
low, between 15 and 25%, and the rate of renal
recovery in recurrent AKI is around 60% [68].

In a recent systemic review of 761 patients, ICI-
AKI is associated with increased risk of death (hazard
ratio 1.42, 95% CI 1.05–1.92, P¼0.02), as well as
nonrecovery of kidney function [81]. Therefore, early
recognition, diagnosis and prompt treatment of AKI
secondary to ICI isvital topreserve renal functionand
allow ongoing immunotherapy treatment.
CHIMERIC ANTIGEN RECEPTOR-T CELL
THERAPIES

Chimeric antigen receptor T cell therapy are novel
immunotherapies, directing the body’s T-cells
toward cancerous cells and potentially achieving
remission for patients with refractory hematologic
malignancies such as multiple myeloma, lympho-
mas and leukemias. Since these treatments cause an
inflammatory response, their side effects include
cytokine release syndrome (CRS) and macrophage
activation syndrome (MAS). These inflammatory
reactions could well lead to AKI due to hemody-
namic changes. Another cause for AKI with these
1062-4821 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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treatments is tumor lysis syndrome (TLS). Several
studies estimated that AKI occurs in 18–30% of
patients treated with CAR-T cell therapies with
ATN found in 40% of AKI episodes in one study.
In most cases, AKI resolved with supportive therapy
[82–84]. Several small studies have also demon-
strated that CKD and even ESRD are not limiting
factors for CAR-T cell therapy and that treatment
results have been similar to patients without CKD or
ESKD [85–87].
MOLECULAR TARGETED THERAPY

Targeted therapies include small molecules that
target pathways involved in tumor growth, survival
and spread. These are either mAb or tyrosine kinase
inhibitors targeting single or multiple pathways.
These agents are associated with a variety of kidney
toxicities and electrolyte imbalances, as well as
‘pseudo-AKI’ due to inhibition of creatinine trans-
porters on the tubular epithelial cells. Some
commonly encountered targeted therapies and
cytotoxic agents are discussed in Table 1.
Vascular endothelial growth factor inhibitors

Antiangiogenic agents are associated with dose-
dependent hypertension and proteinuria [88]. Bev-
acizumab has been associated with hypertension in
up to 24% of patients in a meta-analysis of over
120000patients [89], andAflibercepthas been linked
tohypertension inup to63%of the patients [90]. The
incidence of all-grade proteinuria is 10–20% in anti-
VEGF treatment [91,92]. Other kidney toxicities
include renal limited TMA, podocytopathies, AIN
and other glomerulopathies have also been reported
inAnti-VEGFagents aswell asmulti-targeted tyrosine
kinase inhibitors (TKIs) such as Sunitinib, Sorafenib,
Pazopanib, Pazopanib and Axitinib [93]. Glomerular
TMA occurs more commonly in VEGF-Ligand
whereas podocytopathies such as MCD/FSGS are
more commonly seen inTKIs [93]. TKIs can also cause
multiple electrolyte disturbance.
Epidermal growth factor receptor inhibitors

Epidermal growth factor receptor (EGFR) TKIs are
used in breast, colon, lung and pancreatic cancers
and have been rarely associated with glomerulopa-
thies. Gefitinib has been associated with two cases of
minimal change disease [94,95], as well as pro-
liferative IgA crescentic glomerulopathies [96].
Immune-complex glomerulonephritis (GN) has
been reported in erlotinib and pantitumumab
[97,98]. Osimertinib has been associated with a case
of IgA crescentic GN as well [99].
rved. www.co-nephrolhypertens.com 479
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Table 1. Common targeted therapies and known nephrotoxicities

Class Drug Kidney toxicity

VEGF Inhibitors [99–104] mAb against VEGFA Bevacizumab [89]
mAb against VEGF2. Ramucirumab
Recombinant Fusion protein Aflibercept [90]
Multitargeted TKI
Sunitinib
Sorafenib
Axitinib
Pazopanib
Carbozantinib
Lenvatinib
Regorabenib
Vandetanib
Apatinib

Proteinuria [91,92], HTN
Renal limited TMA [93]
Podocytopathies(MC/FSGS)
AIN
Electrolytes imbalance

EGFR inhibitors TKI Erlotinib (1st Gen)
Gefitinib (1st Gen)
Afatinib (2nd Gen)
Brigatinib
Icotinib
Osimertinib
mAb against EGFR
Cetuximab
Pantitumumab

Crescentic IgA nephropathy [96,99]
Immune-Complex GN [97,98]
Pauci-Immune crescentic GN
MCD/Membranous
(Gefinitib) [94,95]
Hypomagnesium and other electrolyte imbalance

BRAF þ MET inhibitors BRAF V600E inhibitor [100]
Vemurafenib
Dabrafenib
BRAFþMEK inhibitor [102]
EncorafenibþBinimetinib
DabrafenibþTrametinib

Elevated creatinine
Acute AIN, ATN
Podocytopathy
Fanconi syndrome
Acute Tubular injury
AKI

BCR-ABL inhibitors 1st Gen, target BCR:ABL and KIT
Imatinib [93]
Target BCR:ABL, PDGFR, KIT.
Dasatinib
[103–105]

ATN, TLS, Rhabdomyolysis, elevated creatinine (Pseudo
AKI), CKD, Fanconi Syndrome

Proteinuria, TMA, Rhabdomyolysis

BCL-2 Inhibitors Venetoclax TLS

Bruton TKI Irreversibly inhibits BTK. Ibrutinib TLS, HTN, AKI

Proteasome inhibitors Carfilzomib
Bortezomib
Ixazomib

TMA, TLS, ATN [106–108]
(Carfilzomib most common, rare case Bortezomib and

Ixazomib)

Immunomodulatory drugs
(IMiDs)

Lenalidomide
[110–113]

AIN, Fanconi Syndrome, MCD

AIN, Acute interstitial nephritis; AKI, Acute kidney injury; ATN, Acute tubular necrosis; BTK, Bruton’s Tyrosine Kinase; CKD, Chronic kidney disease; FSGS, Focal
segmental glomerulosclerosis; GN, Glomerulonephritis; HTN, Hypertension; MCD, Minimal Change disease; TKI, Tyrosine Kinase inhibitor; TLS, Tumor lysis
syndrome; TMA, Thrombotic microangiopathy.

Pharmacology and therapeutics
BRAF and MEK inhibitors

BRAF inhibitors are used in melanoma, and include
vemurafenib and dabrafeinib, which have been
reported to causeAKI through acute interstitial neph-
ritis or tubular damage [100]. CombinationBRAF and
MEK inhibitors are associated with lower risk of AKI
[101]; however, there have been reports of up to 26%
of AKI in the combinations of encorafenib and bini-
metinib as well as dabrafenib and trametinib [102].

BCR-ABL inhibitors

Imatinib, a first-generation TKI, is used in chronic
myelogenous leukemia (CML), gastrointestinal
480 www.co-nephrolhypertens.com
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stromal tumors, among others. It targets BCR-ABL,
c-KIT and PDGFR, and has been associated with AKI,
which includes acute tubular injury, tumor lysis
syndrome, rhabdomyolysis, as well as elevated crea-
tinine [93]. Dasatinib is used to treat imatinib-resist-
ant CML and has been reported to cause TMA and
proteinuria [103–105].

Proteasome inhibitors

These agents remain the mainstay of multiple mye-
loma therapy. Carfilzomib has been associated with
elevated creatinine in up to 25% of patients, as well
as TMA, ATN and tumor lysis syndrome [106–108].
Volume 33 � Number 5 � September 2024
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There have been rare case reports of TMA in patients
on Bortezomib and Ixazomib as well [109].
Immunomodulatory myeloma drugs

Lenalidomidehasbeenassociatedwithseveral typesof
kidney injuries, and include acute interstitial nephri-
tis, minimal change disease and Fanconi syndrome
[110–113]. Thalidomide and Pomalidomide are not
commonly associated with direct kidney toxicities.
PSEUDO-ACUTE KIDNEY INJURY
ASSOCIATED WITH TARGETED THERAPY

It is well recognized that a substantial number of
anticancer drugs can cause inhibition of tubular secre-
tion of creatinine, and by doing so, cause an elevation
in serum creatinine values without causing kidney
damage [114]. These include various targeted thera-
pies that inhibit different transporters such asMATE1,
MATE2k and OCT2 [115

&

,116]. The common pattern
is of an increase in creatinine values days or several
weeks following initiation of treatment with creati-
nine, reaching a plateau on treatment, and reverting
to baseline values soon after holding the suspected
drug. These creatinine elevations may decrease crea-
tinine-basedeGFRvaluesby2–25%[114]. In suspected
cases of pseudo-AKI, noncreatinine-based assessment
ofGFRshouldbedone.These includeserumcystatinC
values or measuring GFR by exogenous filtration
markers such as 51Cr-EDTA, 99mTc-DTPA, iothalamate
or iohexol. It is important to know thesemethods and
their limitations, especially in cancer patients [117].

It is important to consider the possibility of
‘pseudo-AKI’ with associated agents, but to also con-
sider other causes of true AKI, and conduct an appro-
priate work-up, as these drugs are sometimes known
to cause true kidney damage. Table 2 lists current
treatments known to cause pseudo-AKI and lists other
reported kidney injuries related to these drugs.

In case of an increase in creatinine of more than
30% above baseline in a patient treatedwith pseudo-
AKI associated medications, we suggest completing
a thorough history with a focus on prerenal causes
(i.e., volume depletion), nephrotoxins, ruling out
obstructive causes, and completing a serum cystatin
C or measured GFR, if possible.
PEPTIDE RECEPTOR RADIONUCLIDE
THERAPY AND RADIATION
NEPHROPATHY

Peptide receptor radionuclide therapy (PRRT) is
mainly used in the treatment of neuroendocrine
tumors (NETs), which expresses somatostatin recep-
tors. It utilizes either 90Yttrium (90Y) or 177Lutetium
(177Lu) radioisotopes, which attach to a somatostatin
1062-4821 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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analogue via the chelating agent, dodecane tetraace-
tic acid (DOTA). In contrast to external beam radia-
tion, radiation exposure from PRRT is of low energy,
lower dose and inhomogeneously distributed. These
peptides are actively reabsorbed from the apical
membrane of proximal tubule due to their small size
and no significant protein binding. They are also
internalized into the cells as opposed to rapidly
washed out, hence possess delayed effects [118].
There are two phases of radiation nephropathy: An
acute phase occurs at 6–18months after radiother-
apy, which manifests as new onset hypertension,
proteinuria and anemia; a chronic phase occurs at
least 18months after radiation, and presents with
progressive kidney impairment, hypertension, pro-
teinuria and small atrophic kidneys on imaging
[119]. Acute histopathologic changes include endo-
thelial cell injury,TMA,mesangiolysis,whereas inter-
stitial fibrosis, glomerular scarring, tubular atrophy
and arterial sclerosis are observed in chronic phase
[119,120].Severe nephrotoxicity of up to 14% have
been observed in patients treated with PRRT [121].
Patients with preexisting CKD, hypertension or dia-
betes, concurrent use of nephrotoxic chemotherapy
are at a higher risk of developing acute or delayed
nephropathy.

Concurrent infusion of positive charged amino
acid transporters such as L-Arginine and/or L-Lysine
competitively inhibits reabsorption of the radio
tracers and can lead to 9–53% reduction in radiation
dose and has been the most successful technique in
reducing PRRT associated nephrotoxicity [122].
Total radiation dose of less than 40Gy is recom-
mended for patients without risk factors, and less
then 28Gy for patients with CKD risk factors [123].
CONCLUSION

As the landscape of anticancer therapies continues
to rapidly change, clinicians in both oncology and
nephrology will need to recognize and manage
emerging treatment-related causes of kidney injury.
While novel therapies including immunotherapies
and targeted treatments have improved survival
outcomes, they also carry the risk of newly recog-
nized forms of AKI (which may involve various
compartments of the kidney), as well as ‘pseudo-
AKI’. The continual growth of drugs in the anti-
cancer armamentarium requires that clinicians in
onco-nephrology must be able to understand the
various potential kidney lesions, and discern those
with clinically meaningful impact on both cancer
and kidney outcomes. The goal of diagnosis and
management of AKI during cancer therapy should
be to mitigate the sequelae of these events on opti-
mal cancer treatment.
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Table 2. Targeted therapies with known reports of pseudo acute kidney injury

Drug
Incidence of creatinine
increase Other kidney adverse events

ALK INH [124]
Crizotinib [125,126]

Ceritinib
Alectinib
Brigatinib [127–129]
Lorlatinib
Ensartinib [130]
Entrectinib [131]

33%
26%
Unknown
12%
20%

Peripheral edema (40–50%), Hypophosphatemia (15%) [132], Formation of
renal cysts (9%) [133]

Grade 3 Hypophosphatemia (2–4%), Grade 3 Hyponatremia [67]
Grade 3 Hypophosphatemia (2–4%)
HTN (23–32%), Peripheral edema (7%), Hypokalemia (6%)
Peripheral edema (40–50%)
Edema (20%)
Peripheral Edema (26%), Hypophosphatemia (6%)

CDK 4/6 INH [134]
Abemaciclib [135&,136]
Palbociclib [137,138]
Ribociclib [138,139]

12–60%
20–59%
44–61%

ATN, AIN [134], Hypokalemia (21%), Hyponatremia (12%)
Hypokalemia (13%), Hyponatremia (9%), Hypercalcemia (7%)
Hypokalemia (15%), hypocalcemia (14%), Hyponatremia (15%)

PARP INH [140]
Olaparib
Niraparib
Rucaparib

20–30%
20–30%
11–30% [141]

HTN (19%) [142]

BCR-ABL INH
Imatinib [143–145]
Dasatinib [146–148]

6–13%
1–2% Facial and peripheral edema (24–50%)

Proteinuria (10%)
Edema (23%)

MET INH
Tepotinib [149,150]
Capmatinib [151,152]

18%
18%

Peripheral edema (63%)
Peripheral edema (43%)

HER2 INH
Tucatinib [153]

14% N/A

BRAF INH [154]
Vemurafenib
Dabrafenib

78%
<1%

AIN, ATN, hyponatremia, hypokalemia (unknown)
Hypophosphatemia (7%), Granulomatous nephritis (rare)

AIN, acute interstitial nephritis; ALK, anaplastic lymphoma kinase; ATN, acute tubular necrosis; CDK, cyclin dependent kinase; HER, human epidermal growth
factor receptor; HTN, hypertension; PARP, poly ADP ribose polymerase.
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