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CUTE KIDNEY INJURY IS COMMON IN PATIENTS WITH CANCER"“? THE
incidence and severity vary, depending on the type and stage of cancer, the

treatment regimen, and coexisting conditions.? In a 7-year Danish study of

bi the risk, injury, failure, loss of kidney function, and end-stage kidney disease

classification (Table 1), was 4 The for the individual risk,

injury, and categories was 14.6%, and respectively. Further-
more of patients in whom acute kidney developed required long-term
withinp-“

Patients with cancer who are critically ill have the highest risk of acute kidney
atients who have cancers or

injury (incidence, 54%),’
- and those with -6 This review provides an overview

of acute kidney injury in patients with cancer.

RISK FACTORS FOR ACUTE KIDNEY INJURY

Patients with are at- for acute kidney injury that is caused by

- due to the primary disturbances, the
effects of’ ﬁ or

Older age (>05 years), female sex, and coexisting disease processes, including
chronic kidney disease, diabetic kidney disease, and volume depletion (due to vomit-
ing or diarrhea) or renal hypoperfusion (due to cardiomyopathy, cirrhosis, or the
nephrotic syndrome), increase the risk of acute kidney injury.'

OUTCOMES IN PATIENTS WITH CANCER AND ACUTE KIDNEY
INJURY

Acute kidney injury in patients with cancer is associated with substantial morbid-
ity and mortality.>'"2 In a study involving patients with hematoloiic cancers who

were undergoing induction therapy, the was Jo among pa-
tients in the RIFLE category and was lo among those in the cate-
gory who required as compared with 3.8% among patients without any
evidence of acute kidney injury.!* In another study, among patients with cancer
who were in the intensive care unit, the mortality was 49.0% for those in the RIFLE
risk category, 62.3% for those in the injury category, and 86.8% for those in the
failure category, as compared with 13.6% for patients without acute kidney injury.’
However, increased mortality has not been reported in all studies, possibly owing
to differences among studies in the age, overall severity of illness, and functional
status of the patients.'?

and limits patient partici-
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ACUTE KIDNEY INJURY IN PATIENTS WITH CANCER

pation in possibly life-saving clinical trials. Among
patients being treated with potentially curative
regimens, acute kidney injury may necessitate
dose reductions or use of alternative regimens
that have better renal safety records but marginal
efficacy.>**

CANCERS ASSOCIATED WITH ACUTE
KIDNEY INJURY

Acute occurs in up to -)f pa-
tients with at some point in

the disease course,’™ most commonly in asso-
ciation with sepsis, nephrotoxins, the_
- (especially with rapidly growing can-
cers such as i lymphoma), or volume de-
pletion.’® Other, less common associations must

also be considered in the differential diagnosis
(Table 2).

even fewer patients with or chronic
leukemia.?"** In patients with massive tumor-
cell infiltration, tubular compression and dis-
ruption of the microcirculation set the stage for
acute kidney injury. Flank pain and hematuria,
along with hypertension, may accompany acute
kidney injury, although many patients are asymp-
tomatic. Renal imaging with ultrasonography or

computed tomography generally shows

revealing diffuse infiltration of the interstitium
with malignant cells that can be identified with
specific stains and immunologic markers.
administration of may lead to
i the long-
term prognosis depends on the response to
therapy.*

Acute multiple

in, depending on the definition used,

of patients.”% effects often develo
from

, leading to
(the most common cause of acute

N ENGLJ MED 376;18

Table 1. RIFLE (Risk, Injury, Failure, Loss of Kidney Function, and End-Stage
Kidney Disease) Classification of Acute Kidney Injury.*

Classification of Injury Change in Kidney Function

Risk Crincreased by 1.5 times or GFR decreased by >25%
Injury Crincreased by 2 times or GFR decreased by >50%
Failure Crincreased by 3 times or GFR decreased by >75%,

or Cr>0.5 mg/dl (44 ymol/liter) if baseline value

=4 mg/dl (350 ymol/liter)
Loss of kidney function ~ Complete loss of kidney function for >4 wk

End-stage kidney disease Complete loss of kidney function for >3 mo

e

Cr denotes serum creatinine, and GFR glomerular filtration rate.

Table 2. Types of Acute Kidney Injury in Patients with Hematologic Cancers.*

Cancer-related injury

Tumor infiltration of the kidneys

Obstructive nephropathy related to retroperitoneal lymphadenopathy
Lysozymuria (CMML or AML) with direct tubular injury
Hemophagocytic lymphohistiocytosis with acute interstitial disease
Vascular occlusion associated with DIC and hyperleukocytosis (rare)

Hypercalcemia with hemodynamic acute kidney injury and acute nephro-
calcinosis

Glomerular diseases (minimal change disease, focal segmental glomerulo-
sclerosis, membranoproliferative glomerulonephritis, membranous
nephropathy, amyloidosis, immunotactoid glomerulonephritis, fibrillary
glomerulonephritis, crescentic glomerulonephritis) |

Therapy-related injury

Nephrotoxicity (including thrombotic microangiopathy, acute tubular injury,
tubulointerstitial nephritis, and glomerular disease)

Tumor lysis syndrome with acute uric acid nephropathy (may occur spon-
taneously)

Intratubular obstruction from medications (e.g., methotrexate)
Other types of injuries

Volume depletion

Sepsis and septic shock

Nephrotoxicity of radiocontrast agents

Nephrotoxicity of common medications, such as NSAIDs, ACE inhibitors,
ARBs, and antibiotics

sk

ACE denotes angiotensin-converting enzyme, AML acute monocytic leukemia,
ARBs angiotensin-receptor blockers, CMML chronic myelomonocytic leuke-
mia, DIC disseminated intravascular coagulation, and NSAIDs nonsteroidal
antiinflammatory drugs.

T Reported associations with focal segmental glomerulosclerosis, membranous

nephropathy, and crescentic glomerulonephritis are rare.

kidney injury),

and various such as

light-chain deposition disease and

NEJM.ORG MAY 4, 2017
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MuItipIe- Glomerulus Distal

convoluted tubule

manifestations

Tubular
manifestations

\ - Proximal
or . immunoglobulin convoluted tubule
chains chains

Proximal
straight tubule

Overproduction

Obstruction

Urine albumin Urine albumin {cast formation)

Thin
d d
‘/ & .g/ Y descending limb Thick

ascending limb

Deposition of light chains or monoclonal -_

immunoglobulins, leadin t01 Endocytosis of LCs, leading to acute
andﬂ dtyplcally tubular injury and fibrosis

T Endocytosis of LCs, leading to
syndrome with or without acute kidney
injury Thin
Glomerulopathy ascending limb
Monoclonal immunoglobulin deposition
disease -chain,ﬁchain, or both)
Proliferative GN with monoclonal-deposits Loop of Henle
Mornoclonal ryoglobulinemial

-nephropathy

€3 glomerulopathy LCs bind with THP, forming

that-tubular lumen and elicit local

Fibrillary GN inflammation, leading to acute kidney injury
Immuneotactoid glomerulopathy with or without chronic kidney disease

Membranoproliferative GN

Figure 1.

In patients with various_and

immunoglobulin can lead to injury. Patients with
h whereas patients with

are Wright-Giemsa imultiple myeloma) and hematoxylin and eosin icast nephropath

-chain,-- chain, GN glomerulonephritis,.-

The stains

disturbances (e.g., and -

, and exposure may

lead to acute kidney injury and may exacerbate
ated with acute kidney injury in patients with
myeloma are shown in Figure 1.

develops when large amounts
of which are

luminal together with local
interstitial and acute tubular in-
jury, results in acute

in the tubules, formin The is facili-
that cause intrarenal tated by
sequent tubulointerstitial with the use of a nephelometric immunoassay
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ACUTE KIDNEY INJURY IN PATIENTS WITH CANCER

of both and
chains) and

lemented with spot or 24-hour

2429 These tests help

related dis-

eases (often associated with

(associated with

20 Although levels

in both and are consistent with

acute kidney injury due to

kidney should be

nosis is since in

iatients with acute

if the diag-

the cause is

With such therapy, the survival of
patients with acute kidney injury has improved;

after diagnosis is associ-

ated with a of full or partial
234 Accordingly, the incidence of and
associated with end-stage renal dis-

ease due to multiple myeloma h from
2001 to 2010.®
Effective regimens for pa-
tients with myeloma who present with acute kid-
ney injury generally include the proteasome in-
hibitor H which does not require
dosage adjustments for acute kidney injury.® In a
European prospective, randomized, phase 3 trial

involving a subgroup of 81 patients with a se-
rum creatinine level of at least 2 mg per deciliter

(177 wmol per liter), patients who received

a significantly higher rate of overall survival at
3 years than those who received treatment with
vincristine, doxorubicin, and dexamethasone (74%
vs. 34%).”” In a more recent study, involving 83
consecutive patients with myeloma and an esti-
mated glomerular filtration rate of less than 30 ml

er minute per 1.73 m? of body-surface area,
(bortezomib,
dexamethasone, and another agent such as mel-
halan or thalidomide) was associated with a
and dialysis was dis-
continued in 57% of the patients.*® Other agents
reported as being effective in patients with

myeloma and acute kidney injury include -
h, lenalidomide, and two newer agents,

N ENGLJ MED 376;18

pomalidomide (a thalidomide analogue) and
carfilzomib.>**#° Hematopoietic stem-cell trans-
plantation appears to be a viable option for pa-
tients with renal injury, including those on dialy-
sis. A large series showed an excellent hematologic

response but a low rate of renal improvement.*
: : .

with the use of’

( ).
Small randomized, controlled trials, which were
determined later to be flawed, showed no benefit,
and small studies with positive findings were
not controlled. Thus

4 Results from two
European randomized, controlled-of high-
cutoff hemodialysis are the European
Trial of Free Light Chain Removal by Extended
Haemodialysis in Cast Nephropathy (EuLITE;
ClinicalTrials.gov number, NCT00700531) and
Studies in Patients with Multiple Myeloma and
Renal Failure Due to Myeloma Cast Nephropathy
(MYRE; NCT01208818).4344

Treatment of renal-cell carcinoma has evolved to
include less-invasive and renal-sparing tech-
niques, in part to protect patients from acute
kidney injury and the subsequent risk of chronic
kidney disease. Surgical treatment of renal-cell
carcinoma is associated with a substantial risk
of acute kidney injury; the reported rate of post-
surgical acute kidney injury increased from 2.0%
in 1998 to 10.4% in 2010.* However, changes in
the definition of acute kidney injury may be re-
sponsible for these figures, since the number of
patients in whom dialysis-requiring acute kidney
injury developed rose minimally during this pe-
riod.*#® The rate of acute kidney injury is higher
after radical nephrectomy than after partial ne-

whenever
technically feasible or, in some cases, active sur-
veillance of small renal masses
in an effort to maintain kidney function and

optimize outcomes.*® Recent advances in-

reductions in the incidence of acute kidney in-
jury, but more data on these techniques are re-
quired.®
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DISTURBANCES
ASSOCIATED WITH ACUTE KIDNEY
INJURY

The tumor lysis syndrome results from the

cells that were
or, in circumstances,

>0 Nearly. hematologic and solid-organ
cancers have been i with the

but it is much more common
tumor burdens that
rate, such as

have a
lymphoma and
The tumor lysis syndrome is characterized b
increases in serum levels of- acid,i
and and can be accompanied by
°1 Cardiac arrhythmias and even

may occur from metabolic derange-
ments such as_ The syndrome may
be associated with acute kidney injury and sei-
zures. The actual frequency of acute kidney injury
among patients with the tumor lysis syndrome
is unknown and probably varies according to
tumor characteristics and coexisting disorders,
as well as the chemotherapeutic regimen and
preventive measures used. Within the kidney,
cytokine release associated with acute tubular
injury, acute uric acid nephropathy, and acute

nephrocalcinosis may contribute to the develop-
ment of acute kidney injury.>?

from cancer cells are

Very high levels of uric acid in the glomeru-
leading to micro-obstruction and vasoconstric-

tion, as well as renal ischemia and up-regulation
of inflammatory cytokines, and resulting in an

abrupt decrease in the glomerular filtration rate.>

tubules may also contribute to acute kidney in-
jury in patients with severe hyperphosphatemia
from the tumor lysis syndrome, especially if the
urine is alkaline.”* Although urinary alkaliniza-
tion increases uric acid solubility, _
is currentl since it can lead
to 50,52

The tumor lysis syndrome can be
(Fig. S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org)

by maintaining an adequate glomerular filtration
rate and ates through appropri-
ate intravenous (normal , which
allows for rapid and effective of uric
acid, potassium, and phosphorus.”®*? In patients
at high risk for the tumor lysis syndrome

which block the
production of uric acid, is
Patients whose uric acid levels are high before

the initiation of chemotherapy may benefit from
treatment with

(recombinant urate
is administered.>®>”
to the more solu-
it also leads to the production of
hydrogen peroxide, which

in patients
with glucose-6-phosphate dehydrogenase
deficiency. Thus, patients at risk for
should be for it
58

they receive

of the tumor lysis syndrome fol-

lows the same approaches as prophylaxis:

to prevent further uric acid production,
and administration o to rapidly lower
serum uric acid levels.”*>” Given the increased use
of rasburicase for the tumor lysis syndrome,
acute kidney injury from acute nephrocalcinosis
may become more common in patients with this
syndrome, highlighting the importance of
and

Hypercalcemia occurs in up to - of patients
with advanced cancer.®® Most studies suggest
that is the
most common cancer associated with hypercal-
cemia (up to 20% of patients with hypercalcemia
have squamous-cell carcinoma of the lung) as a

1 Hypercalcemia also

occurs in patients with
cancers.®?
of malignancy often leads to

which in turn ma

Henle, which
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ACUTE KIDNEY INJURY IN PATIENTS WITH CANCER

and leads to

calcium-
with resultant

with resultant volume
induced

decreases in renal blood flow®*;
and acute

from severe (and
temia).
of hypercalcemia-induced acute kid-
ney injury relies on restoration of
and renal perfusion, an

followed by a sustained

therapeutic phase focused on maintaining a

normal serum calcium level. The first step in
intravenous

0.9% normal

since they
of renal which may
and also confer a risk
of hypovolemia. Thus, diuretics should be used
only in patients with hypervolemia.®> Severe cases
of acute kidney injury, which are often charac-
terized by oligoanuria, may not be amenable to

intravenous hydration m
a* effectively corrects hyper-

calcemia.*® After this initial therapeutic stage,
medications that diminish bone calcium release
or are used
to maintain normocalcemia. If is
used for therapy, the dose must
be adjusted for kidney function; zoledronic acid
should be avoided. A newer therapeutic option
that does not require dosing modification is
a humanized monoclonal antibody
that neutralizes the receptor activator of nuclear
factor-«B ligand and

increase

7 Recent studies sup-
port the use of denosumab in patients with
cancer-associated hypercalcemia.®®%

TEM-CELL
AND ACUTE
KIDNEY INJURY

Hematopoietic stem-cell transplantation is fre-
quently complicated by acute kidney injury.” The

ciated with
tion is wide-ranging
because of variations in the definition of acute
kidney injury, the type of transplant used (allo-

N ENGLJ MED 376;18

geneic vs. autologous), and the chemotherapeu-
tic conditioning regimen (high-dose vs. reduced-
intensity).”” Approximately 5% of hematopoietic
stem-cell transplant recipients with severe acute
kidney injury require dialysis.”"”?

Common risk factors for and causes of acute
kidney injury after transplantation include

7 GVHD, a compli-
cation of hematopoietic stem-cell transplantation,
causes tissue and endothelial damage through
T-cell and cytokine-mediated injury.”® Gastroin-
testinal mucosal involvement by GVHD contrib-
utes to prerenal acute kidney injury through
poor fluid intake and excessive gastrointestinal
losses. The sinusoidal obstruction syndrome, an
independent risk factor for acute kidney injury,
clinically mimics the hepatorenal syndrome be-
cause of the associated acute portal hypertension
that develops from hepatic sinusoidal injury.”*7>"
Patients with hematopoietic stem-cell transplants
are often prescribed medications such as vanco-
mycin, aminoglycosides, acyclovir, and ampho-
tericin, which can cause acute kidney injury
through mechanisms such as direct nephrotox-
icity and tubulointerstitial nephritis.”*”> Calci-
neurin inhibitors can also cause hemodynamic
acute kidney injury and have been associated
with the development of thrombotic microangi-
opathy.”*7>7 In addition, viral infections — in
particular, adenovirus, BK virus, and cytomega-
lovirus infections — are associated with acute
kidney injury (tubulointerstitial nephritis and
glomerulonephritis).

Traditional chemotherapeutic agents, newer tar-
geted therapies, and evolving immunotherapies
are extending the lives of patients with malig-
nant disease. Unfortunatel

in patients with cancer.”>”®

Table 3 lists commonly used drugs, their mecha-

nisms of action, associated renal histopatho-

logical features, and resulting clinical nephro-
toxic effects.

A number of conventional

agents cause acute kidney injury.””” These drugs
may inure the enal erovasculiEe glomer

NEJM.ORG MAY 4, 2017
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13513, Common Anticancer Drugs Assocated with Acute Kidney Injury.

Medication
Chemotherapeutic agents
Cisplatin{

Ifosfamide

Pemetrexed

Methotrexate
Pamidronate
Zoledronic acid

Targeted agents
Anti-VEGF drugs

Tyrosine kinase or multikinase inhibitors
(sunitinib, sorafenib, pazopanib)

BRAF inhibitors (vemurafenib and
dabrafenib)

ALK inhibitors (crizotinib)

Immunotherapeutic agents

Interferons
CTLA-4 inhibitors

PD-1 inhibitors

Chimeric antigen receptor T cells

Mechanism of Action

Cross-linking and interference with DNA replication

Nitrogen mustard alkylating agent; inhibition of DNA
synthesis through DNA strand-breaking effects

Antifolate agent; inhibition of dihydrofolate reductase,
thymidylate synthase, and glycinamide ribonucleo-
tide formyltransferase

Antifolate agent; inhibition of dihydrofolate reductase

Pyrophosphate analogue; associated with moderate
FPPS inhibition

Pyrophosphate analogue; associated with potent FPPS
inhibition

VEGF-receptor antibody or soluble receptor; inhibition
of VEGF signaling

Inhibition of tyrosine kinase or multikinase signaling,
with activity against RAF kinase and several receptor
tyrosine kinases (e.g., VEGF, PDGF)

Inhibition of the mutated BRAF V600E kinase that leads
to reduced signaling through the aberrant MAPK
pathway

Inhibition of the mutated anaplastic lymphoma kinase

Activation of STATSs, which are transcription factors that
regulate immune system gene expression

T-cell activation by antibody blocking CTLA-4 receptor

T-cell activation by antibody blocking PD-1 receptor

T-cell targeting of specific tumor-cell antigens

Renal Histopathological Features

Acute tubular injury and acute
tubular necrosis

Acute tubular injury and acute
tubular necrosis

Acute tubular injury and acute
tubular necrosis

Crystalline nephropathy and acute
tubular injury

Focal segmental glomerulosclerosis,
acute tubular injury

Acute tubular injury and acute
tubular necrosis

Thrombotic microangiopathy

Thrombotic microangiopathy, focal
segmental glomerulosclerosis,
tubulointerstitial nephritis

Acute tubular injury, tubulointersti-
tial nephritis

Acute tubular injury, tubulointersti-
tial nephritis

Thrombotic microangiopathy, focal
segmental glomerulosclerosis

Tubulointerstitial nephritis, lupuslike
glomerulonephritisi

Tubulointerstitial nephritis::

No pathological features described

Clinical Nephrotoxic Effects

Acute kidney injury, proximal tubulopathy,
Fanconi’s syndrome, NDI, sodium and
magnesium wasting

Acute kidney injury, proximal tubulopathy,
Fanconi’s syndrome, NDI

Acute kidney injury, proximal tubulopathy,
Fanconi’s syndrome, NDI
Acute kidney injury

Nephrotic syndrome, acute kidney injury

Acute kidney injury

Acute kidney injury, proteinuria, hypertension

Acute kidney injury, proteinuria, hypertension

Acute kidney injury, electrolyte disorders

Acute kidney injury, electrolyte disorders, renal
microcysts

Acute kidney injury, nephrotic proteinuria
Acute kidney injury, proteinuria
Acute kidney injury

Capillary leak syndrome with prerenal acute
kidney injury

* CTLA-4 denotes cytotoxic T-lymphocyte antigen 4, FPPS farnesyl pyrophosphate synthase, MAPK mitogen-activated protein kinase, NDI nephrogenic diabetes insipidus, PD-1 programmed

death 1, PDGF platelet-derived growth factor, STAT signal transducer and activator of transcription, and VEGF vascular endothelial growth factor.
7 Carboplatin and oxaliplatin are less nephrotoxic than cisplatin.

I In some cases, tubulointerstitial nephritis is accompanied by granulomatous interstitial nephritis.
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Gemcitabine
Antiangiogenesis drugs

segmental
glomerulosclerosis

Antiangiogenesis drugs

~—

W

Dysproteinemia-related
Drug-induced
Metabolic

Afferent
arteriole

Efferent
arteriole

Platinums
Ifosfamide
Pemetrexed
Crizotinib

Zoledronic acid

Proximal
convoluted

Collecting
tubule

convoluted
tubule

Tubulointerstitial injury

ries e

-

Tyrosine kinase inhibitors
BRAF inhibitors

Loop of Henle

Figure 2._and Their Site of Action in the-

Drugs used to treat cancer can cause various forms of injury in sites in the nephron such as the arterioles, glomerulus,
tubules, and interstitium. In the image of crystalline nephropathy, the arrow points to methotrexate crystals. The
stains are Jones methenamine silver (thrombotic microangiopathy and focal segmental glomerulosclerosis images),
hematoxylin and eosin (crystalline nephropathy and acute tubular injury images), and periodic acid—Schiff (tubulo-
interstitial injury image). BRAF denotes serine—threonine protein kinase.

lus, tubular segments, and renal interstitium
(Fig. 2). Clinical renal syndromes that develop
with these drugs include acute kidney injury,
the syndrome,
(with accompanying elec-

N ENGLJ MED 376;18

trolyte and acid-base disturbances), hyperten-
sion, and chronic kidney disease.”“

which has been reported in
association with iemcitabine or

therapy, may cause injury in the renal
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microvasculature.”®”® Focal and segmental glo-
merulosclerosis and minimal change disease,
along with acute tubular injury, complicate
pamidronate therapy by damaging the glomeru-
lar (and tubular) epithelium, which promotes a
form of drug-induced podocytopathy.”>”” Most
common is acute tubular injury or necrosis due
to treatment with platinum-containing regimens,
ifosfamide, zoledronic acid, pemetrexed, and nu-
merous other chemotherapeutic agents.”>”® These
drugs can induce direct cellular toxicity as a re-
sult of their transport through tubular cells, in-
duction of mitochondrial injury, oxidative stress,
and activation of apoptotic signaling pathways
within cells.”>”

There are no well-established therapies to treat
these forms of acute kidney injury, apart from
drug discontinuation and supportive measures.
Other drug-induced forms of acute kidney injury
include obstructive and inflammatory interstitial
injury resulting from intratubular crystal pre-
cipitation induced by methotrexate and intersti-
tial nephritis from various chemotherapeutic
agents, such as ifosfamide, carboplatin, and doxo-
rubicin.”>7

Targeted agents, defined as drugs designed to
target specific gene mutations in malignant tis-
sue, inhibit oncogenic signaling cascades associ-
ated with tumor growth. These agents, which are
effective in the treatment of several cancers,”®
have become a prominent cause of acute kidney
injury. As with chemotherapeutic drugs, targeted
agents cause injury in all nephron segments.
Acute kidney injury, low-grade and nephrotic
proteinuria, hypertension, and electrolyte distur-
bances are observed with many of these drugs.
Vascular injury and glomerular injury occur with
antiangiogenesis drugs targeting vascular endo-
thelial growth factor.”®” Although a number of
lesions have been described in association with
these drugs, thrombotic microangiopathy (associ-
ated with agents targeting vascular endothelial
growth factor) and focal segmental glomerulo-
sclerosis (associated with tyrosine kinase inhibi-
tors) are the most common and are frequently
associated with acute kidney injury.”

Therapy with the BRAF (serine—threonine pro-
tein kinase) inhibitors, vemurafenib and dabraf-
enib, is complicated by a dose-related acute
kidney injury, which appears to be due to acute
tubulointerstitial injury, although the histologic
data available in these cases are limited.*® The

N ENGL J MED 376,18

mechanism of kidney injury with BRAF inhibi-
tors is unknown but may involve interference
with the downstream mitogen-activated protein
kinase pathway, which increases renal suscepti-
bility to ischemic tubular injury. Drug discon-
tinuation is associated with reversal of acute
kidney injury in approximately 80% of cases.®
The anaplastic lymphoma kinase 1 inhibitor,
crizotinib, causes acute kidney injury through
tubular injury and is associated with renal cyst
formation, as well as electrolyte disturbances in
rare cases.’%

Immunotherapy, such as treatment with inter-
feron and high-dose interleukin-2, as well as
drugs that stimulate the host’s immune system
to destroy cancer cells, such as checkpoint in-
hibitors and chimeric antigen receptor T cells,¥%”
may also cause acute kidney injury. Interferon is
associated with high-grade proteinuria, acute kid-
ney injury, and evidence of glomerulopathies —
minimal change disease and focal segmental
glomerulosclerosis — on kidney biopsy.?* Inter-
feron-related glomerular injury may be due to
direct binding of interferon to podocyte receptors
and alteration of normal cellular proliferation.®
Macrophage activation and skewing of the cyto-
kine profile toward interleukin-6 and interleu-
kin-13, which may affect permeability in podo-
cytopathies, are also possible mechanisms.
Drug discontinuation (with or without glucocor-
ticoid therapy) is effective in reversing acute
kidney injury and proteinuria in patients who
have minimal change disease but is less effective
in those with focal segmental glomerulosclerosis,
especially collapsing focal segmental glomerulo-
sclerosis.?

The |checkpoint inhibitors ipilimumab, nivolu-
mab, and pembrolizumab Jactivate host T cells
to enhance tumor killirk by preventing tumor
ligand binding to cytotoxic T-lymphocyte anti-
gen 4 and programmed death 1 receptors, which
deactivate T cells. However, this effect causes
loss of self-tolerance (and perhaps tolerance of
other drugs), leading to various forms of autoim-
mune injury, including acute interstitial nephritis,
which is associated with moderate-to-advanced-
stage acute kidney injury.®>%¢|Glucocorticoid ther-
apy and drug discontinuation generally reverse
acute kidney injury due to treatment with check-
point inhibitors.*>* Chimeric antigen receptor
T cells are engineered to express receptors that
recognize and bind tumor antigens, ultimately
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directly targeting and destroying cancer cells.
Such therapy, however, may be complicated by
the cytokine release syndrome, which can result
in capillary leak and prerenal azotemia.®”

TREATMENT DECISIONS
FOR PATIENTS WITH CANCER
AND ACUTE KIDNEY INJURY

Both the short-term and long-term outcomes of
acute kidney injury in patients with cancer are
poor, with one study showing a [60-day [survival
rate of only [14%.5* However, selected patients
can benefit from aggressive care; thus, decisions
regarding the initiation of dialysis are complex
and require input from the entire care team to
assess the reversibility of the acute injury, the
longer-term cancer prognosis, and the quality of

life before the acute injury.® Furthermore, the
patient’s preferences must be considered in the
decision regarding dialysis initiation. The pro-
cess of shared decision-making is recommended
for working through the issues regarding dialy-
sis initiation in these complex situations.”®

SUMMARY

Acute kidney injury in patients with cancer has
diverse causes and negative outcomes. Efforts to
prevent acute kidney injury in this patient popu-
lation are likely to improve outcomes and allow
patients to reap the benefits of advances in can-

cer treatments.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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