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Abstract Nephrotoxicity isan inherent adverse effect of certain anticancer drugs. Renal

dysfunction can be categorised as prerenal uraemia, intrinsic damage or postrenal
uraemiaaccording to the underlying pathophysiological process. Renal hypoper-
fusion promulgates prerenal uraemia. Intrinsic renal damage results from prolonged
hypoperfusion, exposure to exogenous or endogenous nephrotoxins, renotubul ar
preci pitati on of xenobi oti csor endogenous compounds, renovascul ar obstruction,
glomerular disease, renal microvascular damage or disease, and tubulointerstitial
damage or disease. Postrenal uraemia is a consequence of clinicaly significant
urinary tract obstruction. Clinical signs of nephrotoxicity and methods used to
assess renal function are discussed.

Mechanisms of chemotherapy-induced rena dysfunction generally include
damageto vasculature or structures of thekidneys, haemolytic uraemic syndrome
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and prerenal perfusion deficits. Patientswith cancer are frequently at risk of renal
impairment secondary to disease-related and iatrogenic causes.

This article reviews the incidence, presentation, prevention and management
of anticancer drug-induced renal dysfunction. Dose-related nephrotoxicity sub-
sequent to administration of certain chloroethylnitrosoureacompounds (carmust-
ine, semustineand streptozocin) iscommonly heral ded by increased serum crestinine
levels, uraemia and proteinuria. Additional signs of streptozocin-induced neph-
rotoxicity include hypophosphataemia, hypokalaemia, hypouricaemia, renal tu-
bular acidosis, glucosuria, aceturia and aminoaciduria. Cisplatin and carboplatin
cause dose-related renal dysfunction. In addition to increased serum creatininelevels
and uraemia, electrolyte abnormalities, such as hypomagnesaemia and hypoka-
laemia, are commonly reported adverse effects. Rarely, cisplatin has been impli-
cated as the underlying cause of haemolytic uraemic syndrome. Pharmaceutical
antidotesto cisplatin-induced nephrotoxicity include amifostine, sodium thiosul -
fate and diethyldithiocarbamate. Dose- and age-related proximal tubular damage
isan adverseeffect of ifosfamide. In addition to renal wasting of electrolytes, glucose
and amino acids, Fanconi syndrome, ricketsand osteomal aciahave occurred with
ifosfamide treatment.

High dose azacitidine causesrena dysfunction manifested by tubular acidosis,
polyuriaand increased urinary excretion of electrolytes, glucose and amino acids.
Haemolytic uraemiais arare adverse effect of gemcitabine. Methotrexate can cause
increased serum creatinine levels, uraemiaand haematuria. Acuterenal failureis
reported foll owing administration of high dose methotrexate. Urinary alkalisation
and hydration confer protection against methotrexate-induced renal dysfunction.
Dose-related nephrotoxicity, including acute rena failure, are reported subse-
guent to treatment with pentostatin and diaziquone. Acute renal failureisarare
adverse effect of treatment with interferon-a. Haemolytic uraemic syndrome oc-
curs with mitomycin administration. A mortality rate of 50 to 100% is reported
in patients devel oping mitomycin—induced haemolytic uraemic syndrome. Cap-
illary leak syndrome occurring with aldesl eukin therapy can causerenal dysfunc-
tion. Infusion-related hypotension during infusion of high dose carmustine can
precipitate rena dysfunction.

1. Renal Dysfunction in the Patient
with Cancer

Nephrotoxicity is an inherent toxicity of certain
anticancer drugs (table I). Impaired renal function
also occurs subsequent to the infusion-related ad-
verse effects of some anticancer agents. Renal dys-
function isaproblematic adverse effect that can hin-
der continued administration of anticancer treatment,
in addition to impeding the optimal use of ancillary
and supportive medications and measures.

Renal dysfunction isgenerally classified as pre-
renal, intrinsic, or postrenal, according to the under-
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lying pathophysiological cause of impairment rel-
ative to the kidneys. Prerenal uraemia is a conse-
guence of renal hypoperfusion, which can occur sec-
ondary to hypovolaemia, low cardiac output, renal
vasoconstriction, impaired autoregulation of renal
blood flow and hyperviscosity syndrome. Charac-
teristic laboratory findings include increased se-
rum creatinine and blood urea nitrogen levels, and
reduced urinary sodium excretion. Therenal tubules
remain intact and functional with rapid recovery of
normal renal blood flow and glomerular ultrafiltra-
tion.[ However, severe and prolonged renal hy-
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Table I. Anticancer drugs with inherent nephrotoxicity

Alkylating and platinating agents
Chloroethylnitrosoureas
carmustine
semustine
streptozocin

Cisplatin
Carboplatin
Ifosfamise

Antimetabolites
Azacitidine
Gemcitabine
Methotrexate
Pentostatin

Miscellaneous
Diaziquone
Interferon-a
Mitomycin

poperfusion can promote intrinsic renal damage.[1-2
In addition to ischaemia, intrinsic renal damage
can result from exposure to nephrotoxic xenobiot-
ics, release of endogenous nephrotoxins, precipita-
tion of xenobioticsor endogenous compoundswithin
the renal tubules, renovascular obstruction, glo-
merular disease, renal microvascul ature damage or
disease, and tubul cinterstitial damage or disease.[!!

Intrinsic renal dysfunction, which can developin
an insidious or fulminate manner, is evidenced by
|aboratory findings that correlate with the anatom-
iclocation and degree of damage.[%2 Clinical signs
of injury to the renal tubules includes electrolyte
wasting, renal tubular acidosis, loss of urine con-
centrating ability and reductionin therate of glomer-
ular filtration. Glucosuria, amino aciduria, increased
excretion of uric acid and increased excretion of
small proteins can accompany tubular damage.[!
Fanconi syndrome is distinguished by generalised
proximal tubular dysfunction with excess urinary
excretion of serum sodium, bicarbonate, potassium,
phosphorous, uric acid, amino acids and glucose. In
fact, rickets or osteomalacia can evolve from se-
vere and prolonged periods of hypophosphataemia
and metabolic acidosis in patients with Fanconi
syndrome.[¥ Increased urinary excretion of alanine
aminopeptidase, N-acetyl-[3-D-glucosaminidase
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(NAG), az-acid glycoprotein, or >-microglobulin
isused asamarker of proximal tubular lesions.[4-9
Disruption of glomerular integrity is distinguished
by proteinuria. Increased urinary excretion of al-
bumin, or immunoglobulin is used as a marker of
glomerular damage.[7-1011]

Postrenal uraemia results from mechanical ob-
struction of urine outflow. Clinically significant
urinary tract obstruction occurswith obstruction of
the urethra, bilateral ureteral obstruction or unilat-
eral ureteral obstruction in a person with a single
functioning kidney or chronic renal failure.[!]

Thorough assessment of renal function in adult
and paediatric patients optimally includes concur-
rent evaluation of glomerular filtration, proximal
tubular function and distal tubular function. This
can beachieved through abattery of testsincluding
measurement of serum chromium-51 ethylenediam-
ine tetra-acetic acid (°1Cr-EDTA) clearance to as-
sess glomerular filtration rate. Proximal tubular
function isevaluated by means of fractional excre-
tion of glucose, uric acid, calcium, phosphorous
and magnesium. Determination of therenal thresh-
old for phosphate, bicarbonate excretion and low
mol ecular weight protein excretion arealso used to
gauge proximal tubular function. Urine osmolality
and pH are used to evaluate distal tubular function.
Combined with urinalysis for excretion of proteins,
enzymes, cells, casts and sediment, the aforemen-
tioned tests provide acomprehensive picture of the
extent and anatomic |location of kidney damage.[*Z
M easurement of lithium clearance provides a use-
ful tool to assess glomerular filtration and proxi-
mal tubular reabsorption of isoosmotic fluid.[*3] In
clinical practice, estimation of glomerular filtra-
tion rate using creatinine clearance is used exten-
sively to assess renal function.

Creatinine clearanceisoptimally determined by
a 24 hour collection of urinary creatinine, although
collection times of 8 to 24 hours have been suc-
cessfully utilised.!14-18] Although, the most expedi-
ent method routinely employed is calculation of
creatinine clearance using 1 of several validated for-
mulasthat utilise patient-specific parameters, such
as age, gender, body size and serum creatinine
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level, for mathematical calculations based on the
relationship between creatinine production and ex-
cretion.[1416171 Unfortunately, serum creatinine
level, which represents the most readily accessible
tool for calculation of creatinine clearance and as-
sessment of renal function, does not always provide
an accurate indicator of creatinine clearance in the
patient with cancer.[18.19]

Reduction of serum creatinine level secondary
to lossof muscle massor limited protein intake can
cause artifactual overestimation of creatinine clear-
anceand glomerular filtration rate. Decreased mus-
clemass secondary to disease- or treatment-rel ated
effects reduces creatinine production with a sub-
sequent reduction in serum creatinine level. Rea-
sonsfor lossof musclemassin the patient with cancer
include decreased nutritional intake, cachexia, de-
creased physical activity, corticosteroid-induced
myopathy and limb amputation.[20 Therate of glo-
merular filtration can be determined by several
more stringent methods, including clearance of in-
ulin, clearance of radioactive markers [51Cr-EDTA,
technecium-99metastable diethylenetriamine penta-
acetic acid (**™Tc-DTPA), technecium-99metasta-
ble mercaptoacetyltriglycine (**"Tc-MAGS3),
125| - othal amate, 31| -dliatrizoate] and clearance of
radiocontrast agents (iothal amate, diatrizoate), al-
though these tests are generally reserved for usein
clinical research.[14-16.21]

M echanisms of chemotherapy-induced rena dys-
function commonly include damage to vasculature
or structures of the kidneys, haemolytic uraemic
syndrome (HUS) and prerenal perfusion deficits.
Since human kidneys are perfused with approxi-
mately 20% of the resting cardiac output,22 these
organs are extensively exposed to systemic xeno-
biotics. Subsequently, the kidneys are susceptible
to injury by anticancer drugs that covalently bind
crucial cellular proteins or seriously perturb meta-
bolic function. HUS is characterised by the triad of
anaemia, thrombocytopenia and acute rena fail-
ure. Anaemiaissecondary to increased erythrocyte
destruction and accompanied by reticulocytosis,
schistocytosis and red blood cell fragmentation. In
addition, serum lactate dehydrogenaselevel and di-
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rect bilirubin can be elevated secondary to red
blood cell haemolysis. Coagulation testsincluding
prothrombin time and activated partial thrombo-
plastin time remain normal in patients with HUS.
Additional findingsinclude normal levels of fibrin
degradation products and negative direct Coomb’s
test. Microangiopathic damage, whichischaracter-
ised by fibrin deposition within the afferent arteri-
oles and glomeruli, is generally a component of
drug-induced HUS.[123] Chemotherapy-related
prerenal perfusion deficits are generally secondary
to administration of anticancer drugs that cause
moderate to severe hypotension.

Patients with cancer are frequently at risk for
renal dysfunction secondary to disease-related and
iatrogenic factors. Renal dysfunction is part of the
pathophysiological process of certain malignant
diseases, such as multiple myeloma and renal cell
cancer.[20 Patients with advanced prostate cancer
or cervical cancer are at risk for disease-related post-
renal obstructive uropathy.!!! In addition, hypercal-
caemia, which isaconsequence of multiple myelo-
ma, and someadvanced solid tumours, can precipitate
renal dysfunction. Patients with multiple myeloma
arealso at risk for prerenal uraemiafrom hypervis-
cosity syndrome. Tumour lysis syndromeresulting
from chemotherapy-induced cytolysis of certain
malignancieswith ahigh tumour burden and cellular
turnover, such as high grade lymphomas, acute
myel ogenous leukaemias and acute lymphoblastic
leukaemias, is another cause of renal impairment
in the patient with cancer.[2?! Moreover, the inci-
dence of malignant disease increases as age in-
creases [24- Since a steady decline in glomerular
filtration normally accompanies the aging process,[17]
geriatric patients have alower threshold for debil-
itating nephrotoxicity. Aspatientsagethey arealso
more likely to develop comorbid conditions such
as hypertension, diabetes mellitus and heart failure
that makethe kidneys morevulnerabletoinjury.[23]
In the paediatric patient, developmental changes
occurring from term to 3 to 5 years of age effecting
proximal tubular function and, to alesser degree,
glomerular function may increasethe vulnerability
of young kidneys to toxic insults.[26-281 The occur-
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rence of sepsis-related hypotension, or the need for
nephrotoxic antimicrobia therapy promote renal
impairment in the patient with persistent febrile neu-
tropenia following chemotherapy. Furthermore,
renal failureisacomponent of disease- or regimen-
rel ated hepatorenal failure or multiorgan failure.[29]

Administration of nephrotoxic anticancer, an-
cillary and supportive care drugs is limited in the
patient with renal impairment to reduce the likeli-
hood of exacerbating deterioration of organ func-
tion. Moreover, administration of renally eliminated
anticancer, ancillary and supportive care drugs is
limited in the patient with renal impairment to re-
duce the likelihood of adverse effects from sys-
temic drug accumulation. The decision to reduce
drug doses, or interrupt therapy in the management
of patients with cancer and renal dysfunction must
aways be made with respect to the ultimate goal
of therapy and the patient’s baseline health. Greater
drug-induced toxicity is deemed acceptable during
curative treatment of cancer versus palliative ther-
apy or best supportive care. In addition, comorbid
conditions can greatly impact the patient’s ability
to withstand adverse effects subsequent to antican-
cer drug therapy.

Clinical trials, clinical series and case reports
describing the occurrence, pathophysiology, clini-
cal presentation, prevention and management of an-
ticancer drug-induced renal dysfunction were
identified through a search of the English language
literaturefrom 1966 to 2000 using Medline. Search
terms used included specific anticancer drug names,
nephrotoxicity, haemolytic uraemic syndrome and
renal failure. The purpose of thisarticleistoreview
anticancer drug-induced renal dysfunction and ap-
proaches used to manage this adverse effect.

2. Nephrotoxicity of Anticancer Drugs

2.1 Alkylating and Platinating Agents

2.1.1 Chloroethylnitrosoureas

The chloroethylnitrosoureas carmustine, sem-
ustine and streptozocin are alkylating agents with
activity against an array of tumour types. Delayed
and protracted bone marrow suppression is gener-
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aly the dose-limiting adverse effect of treatment
with carmustine or semustine. Less commonly, pul-
monary fibrosis occurs subseguent to treatment with
these agents. In contrast, severe gastrointestinal
toxicity can limit administration of streptozocin.
Long term administration of chloroethylnitrosou-
rea anticancer drugs can produce renal dysfunc-
tion. Renal dysfunction is common in patients re-
ceiving acumul ative carmustine or semustine dose
of 1200 mg/m? or greater.[30-321 Renal impairment
has been reported in 26% (7 of 27) patientsreceiv-
ing semustine 21400 mg/m? (200 mg/m? every 6
weeks) for treatment of malignant melanoma, and
99% (17 of 18) patients receiving carmustine or
semustine 1400 mg/m? (200 mg/m? every 8 weeks)
for the treatment of brain tumours.[31

Common signs of chloroethylnitrosourea-
induced nephrotoxocity include increased serum
creatinine levels, uraemia and proteinuria.[30:31.33]
An elevation of serum creatinine level is noted in
most patients 1 to 24 monthsfollowing completion
of therapy with carmustine or semustine.[31:32 |n-
creasing serum creatinine level during the course
of therapy with semustine has preceded acute renal
failure in 2 of 2 patients with malignant melano-
mal3% |n addition to increased serum creatinine
level, uraemiaand proteinuria, signsof streptozocin-
induced nephrotoxicity include hypophosphatae-
mia, hypokalaemia, hypouricaemia, rena tubular
acidosis, glucosuria, acetouria and aminoacid-
uria.[343% Hypophosphataemia, which has been
observed after the first dose, is often the earliest
sign of renal dysfunction from streptozocin.!3¥ Re-
nal dysfunction from administration of carmustine,
semustine, or streptozocin can continueto progress
despitediscontinuation of the chloroethylnitrosourea
drug.[3¥ Haemodialysis has been required for the
management of some patients with chloroethyl-
nitrosourea-induced anuria and life-threatening
electrolyte abnormaliti es,[30-32:36]

Pathological findings obtained from percutane-
ous biopsy or at autopsy included glomerular scle-
rosis, glomerular basement membrane thickening,
focal areas of tubular atrophy, focal areas of inter-
gtitial necrosis, plus arterial and arteriolar sclero-
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sis.[30-3226] pathological findings from patients
with clinically severe rena dysfunction included
widespread glomerular sclerosis and obliteration
of capillary lumens.[3 rregular and hyperchromic
DNA hasbeen observed inthe nuclei of glomerular
and tubular cells.[3031 Animal studiesreveal acor-
relation between semustine-induced nephrotoxic-
ity with alkylation of renal tubular macromole-
cules.[37]

Ancillary treatments or antidotes useful for the
reduction of chloroethylnitrosourea-induced neph-
rotoxicity have not been identified. Carmustine,
semustine and streptozocin should be used with
great caution in patients at risk for renal dysfunc-
tion. If possible, these agents should be discon-
tinued in the patient with signs of acute renal dys-
function.

2.1.2 Cisplatin and Carboplatin

The platinating agents cisplatin and carboplatin
have dose-related anticancer activity against a
wide variety of tumour types. Substitution of chlo-
rine constituents subsequent to aguation of cis-
platin rapidly yields a reactive moiety that is re-
sponsible for the anticancer and toxic drug effects.
The anticancer effect of this agent is secondary to
DNA intrastrand crosslinking and adduct forma-
tion.[3839 Cisplatin also forms chemical bonds
with RNA and protein. Hydrolysis of carboxylato
groups within carboplatin must precede aguation
and evolution of the reactive cytotoxic species.[4041]
Dose-related nephrotoxicity isthe prominent dose-
limiting toxicity of cisplatin.[*? Although myelo-
suppression is the primary dose-limiting adverse
effect of carboplatin, nephrotoxicity is the dose-
limiting toxicity when this agent is used in high do-
sages with stem cell rescue and colony-stimulating
factor support.[43.44]

A 20 to 40% reduction of glomerular filtration
rate (GFR) following treatment with cisplatiniscom-
mon. Reduction of mean GFR from 109 ml/min to
68 ml/min following three 21 day cycles of cis-
platin 200 mg/m?2 (40 mg/m?/day for 5 days) isre-
ported.[1% GFR was assessed by measurement of
serum 51Cr-EDTA clearance. Interestingly, this
study found a good correlation between 51Cr-EDTA
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clearance and measured creatinine clearance be-
fore initiation of chemotherapy and 3 months or
later following initiation of chemotherapy, with a
poor correlation between 51Cr-EDTA clearance and
measured creatinine clearance during the periods
immediately preceding or following actual chemo-
therapy administration. Moreover, during the ac-
tual treatment period serum creatinine level was a
poor predictor of 51Cr-EDTA clearance and tended
to normalise despite reduced 31Cr-EDTA clear-
ance.[1]

Measurement of renal function in 22 paediatric
patients (ages 1.3 to 10 years) receiving cisplatin
100 mg/m? every 21 to 28 days for neuroblastoma
(n = 20) or malignant germ cell tumours (n = 2)
revealed a mean reduction in GFR of 8% per cycle
cisplatin.['® Measured 24 hour creatinine clear-
ance did not correspond closely with concurrent
measurement of 51Cr-EDTA clearance. Measured
creatinine clearances varied from S1Cr-EDTA clear-
ance by amean of 41% overall, and 67% in patients
with GFR <60 ml/min. Moreover, a serum creati-
nine level within the normal range was a frequent
finding in patients with regimen-related renal dys-
function. Additional cytotoxic drugs administered
to patients with neuroblastoma included vincris-
tine, cyclophosphamide and teniposide. Patientswith
malignant germ cell tumours also received bleo-
mycin and vinblastine.[19

Retrospective analysis of 22 patients with tes-
ticular cancer treated with 1to 5 cyclesof cisplatin-
based chemotherapy reported a reduction in mean
GFR from 137 ml/min to 106 ml/min. GFR was
evaluated by serial measurement of 51Cr-EDTA
clearance.[*! Medical records of 17 patients indi-
cated normalisation of GFR and improvement of
rena function in respectively 12 and 18% of pa-
tients. Impaired renal function remained stable in
41% and continued to decline in 29% of patients.
Patients received a cumulative cisplatin dose of
180 to 900mg.[4%!

M easurement of creatinine clearance at 6 month
intervals in 15 patients with testicular cancer re-
ceiving 3 or more cyclesof cisplatin 100 mg/m? (20
mg/m?/day for 5 days) repeated every 21 days re-
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vealed a reduction in mean creatinine clearance
from 112 ml/min to 68 ml/min during theinitial 6
month period following initiation of treatment.[18l
A corresponding increase in serum creatinine and
blood urea nitrogen levels was reported. Addi-
tional chemotherapy administered included vin-
blastine and bleomycin.[8l

Kidney function throughout 3 cycles of high
dose cisplatin was monitored in 30 patients (age 18
to 52 years) undergoing treatment for poor progno-
sis germ cell tumours.[*8] The chemotherapy regi-
men included cisplatin 40 mg/m2/day for 5 days,
and etoposide 200 mg/m?/day for 5 days. Patients
received a cumulative cisplatin dosage of 800 to
1200mg. All patients had anormal rate of glomer-
ular filtration (78 to 139 ml/min/1.73 m?), as as-
sessed by ®1Cr-EDTA clearance, at study entry.
Mean plasma clearance of 51Cr-EDTA decreased
significantly, from 123 ml/min to 92 ml/min, after
the first cycle of chemotherapy. GFR continued to
decline throughout subsequent cycles of chemo-
therapy. The mean GFR 6 months following the in-
itiation of chemotherapy, was 89 ml/min. Addi-
tional chemotherapy drugs administered included
etoposide and bleomycin.[46]

Results of 1 study indicated that concurrent ad-
ministration of aminoglycoside antibioticsincreased
the degree of cisplatin-induced renal impairment.[18]
Furthermore, older patients demonstrate reduced
clearance of total and unbound platinum, with in-
creased severity of cisplatin-induced nephrotoxic-
ity.[7:47

Electrolyte abnormalities subsequent to cis-
platin administration occur acutely and can persist
for years following cessation of therapy. Hypomag-
nesaemiais afrequent adverse effect of treatment
with cisplatin. In fact, hypomagnesaemia occurs
more commonly following cisplatin than hypokal -
aemia, other eectrolyte abnormalities, or acid-base
disorders.[48-50

The incidence of hypomagnesaemia is related
to the cumulative cisplatin dose, and may be in-
versely related to the duration of each administra-
tion interval .15 The incidence of hypomagnesae-
mia following cisplatin 50 mg/m? in combination
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with vincristine, cyclophosphamide, lomustine
and doxorubicin for the treatment of lung cancer
was 41% (11 of 27 patients) after the first cycle,
86% (12 of 14 patients) after the fifth cycle, and
100% (2 of 2 patients) following the sixth cycle of
chemotherapy.[>® Hypomagnesaemia, coincident
with increased renal excretion of magnesium, oc-
curred in 30 of 30 patients (age 18 to 52 years)
receiving a cumulative cisplatin dosage of 800 to
1200mg for the treatment of germ cell tumours.
Decreased serum magnesium level was noted after
thefirst cycle of cisplatin 40 mg/m2/day for 5 days.
Patients received concurrent etoposide and
bleomycin.[48]

The mean cumulative dose of cisplatin precipi-
tating persistent hypomagnesaemia in 10 of 22
paediatric patients (age 1 to 15 years) treated with
various platinum-containing chemotherapy re-
gimens was 500 mg/mZ2.[48l Albeit, increased mag-
nesuria and decreased serum magnesium level
were detected soon after initiation of cisplatin ther-
apy in each of the 22 evaluated patients. Chronic
hypomagnesaemia, accompanied by a moderately
elevated serum creatininelevels, was reported in 6
of 18 patientsfollowed for amean of 2.3 yearsafter
discontinuation of cisplatin. Chronic hypocalciu-
riaand hypokal aemiawerereported in respectively
5 and 1 of the 18 paediatric patients followed for a
mean of 2.3 years after compl etion of treatment with
cisplatin. Interestingly, this series failed to find a
correlation between the total dose of cisplatin, or
the duration of time from last cisplatin dose, and
chronic hypomagnesaemia. Although comparison
of patients receiving different doses and adminis-
tration schedules of cisplatin may confound this
issue.[8]

Proximal tubular damage, which istheinitial
toxic effect, isfollowed by disruption of glomeru-
lar filtration and impaired distal tubular func-
tion.[”19 The character of acutekidney damagefol-
lowing administration of cisplatin 100 mg/m? to
chemotherapy naive patients with squamous cell
cancer of the head/neck or oesophagushasbeen eval -
uated by measurement of urinary aj-acid glyco-
protein, albumin and immunoglobulin G (1gG) ex-
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cretion.[”) Increased excretion of a;-acid glycopro-
tein provides a measure of proximal tubular in-
jury,t8l whereasincreased excretion of albumin and
IgG represents disruption of glomerular filtra-
tion.['Y During the first 24 hours following drug
administration, marked elevation of urinary a;-
acid glycoprotein was observed in 80% of patients
(n=10). Three weeksfollowing cisplatin adminis-
tration, the urinary excretion of aj-acid glycopro-
tein decreased; however, it remained elevated
above baseline in 67% of patients evaluated (n =
9). In contrast, urinary excretion of albumin and
IgG increased modestly 24 hours following cis-
platin administration in respectively 30 and 20% of
patients (n = 10), with measurement of markedly
increased urinary albumin and IgG excretion 3
weeks after drug administration.!”]

The anatomic location of kidney damage fol-
lowing administration of combination chemother-
apy including cisplatin 200 mg/m?2 (40 mg/m?2/day
for 5 days) repeated every 21 days to 30 patients
with poor prognosis germ cell tumours has been
evaluated by measurement of urinary excretion of
B2-microglobulin as a marker of proximal tubular
damagel®! and 1gG as amarker of glomerular dam-
age.[10.11] The chemotherapy regimen alsoincluded
etoposide and bleomycin. Analysis of urinary pro-
tein excretion before cisplatin administration, plus
days 6, 9 and 16 of the chemotherapy cyclereveaded
asignificant elevation of urinary 3,-microglobulin
during the first week of each cycle with a sub-
sequent decline during the second and third week
of each cycle. Urinary excretion of albumin and
IgG were increased significantly when measured
day 9 of the first chemotherapy cycle. Urinary ex-
cretion of abumin increased in the same manner
with the second cycle of chemotherapy, and re-
mained elevated when measured prior to the third
cycle of chemotherapy. The pattern of urinary 1gG
excretion was comparable to that of albumin, al-
though the fluctuation did not reach statistical sig-
nificance.l® The findings of the aforementioned
studies support acute proximal tubular damagefol-
lowed by a progressive loss of filtration capability
conseguent to administration of cisplatin.
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Saline-based hydration and diuresisare routine-
ly utilised to minimise nephrotoxicity by reduction
of renal drug exposure with dilution of cisplatin
passing through the renal tubules and decreasing
transit time.l153 As indicated by body size, car-
diac function and renal function, infusion of 0.9%
sodium chloride 1to 4 litreswithin the 24 hour period
of cisplatin administration is generally adequate to
reduce nephrotoxicity. The goal of hydration is to
maintain at least 125 mi/h (1.7 L/m?/24h) of urine
output.[3354 Hypertonic saline (sodium chloride
3%) has been used to reduce cisplatin-induced ne-
phrotoxicity. The protective effect of hypertonic sa-
line may be secondary to an augmented chloride
level which stabilises cisplatin and reduces evolu-
tion of thereactive aguated platinum specieswithin
the renal tubules.[555€] Widespread use of hyper-
tonic saline is limited by inconsistent findings of
renoprotection,[>4 and an increased risk of adverse
effects relative to isotonic saline.

Mannitol iscommonly administered asan ancil-
lary medication to reduce cisplatin-induced neph-
rotoxicity. The protective mechanism is presumably
conferred by drug dilution within the renal tubules
secondary to expansion of urine volume by manni-
tol.[51.5257] The utility of furosemide for reduction
of cisplatin-induced nephrotoxicity is controver-
sial;!531 however, this loop diuretic is commonly
used to maintain adeguate urine output during ad-
ministration of ancillary vigorous hydration. Prompt
repletion of serum magnesium level deficits and
administration of supplemental magnesium reduce
therisk of adverse effects from hypomagnesaemia.
Administration of cisplatin as divided daily doses
or a continuous infusion may reduce nephrotoxic-
ity by decreasing the intensity by renal drug expo-
sure.[5859]

Pharmaceutical antidotes to cisplatin include
amifostine, sodium thiosulfate and diethydithio-
carbamate. Amifostine (WR 2721) is an organic
thiophosphate prodrug that is metabolised to the
sulfhydryl donor WR 1065. Preferential direction
of WR 1065 to nonmalignant cellsisinfluenced by
the distribution of activating enzymes. Conversion
is achieved by alkaline phosphatase enzymes which

Drug Safety 2001; 24 (1)



Anticancer Drug-Induced Kidney Disorders

27

are more prevalent on normal versus malignant
cells. In addition to exposing the sulfhydryl constit-
uent, cleavage of the phosphate group from ami-
fostine markedly increases the drug’s lipophilicity
which facilitates intracellular distribution.[60.61]
The nephrotoxicity of cisplatin is reduced with
amifostine pretreatment. Administration of ami-
fostine 740 to 910 mg/m? <15 minutes before cis-
platin 100 to 120 mg/m? every 21 to 28 days for 5
to 6 cycles reduces the incidence of regimen-re-
lated nephrotoxicity.[62-64 Moreover, amifostine
has not been shown to interfere with the anticancer
effect of cisplatin, carboplatin, or other chemother-
apeutic agents.[62:64]

The cyanide antidote, sodium thiosulfate, has
been studied as an antidote for cisplatin-induced
nephrotoxicity.[6266] Sodium thiosulfate acts as a
competitive ligand for aquated cisplatin mole-
cules, subsequently it is capable of reducing drug-
induced toxicity and anticancer activity.[66-68] Syb-
sequently, the principal use of sodium thiosulfate
has been as an intravenous infusion (4 g/m? bolus,
followed by 2 g/m?/hr for 5 to 12 hours) adminis-
tered concurrently with intraperitoneal cisplatin
(90 to 270 mg/m?) to reduce regimen-rel ated neph-
rotoxicity.[66:68 Theincidence of renal dysfunction
subsequent to intraperitoneal administration of cis-
platin (100 to 200 mg/m?) and concurrent intrave-
nousinfusion of thiosulfateis 2 to 4% of treatment
courses.[68:69]

The disulfiram metabolite diethyldithiocarba-
mate, which isachel ating agent used asan antidote
for heavy metal poisoning, has shown some prom-
ise as an antidote to cisplatin-induced nephrotox-
icity in preclinical and clinical studies.[’®7 How-
ever, theclinical utility of thisagent may belimited
by adverse effects that occur frequently at doses
necessary to confer renal protection. Common ad-
verse effects observed with administration of di-
ethyldiothiocarbamate include diaphoresis, chest
discomfort, flushing, hypertension and anxiety.[7}]
Additional antidotes undergoing preclinical test-
ing include an organic selenium containing com-
pound known as ebselen, and therenal cortex uptake
inhibitor betamipron.[7273]
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The maximum tolerated dose of carboplatin with-
out stem cell transplantation is 1200 mg/m?2. Stem
cell transplantation allows dose-escal ation of carbo-
platin to 2.1 g/m?, at which point nephrotoxicity,
ototoxicity and hepatitis become dose-limiting.[74
Common signs of carboplatin-induced nephrotox-
icity include increased serum creatinine levels, ur-
aemia and electrolyte abnormalities. Extreme cases
of renal failure may require haemodialysisfor cor-
rection of serum electrolytesand fluid balance. Tran-
sient renal dysfunction occursfrequently, andirre-
versible renal dysfunction occurs infrequently
following administration of high dose carbopla-
ti n.[43.75-81]

Evaluation of renal function in 23 children (age
0.4 to 15 years) treated with various regimens of
carboplatin revealed decreased GFR, and de-
creased serum magnesium level subsequent to
treatment.[82 The mean dose of carboplatin admin-
istered per cycle was 648 mg/m? (range 454 to 1194
mg/m?2). The median cumulative dose and dosein-
tensity of carboplatin administered were respec-
tively 2590 mg/m? (range 1364 to 7133 mg/m?) and
169 mg/m2/week (range 106 to 282 mg/m2/week).
The mean reduction of GFR, asassessed by measure-
ment of 51Cr-EDTA clearance, was22 ml/min/1.73 m2,
The mean reduction of serum magnesium level fol-
lowing treatment was 0.17 mmol. In the majority
of patients, GFR and serum magnesium level de-
creased most dramatically during the first month
following carboplatin administration. Moreover,
post-treatment changesin renal function and serum
magnesium levels did not markedly improve or
worsen at 6-, 12- and 24-month follow-up. Meas-
ures of renal toxicity that did not change markedly
in this patient group included ionised serum cal-
cium level, fractional excretion of magnesium,
fractional excretion of glucose and urinary excre-
tion of certain proteins [retinol binding protein,
| actate dehydrogenase, al anine aminopeptidase, al -
kaline phosphatase, NAG]. Cumulative carboplatin
dose was related to mean post-treatment reduction
of serum magnesium level. Interestingly, carbo-
platin cumulative dose, calculated area under the
concentration versustimecurve, and doseintensity
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were not shown to be statistically significant pre-
dictors of regimen-related renal dysfunctioninthis
study.[82]

The area under the concentration time curve for
carboplatin was cal cul ated using the paediatric for-
mula validated by Newell et al.[83 Additional
nephrotoxins administered during or following car-
boplatin administration included high dose metho-
trexate (n = 3), aminoglycosides (n = 4), and am-
photericin B (n = 4). All of the children had received
carboplatin prior to study enrollment, although
none had previous treatment with cisplatin or ifos-
famide.[82

High dose carboplatin (1 to 2.1 g/m?) is gener-
aly administered in combination with other chemo-
therapy drugs such as ifosfamide, etoposide, mel-
phalan, vincristine and cyclophosphamide.[43.7581]
Nephrotoxicity is reported with concurrent admin-
istration of high dose carboplatin and melphalan
preceding autol ogous bone marrow transplantation
for treatment of neuroblastoma. Vincristine and eto-
posidewere also administered; however, theseagents
are not suspected of contributing to the regimen-
related nephrotoxicity.

Acute renal failure occurred in 4 of 16 patients
(age 16 months to 14 years) receiving carboplatin
1 g/m?, melphalan 180 mg/m?, vincristine 1.5 mg/m?
and etoposide 250 mg/m? prior to autologous bone
marrow transplantation.[84! Patients received al 4
chemotherapy drugs within a6 hour period of time
2 days preceding theinfusion of bone marrow. Glo-
merular filtration was assessed using 51Cr-EDTA
clearancebeforetreatment, then 3 days, and 7 months
following bone marrow transplantation. An in-
crease in serum creatinine level was noted within
24 hoursof chemotherapy administrationin 4 of 16
patients. Serum creatinine level began to increase
on the day of chemotherapy, or within 48 hours of
chemotherapy administration for all patients pro-
gressing to acute renal failure. Three of 4 patients
with acute renal failure required dialysis, individ-
ually for aperiod of 3 days, 14 days and 136 days.
GFR was reduced by a mean of 24% in 10 patients
evaluated 7 months following transplantation.[84!
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WHO gradelll to 1V renal dysfunction occurred
in 3 of 20 patients (age 2.5to 12 years) treated with
high dose carboplatin 1 to 1.75 g/m?, melphalan
140 to 180 mg/m?2, vincristine 2 mg/m? and etopos-
ide 1 g/m?, divided over a 6 day period prior to
autologous bone marrow transplantation.[8® Pre-
vious treatment for most of these patientsincluded
combination chemotherapy with cisplatin, vincris-
tine, cyclophosphamide and etoposide or tenipos-
ide. In addition, combination chemotherapy in-
cluding both carboplatin and ifosfamide increases
the risk of rena dysfunction since each of these
agents is inherently nephrotoxic. Vigorous saline-
based hydration, 3 L/m?2/24h, with appropriate di-
uretic use to maintain fluid balance is utilised with
high dose carboplatinto reducetherisk of regimen-
related rena dysfunction.

Cisplatin has been implicated as the precipitat-
ing factor for HUS when administered as a single
agent or in combination with bleomycin and vin-
blastine.[86-89 Onset of haemolytic uragmia after 4
courses of treatment with cisplatin (80 to 150 mg/m?)
has been reported.[86:87 Signs of HUS including
increased serum creatinine level, uraemia, in-
creased lactate dehydrogenase, anaemia, schisto-
cytosis and platelet consumption have occurred 1
to 4 months following the last cisplatin dose.[86-89
Antemortem and postmortem pathological find-
ings include cortical atrophy with focal necrosis,
increased mesangial and capillary wall thickness,
glomerular sclerosis and occlusion of afferent arte-
rioles and glomeruli by fibrin thrombi.[87:88] |nter-
ventions used for the management of cisplatin-
associated HUS have included red blood cell
transfusions, plasma exchange, fresh frozen plasma,
haemodialysis or peritoneal dialysis, aspirin (ace-
tylsalicylic acid) and dipyridamole.[87:88]

Cisplatin and carboplatin should be used cau-
tiously in patientsat risk for renal dysfunction. Ad-
equate saline-based diuresis and appropriate di-
uretic administration are crucia for reduction of
cisplatin-induced nephrotoxicity with maintenance
of proper fluid balance. Amifostine should be con-
sidered in patientsat risk for renal dysfunctionwho
requirecisplatintherapy. Adeguate saline-based di-
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uresis and appropriate diuretic administration are
important for reduction of platinum-induced neph-
rotoxicity and maintenance of proper fluid balance
in patients receiving treatment with high dose car-
boplatin. If possible, alternatives to cisplatin or
high dose carboplatin should be utilised in the pa-
tient at risk for drug-induced renal dysfunction.

2.1.3 Ifosfamide

Ifosfamideismetabolically activated to become
an akylating moiety with activity against a wide
array of tumour types. Ifosfamideisused primarily
for the treatment of certain solid tumours.

The dose-limiting adverse effects of ifosfamide
include myelosuppression and haemorrhagic cys-
titis. Haemorrhagic cydtitis is subsequent to urinary
excretion of reactive metabolites capable of bind-
ing sulfhydryl constituentswithin proteins of blad-
der epithelium. Mesna and vigorous saline-based
hydration are administered concurrently to reduce
the incidence and severity of haemorrhagic cysti-
tis.[?0 Renal dysfunction can occur with ifosfam-
ide treatment, particularly with long term and re-
peated administration. Although the exact underlying
mechanism has not been elucidated, ifosfamide-in-
duced nephrotoxicity is probably caused by reac-
tive metabolites. Mesna does not confer protection
against ifosfamide-induced nephrotoxicity.!91.92]

Cumul ative ifosfamide dose exceeding 45 g/m?
and patient age are the 2 greatest predictors of risk
for development of nephrotoxicity.[91:93-%] The
likelihood of renal dysfunction increases asthe cu-
mulative dose of ifosfamide increases.[91:93-%] |n
addition, the incidence and severity of nephrotox-
icity isgreater in patients younger than 5 years.[94.9
Evaluation of 174 paediatric patients (median age
8.7 years, range 0.4 to 21 years) receiving treat-
ment with monthly ifosfamide (median cumulative
dose 45.5 g/m?, range 12.4 to 76.6 g/m?) revealed
that the median age of patients developing severe
drug-induced nephrotoxicity was 2.2 years com-
pared with 7.0, 8.2 and 10.5 years for patients ex-
periencing moderate, mild and no nephrotoxicity,
respectively.[%! Previous or concurrent adminis-
tration of cisplatin increasesthe risk of nephrotox-
icity.[91.93-97] |nfact, increased cumul ative cisplatin
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dose has been associated with increased severity of
ifosfamide-induced renal dysfunction.[98] Admin-
istration of ifosfamide as a continuous infusion
versusintravenous bolus does not have an apparent
effect on the likelihood of nephrotoxicity.[]

Signs of ifosfamide-induced nephrotoxicity in-
clude increased serum creatinine and blood urea
nitrogen levels, oliguria and proximal tubular wast-
ing of electrolytes, glucose and amino acids. Prox-
imal tubular damage following administration of
ifosfamide occurs morefregquently than glomerular
dysfunction.[96.97.99 Proximal tubular damage is
also evidenced by increased fractional excretion of
B2-microglobulin, or increased urinary levelsof al-
anineaminopeptidase, NAG and total protein.[4573l In
fact, ifosfamide-induced renal dysfunction can
present as Fanconi syndrome, even including rick-
ets or osteomal acia.[92:93:98,100-104] ncommonly,
ifosfamide-induced renal dysfunction may prog-
ressto the point of end stagerenal diseaserequiring
long term dialysis.[%] Fanconi syndrome occursin
1 to 7% of children receiving repeated doses of
ifosfamide.[99.105.1061 M oreover, the renal effects of
ifosfamide persist following discontinuation of
therapy.

One year following treatment with ifosfamide
36 to 90 g/m? (cumulative dose) 22% (16 of 74)
cisplatin-naive paediatric patients had renal abnor-
malities including Fanconi syndrome (n = 4), in-
creased [>-microglobinuria only (n = 7) and in-
creased 3,-microglobinuriawith impaired phosphate
reabsorption (n = 5).11%%1 Fanconi syndrome and
subclinical generalised tubulopathy developed in
respectively 7 and 9% of 75 patients (median age 12
years, range 1 to 24 years) during a median of 31
monthsfollowing treatment with variousifosfamide-
containing chemotherapy regimens. Urinary ex-
cretion of amino acids and phosphorous became
markedly increased in respectively 28 and 17% of
patients. Aminoaciduria invariably preceded im-
paired phosphorous reabsorption. Severe renal
dysfunction was heralded by impaired phosphorous
reabsorption occurring early during the course of
follow-up.[1%] Eventual improvement of GFR and
resolution of electrolyte wasting hasbeen observed
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over aperiod of 3to 4 yearsfollowing ifosfamide-
induced Fanconi syndrome in a one-year-old pa-
tient treated with 2 cyclesof ifosfamide 3 g/m?/day
for 2 days. The sole remaining renal abnormality
was dlightly increased glucose excretion. Radio-
graphic evidence of rickets also resolved.[107]
Chronic tubular dysfunction persisting throughout
aperiod of 5 yearsisreported in 44% (7 of 16) and
25% (4 of 16) of patients with respectively severe
and moderate ifosfamide-induced nephrotoxicity.[9]

Serum and urinary markers of ifosfamide-in-
duced nephrotoxicity must be monitored in pa-
tients receiving repeated doses of this agent.
Ifosfamide should be used cautiously in patients at
risk for rena dysfunction, particularly those pre-
viously treated with cisplatin. If possible, ifosfam-
ide should be discontinued in patients developing
signs of moderate to severe acuterenal dysfunction
during therapy.

2.1.4 Mitomycin

Mitomycin, which isisolated from the broth of
Streptomyces caespitosus, is an alkylating agent
administered intravenously for the treatment of ad-
enocarcinoma of the stomach, pancreas and colon.
Historically, intravenous mitomycin has also been
used for the treatment of advanced breast can-
cer.[108,109]

Renal dysfunction secondary to HUS occursin
up to 10% of patients receiving mitomycin for
treatment of adenocarcinoma. Drug-induced mi-
croangiopathic haemolytic anaemia generaly man-
ifestswithin 5 to 12 months of initial treatment with
mitomycin.[110-118] patients receiving acumulative
dose of mitomycin exceeding 60mg are moreprone
to development of drug-induced HUS.[18 The
syndrome generally persists and frequently wors-
ensfollowing discontinuation of mitomycin. Com-
mon pathophysiological effects include elevated
serum creatinine level, uraemia, proteinuria, pul-
monary oedema, anaemia, elevated lactate dehy-
drogenase and elevated total bilirubin levels, throm-
bocytopeniaand hypertension. Most patients present
with acute renal failure, and many ultimately re-
quire haemodialysis.[110-118] Circulating immune
complexes, that can be separated into antibody and
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antigen components, are a prominent feature of
mitomycin-associated HUS.[110.116] Reticulocytes
and shistocytes are acommon finding on the blood
cell differential. Measures of coagulation, includ-
ing prothrombin time, partial thromboplastin time
and fibrinogen split products (fibrinogen degrada-
tion products) remain normal. Moreover serum
haptoglobulin level isnot decreased, and the direct
Coomb’s test is negative in patients with this syn-
drome.[108.111.113-117] The incidence of associated
neurological effects, including seizures and corti-
cal blindness, is 17 to 25%.[110.116.117] Mortality oc-
cursin 50 to 100% of patients developing mitomy-
cin-associated HUS. Mortality inthispopulationis
generally attributed to complications of renal fail-
ure, athough death secondary to noncardiogenic
pulmonary oedema following blood transfusions
has been reported.[1°9'113'116v1171

Pathological findings at autopsy germaneto re-
nal dysfunction universally include fibrin deposi-
tion within the glomerular capillaries and afferent
arterioles,[110112.114.115.117] Areas of fibrinoid ne-
crosiswithin the afferent arterioles and glomerular
capillaries have al so been described.[119 Arteriolar
intimal hyperplasia, which can contributeto occlu-
sion of blood flow, is a common finding. Addi-
tional pathological findings include thickening of
the glomerular basement membrane, diffuse inter-
stitial fibrin deposition, scattered areas of tubular
atrophy and large atypical endothelial cell nu-
clel _[110,117,118]

Approaches to management of mitomycin-
associated HUS have included staphylococcal pro-
tein A immunopheresis, plasma exchange, cortico-
steroids, heparin, aspirin, dipyridamole and
suitable supportive care for related complica-
tions.[111-113,115,116,118] The goal of treatment with
staphylococcal protein A immunopheresis, or
plasma exchangeisto remove or dissociate circul at-
ingimmune complexes. Stabilisation of renal func-
tion, and improvement of thrombocytopenia and
anaemia have been reported in 10 of 21 patients
following staphylococcal protein A immunophere-
sis. Surviva following onset of HUSwas 6 months
for patients treated with staphylococcal protein A
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immunopheresis, in comparison to the median sur-
vival of 2.5 months (1 day to 17 months) for the
cohort of 75 patients who did not receive compa-
rable treatment.[115 Two case reports describe treat-
ment of mitomycin-associated HUS with plasma ex-
change. Stabilisation of renal function, resolution
of anaemia and thrombocytopenia, and improve-
ment of neurological effects are described sub-
sequent to plasma exchange. Unfortunately, im-
provement of renal dysfunction did not occur with
either of theseinterventions.[110.111.116] Thergpeutic
benefit from administration of corticosteroids, hep-
arin, aspirin, or dipyridamole has not been clearly
demonstraled.[m'112'115'116'118]

Intravesicular mitomycin, which is indicated
for the treatment of noninvasive bladder cancer, is
not appreciably absorbed into the systemic circu-
lation. Subsequently, adverse effects of intrave-
nous mitomycin therapy, including nephrotoxicity,
arenot observed with intravesicular administration
of this drug. Ancillary treatments or antidotes to
mitomycin—induced nephrotoxicity have not been
developed. Subsequently, mitomycin should be
used with great caution in patients at risk for renal
dysfunction. Mitomycin should be discontinued in
patients with signs and symptoms of acute renal
dysfunction, or microangiopathic haemolytic an-
aemia.

2.2 Antimetabolites

2.2.1 Azacitidine

The pyrimidine analogue azacitidine interferes
with DNA, RNA and protein synthesis and func-
tion.[11% Myelosuppression is the primary dose-
limiting adverse effect of this agent, although, the
adverse effect profile of azacitidine also includes
renal tubular toxicity.

Administration of azacitidine 200 mg/m?/day
for 5 to 7 days in combination with various other
chemotherapeutic drugs produced polyuria, glu-
cosuria, acidosis and hypophosphataemia in re-
spectively 21, 27, 73 and 66% of 33 treatment
courses administered to 22 patients.[120 Maximum
urine output noted in patients developing polyuria
was 4.2 to 16.5 litres per 24 hours. The median
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onset of polyuriawas day 4 of chemotherapy, with
resolution generally noted within 3 to 4 days of
onset. Urinary excretion of glucose 0.3 to 8.9 per
day was measured in 3 of 8 patients exhibiting glu-
cosuria in the presence of serum glucose levels
<135 mg/dl. Inappropriate glucosuriawas the sole
sign of renal dysfunction in 2 patients. Nonanion
gap acidosis appeared on day 2 to 3 of chemother-
apy, and persisted for amedian of 9 days. The con-
tribution of renal tubular function to development
of acidosiswas evidenced by acoincident increase
inurinary pH. Hypophosphataemiawas noted con-
currently with low serum bicarbonatelevelsintwo
thirds of hypophosphataemic patients. Moreover,
hypophosphataemia occurred concurrently with
low serum bicarbonatelevels, polyuriaand glucos-
uria in approximately one third of hypophospha-
taemic patients. Urinary excretion of amino acids
increased 2- to 10-fold above normal inthe 7 of 22
patients evaluated for aminoaciduria. Hypomag-
nesaemia, hypokalaemia and hypocal caemia were
observed during treatment with azacitidine, how-
ever, the magnitude and frequency of these el ectro-
lyte abnormalities were consistent with that antic-
ipated for the aggressive hydration and ancillary
antibiotics included in therapy. Electrolyte abnor-
malities secondary to drug-induced renal dysfunc-
tion contributed to the mortality of 2 (9%) patients
treated with azacitidine.[120]

Antidotes or ancillary care to reduce azacitidine—
induced nephrotoxicity have not been identified,
subsequently, this agent should administered with
great caution to patients at risk for renal dysfunc-
tion.

2.2.2 Gemcitabine

Gemcitabine is a pyrimidine analogue used for
the treatment of certain solid tumours, including
pancreatic cancer, bladder cancer and nonsmall
cell lung cancer. Bone marrow suppression is the
dose-limiting adverse effect of thisdrug. HUSisa
rare adverse effect associated with its use. Based
on adverseevent reportsfromclinical trialsand the
manufacturer’'s safety data base, the estimated in-
cidence of HUS is 0.015% in patients treated with
gemcitabine.[121]

Drug Safety 2001; 24 (1)



32

Kintzel

Acute uraemia, microangiopathic haemolytic
anaemiaand thrombocytopenia occurred in twelve
patients treated with gemcitabine for pancreatic
cancer (n = 6), nonsmall cell lung cancer (n = 4),
gastric cancer (n = 1) and biliary cancer (n = 1).
Eight of 12 affected patients (67%) required treat-
ment with dialysis. Acute onset or worsening hy-
pertension occurred in 7 (58%) of twelve affected
patients. HUS-associated pulmonary symptoms
and central nervous system symptoms were re-
ported in respectively 6 (50%) and 4 (33%) of
twelve affected patients. The median duration of
treatment with gemcitabine was 5.8 months (range
=3.8t0 13.1 months). Signsand symptomsof HUS
developed within 1 to 2 months of the last gem-
citabine treatment in all patients. Two of 12 patients
(17%) had previously received treatment with ami-
tomycin-containing regimen.[121]

Ancillary treatments or antidotes that effective-
ly prevent or reduce the severity of gemcitabine-
associated HUShave not beidentified. Use of gem-
citabine is not precluded by the potential for
development of HUS because of the rarity of this
adverse effect. However, since this adverse effect
isfrequently associated with apoor outcome, patients
should be monitored for signs and symptoms of
HUS during and for 3 months following comple-
tion of treatment with gemcitabine. Gemcitabine
should be discontinued if signs of HUS develop.

2.2.3 Methotrexate

The dihydrofolate reductase inhibitor metho-
trexate is a widely used anticancer drug. Metho-
trexate dosages are classified as conventional dose
(15 to 50 mg/m?), intermediate dose (50 to 1000
mg/m?), or high dose (1 to 12 g/m?) therapy. Leu-
copeniaisthe dose-limiting adverse effect of meth-
otrexate. Mucositis is also problematic, particu-
larly following administration of intermediate or
high dose methotrexate, or administration of any
dose to the patient with moderate or severe renal
dysfunction. Calcium folinate (leucovorin cal-
cium) is generally administered following high
dose methotrexate to reduce the severity of drug-
induced leucopenia.[1
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Increased serum creatinine level, uraemia, dys-
uriaand haematuriaare reported with methotrexate
administration. Acute renal failure has been re-
ported following administration of high dose meth-
otrexate. Nephrotoxicity occurs primarily with high
dose methotrexate therapy; however, it can also oc-
cur with long term administration of conventional
dose methotrexate.[122-1241 Acute tubular necrosis
subsequent to crystallisation of parent drug and the
metabolite 7-hydroxymethotrexate within renal tu-
bules is the purported underlying mechanism of
methotrexate-induced renal dysfunction.[125-127]

The solubility of methotrexate in renal tubules
is pH-dependant. Methotrexate is several-fold
more soluble at pH 6.9 versus pH 5.7.1128 Urinary
alkalisation isgenerally achieved with intravenous
or oral administration of sodium bicarbonate. One
approach to initiation of urinary alkalisation begins
with continuous infusion of sodium bicarbonate in
5% dextrose solution, 0.5to 1.5 mmol/kg/24h, with
frequent urinedipstick analysis (every 4to 6 hours)
to maintain urinary pH > 7.1122 Oral administration
of sodium bicarbonate (3g every 3 hours) has been
used to akalinise the urine of patients receiving
high dose methotrexate.[12°! Polycitrate solution, 1
to 1.5 mmol/kg/24h in divided doses, can also be
considered as a tool for urinary akalisation. Hy-
dration and urinary alkalisation should begin 12
hours before infusion of high dose methotrexate,
and continue for 48 to 72 hours.[128:129.130]

Adegquate hydration and urinary alkalisation
should be administered to patients receiving high
dose methotrexate. Methotrexate should be used
with great caution in patients with impaired renal
function, and those at risk for renal dysfunction. In
fact, dosage reduction or an alternative anticancer
drug should be considered for patients with pre-
existing renal dysfunction receiving treatment with
methotrexate at any dosage range.

2.2.4 Pentostatin

Pentostatin modulates intracellular adenosine
concentrations through irreversible inhibition of
adenosi ne deaminase. Lymphoid tissue, circulating
T cells and circulating B cells have an extensive
compliment of adenosine deaminase enzymes.[119

Drug Safety 2001; 24 (1)



Anticancer Drug-Induced Kidney Disorders

33

Subsequently, pentostatin has been used for the
treatment of certain lymphocytic leukaemias and
lymphomas including hairy cell leukaemia, chronic
lymphocytic leukaemia and mycosis fungoides.
Dose-limiting adverse effects of pentostatin in-
clude neurotoxicity and nephrotoxicity. Haematu-
ria and dysuria have been associated with pen-
tostatin treatment.[131.132]

Pentostatin-related nephrotoxicity is a dose-
related adverse effect. Increased serum creatinine
level and uraemiaare common after treatment with
pentostatin; however, the risk of drug-induced acute
renal failure increases with administration of pen-
tostatin >4 mg/m?/week.[131]

Hydration with 5% dextrose injection or 0.45%
sodium chlorideinjection 250 to 600 ml/m? before
and 300 ml/m? following infusion of each pen-
tostatin dose is recommended to reduce the risk of
nephrotoxicity.[133 Pentostatin should be used with
great caution in patients with impaired renal func-
tion, and those at risk for renal dysfunction. Dos-
age reduction should be considered when pento-
statin must be administered to patientswith impaired
renal function. If possible, an alternative chemo-
therapeutic agent should be used for patients with
or at risk for renal dysfunction.

2.3 Miscellaneous

2.3.1 Diaziquone

The synthetic aziridinylbenzoquinone diazi-
quoneisasmall lipophilic drug that is believed to
exert an anticancer effect by crosslinking DNA
strands. Myelosuppression is the dose-limiting ad-
verse effect of diaziquone 28 mg/m?/120h admin-
istered for the treatment of brain tumours, or acute
leukaemias.[134.135] However, nephrotoxicity has
been identified as the dose-limiting adverse effect
following dose escalation of diaziquone.[136]

The maximum tolerated dose of diaziquone fol-
lowed by autologous bone marrow transplantation
is245 mg/m?/24h. Renal toxicity isthe nonhaema-
tological dose-limiting adverse effect. Diazigquone-
induced nephrotoxicity commonly includes in-
creased serum creatinine and uraemia occurring 9
to 16 days following administration of diaziquone
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>245 mg/m?/24h. Nephrotoxicity is reported in 4
of 13 (31%) patients receiving diaziquone 245 to
355 mg/m?/24h.[138] Anuric renal failure occurred
in 3 of the 4 (75%) patients developing drug-in-
duced nephrotoxicity. Anuric renal failurewasher-
alded by an increase in serum creatinine level
within 1 week of drug administration. All 3 patients
developing renal failure were dialysed, and each
died secondary to complications of renal failure.
Proteinuria, occurring approximately 3 days fol-
lowing drug administration, is a frequent effect of
diaziquone =125 mg/m?/24h. Moreover, excess re-
nal loss of phosphate, potassium, uric acid and glu-
cose can accompany drug-induced proteinuria.
Aminoaciduriaand hyperchloraemic acidosis sub-
sequent to diaziquone-induced renal tubular acido-
sis have been observed. In fact, Fanconi syndrome
has been reported in 1 patient. Typically, signsand
symptoms of diaziquone-induced renal toxicity re-
solve gradually.[136]

Ancillary treatments or antidotes that effec-
tively reduce high dose diaziquone-induced neph-
rotoxicity have not be identified. Subsequently,
high dose diaziquone should be used with great
caution in patients at risk for rena dysfunction.

2.3.2 Interferon-a

The recombinant protein interferon-a exerts an
anticancer effect against certain haematological and
solid cancers following receptor-mediated cellular
internalisation and degradation. The most frequent
adverseeffectsof interferon-a include flu-like symp-
toms such as hyperpyrexia, chilling, slight tachy-
cardia, malaise, myalgias and headaches. Fatigue
and anorexiaare also common complaintsof patients
treated with interferon-.1137.138] Proteinuria is a
common adverse effect, occurring in 15 to 20% of
patients treated with interferon-a.[137-141 Uncom-
mon adverse effects also include myelosuppression,
nausea and emesis, diarrhoea, nephrotoxicity, hep-
atotoxicity and neurotoxicity.[137138 Acute renal
failureis arare adverse effect of this drug.[137-142)

Acuterena failure hasbeen reported in patients
receiving various doses of interferon-a for treat-
ment of solid tumours, lymphoid malignancies, hep-
atitis and hypereosinophilia. Interferon-a dosages
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administered to patients developing acute renal
failure include the following: 3 to 5 MU daily, 5
MU 5 times/week, and 18 MU 3 times/week. Signs
of acuterenal failureincludeuraemiaand increased
serum creatininelevel, which are generally accom-
panied by proteinuria.l137-142] Haemodialysis may
be required to manage interferon-a-induced renal
failure.[142 Although normalisation of serum cre-
atinine level generally occurs within weeks to
months of drug discontinuation.[139-142]

Pathological evidence of renal dysfunction sec-
ondary to interferon-a consists of degenerative
changes limited to the renal tubules,[*42 or more
extensive damage including interstitial nephritis,
membranoproliferative glomerular sclerosis, focal
segmental glomerular sclerosis and thrombotic
microangiopathy, in addition to acute tubular ne-
crosis. [139,142,143]

Patients receiving interferon-a should be mon-
itored for signs of acute renal dysfunction. If pos-
sible, treatment with interferon-a should be discon-
tinued with the onset of acute renal dysfunction.

2.4 Indirect Nephrotoxicity of
Anticancer Drugs

2.4.1 Aldesleukin

Aldesleukin is a biological response modifier
primarily used for the treatment of renal cell cancer.
Renal dysfunction, which isrelated to the dose and
duration of aldesleukin administration, is charac-
terised by oliguria, increased serum creatinine and
uraemia. Hypotension and bodyweight gain of 5to
20% above baseline precede the changes in kidney
function. Changesin kidney function generally oc-
cur within 24 to 48 hours of initiating therapy with
high dose intravenous aldesleukin (600 000 U/kg
every 8 hours for 14 doses).[144147] Signs of renal
dysfunction tend to resolve within 1 week of drug
discontinuation, and lasting tubular damage is un-
USU8.|.[144‘148]

Prerenal syndrome secondary to drug-induced
changes in capillary permeability (capillary leak
syndrome) with subsequent extravascular fluid
distribution and accumulation promotes aldesleukin
rena dysfunction. Subsequently, management in-

0 Adis International Limited. All rights reserved.

cludes supplemental crystalloid fluid administra-
tion and diuresisto expand intravascular volume and
maintain urine output,[144-146.149]

Patients with an elevated serum creatinine level
at baseline, history of nephrectomy, or hyperten-
sion at baseline areat increased risk of aldesleukin-
induced renal dysfunction.[47149 Moreover, per-
sistent renal dysfunction following treatment with
aldesleukin isreported more frequently in male pa-
tients than female patients.[147 Sepsis during ther-
apy with aldesleukin increases the risk of chronic
renal dysfunction following treatment.[14”1 More-
over, sincethereisaprerena basisfor thisadverse
effect, patients with impaired cardiac function or
ascites prior to treatment are at increased risk for
drug-induced renal dysfunction. If possible, anti-
hypertensive medication should be stopped 24
hours preceding initiation and withheld for the du-
ration aldesleukin administration. Aldesleukin
should be used with cautionin patientsat increased
risk for treatment-related rena dysfunction.

2.4.2 Carmustine

Indirect nephrotoxicity can occur following ad-
ministration of high dose carmustine secondary to
infusion-related hypotension.!’*d Because each
100mg of reconstituted carmustine includes 3ml of
absolute ethanol 119 high doses (300 to 600 mg/m?)
deliver a sufficient amount of intravenous ethanol
(12 to 23 g/m?) to cause infusion-related hypoten-
sion. Although infusion-related hypotension gen-
erally resolveswithin afew hours after completion
of carmustine administration, transient renal hypo-
perfusion can promote atransient increasein serum
creatinine and blood urea nitrogen levels.[150]

Infusion-related hypotension is managed by ad-
ministration of supplemental crystalloid fluid, re-
duction of the carmustineinfusion rate by 50% and
vasopressor administration. If possible, antihyper-
tensive medication should be stopped 24 hourspre-
ceding and withheld on the day of carmustine ad-
ministration. High dose carmustine should be used
with caution in patients at risk for renal dysfunction.
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3. Discussion

Successful treatment of malignant disease can
be limited by the toxicity of anticancer drugs. The
ability to effectively reduce and support certain acute
adverse effects, such as bone marrow suppression
and emesis, has progressed substantially during the
preceding decades. Nonhaematological major or-
gan toxicity still limits the utility of many anti-
cancer drugs.

Progress has been made with the development
of antidotes, such as amifostine and sodium thio-
sulfate, plus the effective use of saline-based hy-
dration to reduce cisplatin-induced nephrotoxicity.
Moreover, urinary akalisation is a useful tool to
minimiseintratubular crystallisation of methotrex-
ate. Otherwise, approaches used to circumvent
drug-induced nephrotoxicity generally include ap-
propriate and adequate hydration, pro re nata elec-
trolyte repletion, plus avoidance of concurrent
nephrotoxins and other renal insults. Hopefully, de-
velopment of antidotesand ancillary measuresfor the
prevention and management of drug-induced major
organ toxicity will provide improved approaches
to patient care in the future.
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