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Abstract

Background Cisplatin-induced nephrotoxicity still occurs despite the intensive hydration approach adapted to prevent its
occurrence. Objective Evaluation of the effect of acetazolamide (ACTZ) on minimizing cisplatin-induced nephrotoxicity
compared to mannitol when added to hydration regimen. Setting Nasser Institute Cancer Center (NICC), Cairo, Egypt. Method
A total of 35 patients planned to receive cisplatin were divided into two groups: 20 patients received mannitol and 15 patients
received ACTZ. Both groups received standard hydration measures as well for prevention of cisplatin-induced nephrotoxic-
ity. Main outcome measure Patients’ kidney function was assessed using serum creatinine, creatinine clearance and blood
urea nitrogen. Kidney injury was assessed using RIFLE criteria. Patients’ liver function tests and hematological parameters
were also monitored. Results Patients in the mannitol group showed higher risk of developing kidney injury (30%) whereas
those in the ACTZ group showed lower risk (8.9%), relative risk (RR) 0.269, 95% CI 0.108-0.815. No statistically significant
difference occurred between the two groups concerning liver function tests or hematological parameters. Conclusion Use
of ACTZ in addition to intensive hydration may have more beneficial effect on minimizing cisplatin-induced nephrotoxicity
compared to mannitol plus intensive hydration approach. A large multicenter randomized clinical trials is recommended to
confirm study results and to assess effect of ACTZ on tumor response.
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Impacts on practice

e Acetazolamide seems to be efficace and safe for reduc-
ing cisplatin induced nephrotoxicity, when added to a
standard hydration regimen.

¢ To minimize cisplatin-induced nephrotoxicity, acetazola-
mide is more effective than mannitol.
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Introduction

Cisplatin is an important anti-cancer medication used for
the treatment of a variety of malignant tumors [1]. While
cisplatin toxicities include ototoxicity, myelosuppression,
and allergic reactions, the main dose-limiting side effect of
cisplatin is nephrotoxicity [2-5].

Cisplatin nephrotoxicity is the composite result of the
transport of cisplatin into renal epithelial cells, injury to
nuclear and mitochondrial DNA, activation of a multiple
cell death and survival pathways and initiation of a robust
inflammatory response [6, 7].Volume expansion and the
administration of intravenous saline to induce diuresis
remains the main approach for prevention of cisplatin-
induced nephrotoxicity [8, 9]. However, Cisplatin-induced
nephrotoxicity still occurs despite intensive hydration. This
is shown by reduction in glomerular filtration which occurs
in about 21-32% of patients. The risk increases with higher
doses of cisplatin, frequency of administration, camulative
dose of cisplatin, underlying kidney damage, concurrent
treatment with other potentially nephrotoxic agents, such as
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aminoglycosides, nonsteroidal anti-inflammatory agents, or
iodinated contrast media, cardiac disease, female sex, older
age, smoking and hypoalbuminemia [10-14].

Mannitol plus hydration has been used for several years to
alleviate toxicity associated with cisplatin therapy. However,
the data for mannitol administration is still controversial
[15]. Different strategies have been suggested as add-on to
saline hydration other than mannitol to diminish or prevent
nephrotoxicity of cisplatin [16]. Among those strategies are
sulphur-containing compounds which have shown to reduce
the nephrotoxicity of cisplatin without inhibiting or decreas-
ing its antitumor effect in patients with non-small cell lung
cancer, metastatic breast cancer, ovarian cancer and meta-
static colon cancer [4].

Anmifostine [2-(3-aminopropylamino) ethylsulfanyl phos-
phonic acid] is a pharmacologically active free sulthydryl
which binds to and detoxifies cytotoxic platinum-containing
metabolites of cisplatin and scavenges free radicals induced
by the drug. It is approved by the U.S. Food and Drug
Administration for reduction of cumulative nephrotoxic-
ity associated with repeated administration of cisplatin in
patients with advanced ovarian cancer. However, its higher
treatment costs, logistical issues and significant toxicities
associated with intravenous administration made amifostine
difficult to incorporate into clinical practice [17].

Acetazolamide (ACTZ), a carbonic anhydrase inhibitor,
is a sulphur containing compound that may assist in amelio-
rating cisplatin-induced nephrotoxicity [18]. It is an organic
acid which has structural similarity to amifostine and may
competitively decrease tubular reabsorption of cisplatin
[18]. It has shown promising results in decreasing cisplatin-
induced nephrotoxicity in animal models [19, 20]. Moreover,
it is available as oral preparation with low cost.

The routinely used protocol at Nasser Institute Cancer
Center (NICC), Cairo, Egypt, is mannitol plus standard
hydration. However, some patients still suffer from cisplatin-
induced nephrotoxicity despite following the recommended
hydration protocol. Moreover, no studies to date evaluated
the effect of ACTZ in reducing cisplatin-induced nephro-
toxicity in humans.

Aim of the study

To compare the safety and efficacy of ACTZ plus standard
saline hydration with mannitol plus standard saline hydra-
tion in reducing cisplatin induced nephrotoxicity in cancer
patients.
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Ethics approval

The study was approved by the Ethical committee of Egyp-
tian Ministry of Health and Population then from ethical
committee at Nasser Institute Hospital. All patients signed an
informed consent (approved by both committees) and every
detail was explained to them. Study protocol is registered
through clinicaltrials.gov with ID number NCT02760901.

Methods

This study was a prospective, controlled pilot study. It
was conducted in Nasser Institute Cancer Center (NICC),
Cairo, Egypt. All adult cancer patients (18—65 years) admit-
ted to NICC from November 2013 to October 2015 were
assessed for inclusion into the study. Only patients who were
planned to receive cisplatin-based chemotherapy protocol
were assessed for eligibility to the current study. Patients
with existing renal impairment [creatinine clearance (CrCl)
<30 ml/min], severe hepatic impairment (Child-Pugh score
C), hypersensitivity to sulphur compounds and/or chronic
non-congestive angle-closure glaucoma were excluded. Out
of 90 patients, only 35 patients met the inclusion criteria
and completed the duration of the current study. All patients
received standard saline hydration measures for prevention
of cisplatin-induced nephrotoxicity.

Patient allocation

Patients were allocated into two groups. The first group
was the mannitol group which comprised 20 patients who
received mannitol 20% 100 ml half an hour before cisplatin
and saline hydration. The second group was the ACTZ group
which comprised 15 patients who received ACTZ 250 mg
(safe FDA approved doses for human) half an hour before
cisplatin and saline hydration. To ensure compliance of phy-
sicians and nurses with the study protocol, patients admitted
on Saturdays were allocated to ACTZ group while patients
admitted on Mondays were allocated to mannitol group.

Patients’ demographics, comorbidities, concurrent med-
ications, liver function tests: aspartate aminotransferase
(AST), alanine aminotransferase (ALT), hematological
parameters: hemoglobin (Hg), total leucocytes count (TLC),
and platelets were documented at baseline and throughout
the study period (i.e. after chemotherapy cycle for three
cycles). In addition, adverse drug effects were monitored
throughout the study period.

Primary outcomes: Occurrence of nephrotoxicity was
evaluated by measuring the effect of cisplatin on kidney
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function using serum creatinine (Scr), creatinine clearance
(CrCl), and blood urea nitrogen (BUN).

Secondary outcomes: Occurrence of hematological toxic-
ity, hepatotoxicity, and/or any other adverse effect.

Assessment of kidney function and injury

Serum creatinine, CrCl, and BUN were evaluated at baseline
and after each cycle for three cycles of cisplatin separated
by 21 days. Creatinine clearance was calculated according
to Cockroft-Gault equation using ideal body weight (IBW)
[21]. For low body weight patients and obese patients with
weight greater than 30% over IBW, actual body weight and
adjusted body weight were used instead of IBW, respectively
[22]. RIFLE (risk, injury, failure, loss, and end-stage kidney
disease) criteria were calculated for all patients as follows
[23]:

e Risk: 25% reduction in GFR
e Injury: 50% reduction in GFR
e TFailure: 75% reduction in GFR.

Dose modification for cisplatin in renal impairment
[24]

e CrCl 10-50 mL/min: 75% of dose was administered.
Statistical analysis

Data management and analysis were done using Statistical
Software Package for Social Sciences (SPSS) version 22.
Graphics were generated utilizing Microsoft Excel 2010.
All continuous data were expressed as mean + SD while
categorical data were expressed as frequency in tables. Com-
parisons between groups with respect to normally distrib-
uted numerical data at baseline were done using Independent

student t-test. For comparing results of repeated measure-
ments, ANOVA (analysis of variance) with repeated meas-
ures procedures was employed. Comparisons between nomi-
nal data were done using Chi square test. P value <0.05
was considered significant and 95% confidence interval
used. Kaplan—Meier analysis was used for assessing the risk
of developing kidney injury after every cycle of cisplatin
chemotherapy.

Results

This study included a total of 35 patients who were assigned
to one of the following two groups: Mannitol or ACTZ.
Patients’ demographics and clinical characteristics in the two
groups are represented in Table 1. Kidney and liver function
tests were comparable in the two groups at baseline as shown
in Table 2. In addition, patients in the two groups suffered
from different types of cancer with various treatment proto-
cols and different comorbidities as shown in Table 3. All of
the drug regimens used with cisplatin were not nephrotoxic
except gemcitabine which was similar in both groups.

1. Biochemical tests

Biochemical tests were measured after each cycle of
chemotherapy containing cisplatin separated by 21 days
and for three cycles as represented in Table 4. Creatinine
clearance decreased in mannitol group by time, while it
increased by time in ACTZ group with P values 0.887 at
baseline, 0.014 after the first cycle, 0.001 after the second
cycle, and 0.18 after the third cycle as shown in Fig. 1. In
addition, BUN level increased in mannitol group by time,
but it was stable in ACTZ group with P values 0.089 at
baseline, 0.011 after the first cycle, 0.001 after the second
cycle, and 0.119 after the third cycle as shown in Fig. 1.

Table 1 Demographics and

o TETS Parameters Group 1 Mannitol (n=20) Group 2 ACTZ (n=15) P value

clinical characteristics in the

two groups Age (mean + SD) (years) 48.6 + 13 48.4 +14.2 0.97%*
Gender
Male (N %) 9 (45%) 6 (40%) 0.767*
Female (N %) 11 (55%) 9 (60%)
Smoking (N %) 1 (5%) - 0.38"
Weight (mean + SD) (kg) 679 + 18.76 77.81 + 16.57 0.1*
Height (mean + SD) (cm) 160.5 + 6.126 163.75 + 6.09 0.18%*
BSA (mean + SD) (m?) 1.73 +£0.23 1.90 + 0.21 0.027*
Cisplatin dose per cycle per m? (mg) 76.87 + 11.83 75.33 +10.26 0.69*
Total cisplatin dose per cycle (mg) 132.45 + 25.05 142.63 + 20.46 0.208*

ACTZ acetazolamide, BSA body surface area

*Independent student t-test at level of Significance P < 0.05

#Chi square test at level of significance P <0.05
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Table 2 Biochemical tests of
the two groups at baseline

Parameters Group 1 Mannitol (n=20) Group 2 ACTZ (n=15) P value*
Scr (mean + SD) (mg/dL) 0.78 +£0.17 0.77 £ 0.10 0.951
CrCl (mean + SD) (ml/min) 91.33 + 31.47 92.56 + 19.12 0.887
BUN (mean + SD) (mg/dL) 15.82 + 6.03 12.4 +5.288 0.089
ALT (mean + SD) (U/L) 22.15 +7.46 26.33 +9.15 0.146
AST (mean + SD) (U/L) 22.65 +4.76 25.2 +8.25 0.296
Hemoglobin (mean + SD) (g/dL) 1158+ 1.5 11.76 £ 1.23 0.707
TLC (mean + SD) (10%/uL) 7.57 +2.67 9.32 +7.09 0.317
Platelets (mean + SD) (10*/uL) 316.8 + 87.89 291.2 +102.24 0.434

ACTZ acetazolamide, Scr serum creatinine, BUN blood urea nitrogen, CrClI creatinine clearance calculated
by Cockroft-Gault, TLC total leucocyte count

*Independent student t test at level of significance P< 0.05

Table3 Types of cancer, treatment protocols and comorbidities in
both groups at baseline

Parameters Group 1 Mannitol (N)  Group 2 ACTZ (N)
Cancer type Bladder cancer (1) Breast cancer (1)
Gastrointestinal cancer Gastrointestinal cancer
(6) Q)]
Lung cancer (6) Head and Neck cancer
(5)
NHL (2) Lung cancer (3)
Osteosarcoma (1) Osteosarcoma (1)
Ovarian cancer (3)
PNET (1)
Comorbidities HTN (3) HTN (1)
DM (4) DM (3)
Both HTN & DM (2)  Epilepsy (1)
EBV positive (1) HCV (1)
Rheumatoid arthritis ~ Hypothyroidism (1)
1
IHD (1)

Treatment protocol

Cis/5-FU (5)

Cis/Adria (1)
Cis/Gem (8)
Cis/Vep (2)
DHAP (2)
ECF (1)
PEB (1)

Cis/Cetuximab/5-FU
2

Cis/5-FU (3)

Cis/Adria (1)

TPF (2)

Cis/Gem (7)

ACTZ acetazolamide, DHAP cisplatin + cytarabine + allopuri-
nol + dexamethasone, DM diabetes mellitus, EBV Epstein barr virus,
ECF epirubicin + cisplatin + 5-fluorouracil, 5-FU 5-fluorouracil,
Gem gemcitabine, HCV hepatitis C virus, HTN hypertension, /[HD
ischemic heart disease, NHL non-Hodgkin Lymphoma, PNET primi-
tive neuro-ectodermal tumor, PEB cisplatin + etoposide + Bleomy-
cin, TPF docetaxel + cisplatin + 5-fluorouracil

However, no significant change between groups occurred
in liver function tests and hematological parameters,
P>0.05.
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2. RIFLE criteria before and after treatment in the
two groups
By doing Kaplan—Meier analysis considering developing
the risk of kidney injury (defined as 25% or more reduction
in GFR) as the event of interest, there was a statistically
significant difference between the two groups with P value
0.012 as represented in Fig. 2. Patients in the mannitol
group showed a higher risk of developing kidney injury
(30%) whereas those in the ACTZ group showed a lower
risk (8.9%), relative risk (RR) 0.269, 95% CI 0.108-0.815.
It is worth mentioning that no patient in both groups suf-
fered from 50% or more reduction in GFR.

3. Patients requiring dose reduction of cisplatin before and
after treatment in the two groups

By doing Kaplan—Meier analysis considering 25% dose
reduction as the event of interest, there was a statistically
significant difference between the two groups with P value
0.001. Out of the 60 cisplatin doses in mannitol group,
11 needed dose reduction whereas no dose reduction was
needed in any of the 45 doses of the ACTZ group with
relative risk (RR) 1.918, 95% CI 1.581-2.328. However,
it is noteworthy that not all dose reduction was due to
nephrotoxicity. Two patients required dose reduction in
mannitol group after the second cycle, one due to ototoxic-
ity and the other due to neuropathy.

4. Adverse drug effects

Total adverse effects other than nephrotoxicity were 15
in mannitol group and 7 in ACTZ group. The difference
in adverse effects was not statistically significant, P value
0.385 as represented in Fig. 3. In ACTZ group, 1 patient
suffered from severe diarrhea; his treatment protocol was
cisplatin, docetaxel, and fluorouracil for treatment of gastric
cancer. However, this patient completed his ordered cycles
without a dose reduction of cisplatin. On the other hand,
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Eble 4 Effect Ol‘c treatment on Param- Group 1 Mannitol ~ Group 2 ACTZ P value
iochemical tests of the two eters expressed as ' '

groups (mean + SD) Between groups  Time Interaction
Scr (mg/dL) 1.061 + 0.124 0.705 £0.136  0.093 0.264 0.222
CrCl (ml/min) 83.72 +7.89 105.07 + 8.65 0.053 0.461 0.002%*
BUN (mg/dL) 20.75 £ 2.61 11.39 +2.86 0.0337* 0.272 0.253
ALT (U/L) 23.38 +2.15 26.33 +2.36 0.314 0.741 0.754
AST (U/L) 24.56 + 1.38 2574 £ 1.8 0.994 0.313 0.424
Hg (g/dL) 11.78 +£0.243 11 +£0.31 0.754 0.0338*  0.573
TLC (10*/uL) 6.73 + 0.451 6.41 +£0.49 0.66 0.02* 0.14
Platelets (10%/uL) 304.83 + 14.38 286.09 + 14.02  0.721 0.00* 0.161

ACTZ acetazolamide, ALT alanine aminotransferase, AST aspartate aminotransferase, BUN blood urea
nitrogen, CrCl creatinine clearance calculated by Cockroft-Gault equation, Hg hemoglobin, Scr serum cre-

atinine, TLC total leucocytes count

*Denotes statistically significant values
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Fig. 1 Creatinine clearance and BUN values in the two groups at baseline and after every cycle of cisplatin

two patients in mannitol group suffered from an elevation
in liver enzymes, one after the first cycle and the other after
the third cycle. The latter 2 patients did not need cisplatin
dose reduction. However, 2 patients required cisplatin dose
reduction in mannitol group, one due to neuropathy and the
other due to ototoxicity.

Shifting to another chemotherapy

Only one patient died in ACTZ group (6.67%) without shift-
ing to another chemotherapy protocol. Similarly, in mannitol
group, only 1 patient died (5%). However, five patients in
mannitol group were shifted to another chemotherapy pro-
tocol (25%); 1 patient due to peripheral neuropathy, 1 patient
due to disease progression, 1 patient due to ototoxicity and

2 patients due to nephrotoxicity. The relative risk (RR) of
shifting to another chemotherapy when using mannitol was
1.33,95% CI 1.035-1.717.

Discussion

Cisplatin is a strong cellular toxin and nephrotoxicity is
one of the most im-portant complications of this drug [16,
25]. Its nephrotoxicity is manifested by acute kidney injury
which is cumulative, dose-dependent and often necessitates
dose reduction or withdrawal [26].The standard approach
for prevention of cisplatin nephrotoxicity is the administra-
tion of lower doses of cisplatin in combination with full
intravenous hydration prior and after cisplatin administration
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[16]. However, evidence-based recommendations on specific

supplementation strategies added to hydration regimens to
reduce cisplatin nephrotoxicity are limited.

35%

In the present study, Scr, BUN, CrCl and RIFLE crite-
ria were used for monitoring kidney function in patients
receiving cisplatin. The study showed a lower incidence
of nephrotoxicity in patients receiving saline hydration
with ACTZ (8.9%) compared to those receiving saline
hydration with mannitol (30%) based on CrCl. This dif-
ference was more prominent after repeated administration
of cisplatin. Moreover, mannitol group showed a higher
incidence of other adverse effects as neurotoxicity and leu-
copenia. The increase in the incidence of nephrotoxicity by
repeated administration of cisplatin is in accordance with
other studies which reported similar results despite preven-
tive measures such as hydration [26, 27]. In addition, many
studies used Scr, CrCl and BUN as indicators of cisplatin-
induced nephrotoxicity [19, 27-29]. Studies on animals
have shown promising results when ACTZ was used to
decrease cisplatin nephrotoxicity [18, 28-30]. However,
no studies to date were conducted in humans to evaluate
the efficacy and safety of ACTZ in reducing the incidence
of nephrotoxicity caused by cisplatin. Osman et al. [30]
study in 1983 showed that when ACTZ was given to rats
before cisplatin, it resulted in lower nephrotoxicity. Also,
renal cisplatin concentration in rats receiving ACTZ was
lower than that in those treated with cisplatin alone. In
1985, Heidemann et al. found that ACTZ and furosemide
at ceiling diuretic doses achieved protective effect against
cisplatin-induced nephrotoxicity when administered to
rats before cisplatin but ACTZ produced more significant
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Fig.3 Adverse effects in the two groups, thrombocytopenia defined
by platelets count <100 x 10 per pL, Leucopenia defined by TLC
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more than the upper limit of normal range (normal AST is reported
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protection than furosemide [19]. In 1990, Heidemann et al.
[29] study on rats showed that ACTZ and sodium chlo-
ride protected the kidney from cisplatin nephrotoxicity
and improved creatinine clearance. In 1996 another study
on rats found that administration of vitamin E and ACTZ
reduced cisplatin-induced nephrotoxicity [18].

On the other hand, the effect of mannitol plus hydration
on decreasing the incidence of cisplatin-induced nephro-
toxicity has been evaluated in different animal and human
studies [31-36]. Clinically, mannitol reduces the urine con-
centration of cisplatin, and this effect is considered to be
the mechanism underlying the amelioration of renal toxic-
ity [28]. Studies have shown that the incidence of cisplatin-
induced nephrotoxicity using mannitol as a protective meas-
ure ranged from about 28% to about 34% [33, 37]. This is in
accordance with the present study which showed a 30% inci-
dence of nephrotoxicity in the mannitol group. However, the
incidence of nephrotoxicity in ACTZ group in the present
study was significantly lower than mannitol group (8.9%).

Whether mannitol has a superior protective effect
against cisplatin-induced nephrotoxicity compared to
other strategies is conflicting [15, 31-33, 38]. In a ran-
domized clinical trial comparing mannitol versus furo-
semide, nephrotoxicity incidence was 19% with furosem-
ide versus 28% with mannitol [37]. Similarly, in another
study, hydration plus mannitol was associated with more
cisplatin nephrotoxicity compared to saline hydration
only or saline plus furosemide [31]. Also, by assessing
the effect of mannitol on the urinary excretion of N-acetyl-
B-D-glucosaminidase (NAG) and alanine aminopeptidase
(AAP) which indicate cisplatin-induced tubular injury,
it was found that mannitol infusion did not affect NAG
or AAP concentration [39]. Morgan et al. [15] conducted
a review of literature from 1945 till 2011 evaluating the
effect of mannitol on nephrotoxicity caused by cisplatin
and concluded that there are no compelling data that
the addition of mannitol provides more protection from
nephrotoxicity caused by cisplatin than the use of hydra-
tion alone. In 2008, The European Society of Clinical
Pharmacy Special Interest Group on Cancer Care recom-
mended not using either mannitol or furosemide in cispl-
atin hydration protocol [40].A recent systematic review
suggested that mannitol may be beneficial only for high
dose cisplatin exceeding 100 mg/m? and/or patients with
preexisting hypertension [41]. However, it is worthy to
mention that Himmelstein K.J. et al tested the effect of
mannitol on cisplatin plasma concentration, and found that
it did not have an effect on cisplatin plasma levels or cis-
platin clearance [42]. The latter finding may represent an
advantage of mannitol over ACTZ as the effect of ACTZ
on cisplatin plasma levels has never been tested.

By searching the Pubmed, only one study was found
to compare mannitol and ACTZ in reducing cisplatin

nephrotoxicity in animal models [28]. The latter study was
done on rats and showed that ACTZ administration before
cisplatin reduced the cisplatin-induced nephrotoxicity com-
pared to mannitol using uremia as an indicator of nephro-
toxicity. This is in accordance with the current study where
ACTZ group showed a stable level of uremia compared to
the increased level in mannitol group.

In this study, there was no statistically significant dif-
ference regarding hepatic function tests or hematological
parameters which confers safety of ACTZ compared to
mannitol. Although there was no statistically significant dif-
ference between the two groups regarding adverse effects,
leucopenia and peripheral neuropathy were higher in man-
nitol group. However, these adverse effects may be related
to chemotherapy regimens used and not related to either
mannitol or ACTZ.

Conclusion

The present pilot study showed that ACTZ may provide
more superior nephroprotective effect than mannitol. This
effect appears after repeated administration of cisplatin
doses. No significant difference existed between patients
who improved or shifted to another chemotherapy in either
ACTZ or mannitol group. However, cisplatin therapeu-
tic efficacy couldn’t be measured because not all data for
RECIST criteria and investigations were available in patient
files. Also, neither cisplatin plasma concentration nor NAG
was measured in this study. Accordingly, a large multicenter
randomized controlled clinical trial is recommended to con-
firm this study results and to assess the effect of ACTZ on
tumor response and cisplatin plasma concentration. More-
over, newer biomarkers as Kidney injury molecule-1 and
Neutrophil gelatinase-associated lipocalin can be used for
further assessment of kidney injury due to cisplatin. Also,
as cisplatin nephrotoxicity is cumulative, following patients
for more than the three cycles monitored in the present study
may provide more definitive results.

Availability of data and materials The datasets generated during and/or
analyzed during the current study are available from the corresponding
author on request.
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