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Abstract

Purpose Acute kidney injury (AKI) is a frequent dose-limiting toxicity induced by cisplatin. Mannitol has been used in hydration
protocols to mitigate this adverse event but its role remains controversial. The aim of this study is to define the impact of mannitol on AKI
in patients receiving cisplatin.

Methods This retrospective observational study was conducted in cancer patients who received at least one dose of cisplatin
between September 2010 and December 2016 at the Centre hospitalier de 1I’Université de Montréal. The primary outcome of this
study was the comparison of all grade cisplatin-associated AKI between hydration protocols with or without mannitol.

Results A total of 1821 patients were included of which 658 received mannitol whilst 1163 received hydration alone. The risk of all grade
cisplatin-associated AKI was significantly lower for the mannitol group (Hazard Ratio (HR) = 0.62; 95% CI[0.42, 0.89]). This result was
mainly driven by gynecologic (HR = 0.50), upper gastrointestinal (HR = 0.32), urinary tract malignancies (HR = 0.29) and lymphoma
(HR = 0.33). No significant difference was seen for head and neck (HN), lung, germ cells and other cancers. However, HN cancers
patients receiving mannitol had fewer grade 2 and 3 AKI. Significantly fewer AKI events were observed in HN, lung, upper gastroin-
testinal and urinary tract cancer when mannitol was added for cisplatin dose <75 mg/m”.

Conclusion Although the results were generally driven by a decrease of grade 1 AKI for most cancers, the greatest benefit of

mannitol was seen with cisplatin doses lower than 75 mg/m* and should probably be reinstated in this setting.

Keywords Cisplatin - Hydration - Mannitol - Nephrotoxicity - Acute kidney injury

Introduction

Cisplatin is a platinum-based antineoplastic drug commonly
used in the treatment of various types of cancer, including
head and neck, lung, and cervix. Common adverse events of
cisplatin include nausea and vomiting, neurotoxicity,
myelosuppression, ototoxicity, and nephrotoxicity.
According to recent studies, cisplatin-induced acute kidney
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injury (AKI) occurs in 15 to 35% of patients despite
nephroprotective measures [1, 2]. Dose-related nephrotoxicity
remains the major dose-limiting toxicity and usually occurs
within the first 10 days following cisplatin infusion and may
persist for up to 3 weeks [3].

Cisplatin nephrotoxicity occurs mainly in the proximal tu-
bule cells where its uptake through an organic cation trans-
porter leads to accumulation. Direct tubular epithelial cell tox-
icity, vasoconstriction in the renal microvasculature, and pro-
inflammatory effects also contribute to renal dysfunction [1,
3—7]. Traditionally, the use of intensive intravenous hydration
before and after cisplatin infusion has been the mainstay of
AKI prevention [4]. Additionally, use of diuretics such as
mannitol and furosemide, although controversial, has been
hypothesized to further limit cisplatin renal toxicity.
Diuretics decrease urinary cisplatin concentration by increas-
ing water excretion and blocking chloride reabsorption, which
decreases the rate of cisplatin activation by aquation [2, 6, 8,
9].

Initial studies investigating the role of mannitol associated
its use with a decrease in nephrotoxicity [8, 10, 11]. In 2003
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and 2010, two studies concluded that mannitol had no impact
on the incidence of cisplatin-induced nephrotoxicity when
compared with hydration alone [12, 13]. A subsequent inter-
national mannitol drug shortage in 2012 called into question
its role in cisplatin hydration protocols. Furthermore, in a re-
view evaluating the role of mannitol, the authors concluded
that hydration alone was the most reasonable strategy to re-
duce cisplatin-induced nephrotoxicity owing to the lack of
compelling evidence favoring mannitol use [14]. Given the
paucity of evidence, many centers worldwide, including our
institution, removed mannitol from all cisplatin-containing
hydration regimens.

In 2017, a systematic review of 24 studies evaluated strategies
to prevent cisplatin-induced nephrotoxicity in 2546 patients with
various types of solid tumors. Most of the studies included fewer
than 100 patients (range of 17 to 496 patients) and evaluated
different hydration regimens in patients receiving cisplatin doses
greater than or equal to 50 mg/m?. Hydration volumes varied
between 1 and 6 L of fluid and a wide range of definitions were
used to assess nephrotoxicity [2]. Based on seven studies (564
patients) directly evaluating the role of mannitol, the authors
stated that mannitol may be considered for cisplatin doses higher
than 100 mg/m? and/or patients with preexisting hypertension [2,
5, 8, 10-13, 15]. The authors also concluded that insufficient
evidence supported the use of furosemide for forced diuresis.

Later, another retrospective study of 313 patients suggested
that mannitol lowered the incidence of grade 2 or higher acute
nephrotoxicity compared with hydration protocols without
mannitol in patients with non-gynecologic malignancies and
those receiving cisplatin doses greater than or equal to 70 mg/
m? (6% vs. 23%; p = 0.001 and 7% vs. 22%:; p = 0.03, respec-
tively) [16]. A retrospective case-control study of 1245 pa-
tients showed no influence of mannitol dosage (12 g, 20 g,
or 40 g) on cisplatin-induced AKI (1.08, 95% CI 0.94-1.25, p
=0.29). However, results from a subgroup analysis suggested
that patients receiving cisplatin 50 mg/m* with 12 g of man-
nitol were less likely to develop nephrotoxicity compared with
those who received hydration alone (OR 0.28, 95% CI 0.14—
0.57, p < 0.001) [17].

Given the conflicting results observed throughout the liter-
ature, the role of mannitol in prevention of cisplatin-induced
nephrotoxicity remains controversial. The aim of this study is
to compare all grade nephrotoxicity between hydration proto-
cols with or without mannitol in all patients receiving cisplatin
for the treatment of cancer.

Methods
Patients

This retrospective trial was conducted at the Centre hospitalier
de I’Université de Montréal (CHUM) in Canada. Patients
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were included if they were 18 years of age or older and re-
ceived at least one intravenous dose of cisplatin with or with-
out other concomitant cancer drugs and one of the three hy-
dration protocols detailed below. Patients were excluded if
they did not receive the volume of hydration provided in the
usual protocols or if they received a cisplatin infusion in more
than 4 h (ex: continuous perfusion over 24 h, etc.). For patients
who received two different hydration protocols during the
same regimen, only data from the first protocol was collected
to prevent confusion bias. Furthermore, cycles for which cre-
atinine values were not available within 6 weeks of the last
cisplatin dose administered were considered missing data and
therefore censored.

Study design

Electronic medical records were used to identify patients who
received at least one dose of cisplatin between September
2010 and December 2016. Approval by the CHUM research
and ethics committee was obtained prior to data collection.

Prior to the 2012 mannitol shortage, the standard hydration
protocol for cisplatin according to our local practice contained
mannitol with 1 L of normal saline (NS) alternating with 1 L
dextrose 5% (D5%) and sodium chloride 0.45% (0.45%
NaCl) (D5%—0.45% NaCl). Mannitol dosage, volume of hy-
dration, and duration of cisplatin infusion varied according to
the cisplatin dose. A total of 3 L of fluids (2 L beforeand 1 L
after cisplatin) and 12.5 g of mannitol were administered with
doses of cisplatin lower than 75 mg/m*. With doses greater
than or equal to 75 mg/m?, a total of 4 L of fluids (3 L before
and 1 L after cisplatin) and 25 g of mannitol were adminis-
tered. Following the drug shortage and given the lack of evi-
dence supporting its use, mannitol was removed from hydra-
tion protocols and NS alternating with D5%—0.45% NaCl
became the standard protocol [14]. In 2015, our protocol
was updated. Dextrose 5% (D5%) was removed from the hy-
dration protocol and NS alone was given. This decision was
taken after consultation with our nephrologists and was based
on studies demonstrating a possible benefit of NS over D5%
alone on the incidence of nephrotoxicity [18, 19]. Therefore,
in the current study, patients were divided into three groups
based on the hydration protocol they received, the mannitol,
the D5%—0.45% NaCl, and the NS group, respectively.

The primary outcome of this study was the comparison of
all grade cisplatin-associated AKI, according to Common
Terminology Criteria for Adverse Events (CTCAE) version
4.03. (Table S1 of the Supplementary Material), between hy-
dration protocols with or without mannitol [20]. The analysis
was done by cycle by comparing baseline serum creatinine
(SCr) to the highest SCr levels between cycles and for up to
6 weeks after cisplatin treatment completion. In some cases,
there is a right censoring because the last serum creatinine was
not available. The frequency of serum creatinine measures
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varied according to each chemotherapy protocol but also ac-
cording to emergency room visits (see Table 1). Secondary
outcomes included the comparison of all grade AKI for pa-
tients who received doses of cisplatin less than 75 mg/m?* and
for patients who received doses greater than or equal to 75 mg/
m?. All grade AKI was also compared between the D5% and
0.45% NaCl and the NS group for patients who did not receive
mannitol. Other exploratory descriptive outcomes included
the distribution of AKI toxicity by malignancy, consequences
of toxicity for each malignancy, and frequency of adverse
events associated with cisplatin.

Baseline demographic, concomitant nephrotoxic medica-
tion (see definition in Table S2 of the Supplementary
Material), treatment data, hydration type, mannitol use, base-
line, and follow-up magnesemia, kalemia, and natremia were
collected. Data related to toxicity included baseline SCr (with-
in a month before cisplatin), creatinine clearance (calculated
with Cockroft-Gault equation), and SCr between every cycle.
All variables were collected using electronic medical records,
laboratory records, and prescriptions.

Statistical analysis

Counting process specification of the Cox’s regression models
was used to estimate the hazard ratio (HR) with 95% confi-
dence intervals (CI) for the difference of AKI between hydra-
tion groups [21]. This approach allows for adjustments using
different risk sets at different time points [21]. Because of the
significant interaction between cancer types and hydration
groups, the effect of mannitol had to be analyzed separately
by cancer types. These results were adjusted for cisplatin
doses and use of furosemide. The overall effect of mannitol
was estimated with a random effect meta-analysis. Probability
of AKI-free events between groups with or without mannitol
was calculated using the Kaplan-Meier method and curves
were compared using the log-rank test. All statistical analyses
were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC,
USA) with a significance level of 0.05.

Results

Of 1932 patients identified, 1821 were included in this study and
111 patients were excluded since they did not receive one of the
three standard hydration protocols. A total of 658 patients
(36.1%) received mannitol, 732 patients (40.2%) received
D5%—0.45% NaCl and 431 patients (23.7%) received NS alone
for a total of 6002 doses of cisplatin. For each cancer types, the
groups with and without mannitol were similar in regards to
baseline characteristics (Table 1). Most patients had a normal
kidney function whilst few patients had a baseline creatinine
clearance less than 60 mL/min (4%). Furosemide use was signif-
icantly more frequent in the mannitol group compared with

patients receiving D5%—0.45% NaCl and NS (97.9%, 43.9%,
and 24.1% respectively; p < 0.001) as it was a standard practice
at that time. A higher percentage of patients was treated for a
gynecologic malignancy in the mannitol group and so the cis-
platin doses and hydration volume were lower.

Overall, 1212 AKI events were reported in 562 patients.
The primary outcome of the trial, the risk of all grade cisplatin-
associated AKI was significantly lower for the mannitol group
(hazard ratio (HR) = 0.62; 95% C1[0.42, 0.89]). Certain tumor
sites demonstrating an important advantage in favor of the
mannitol group like gynecologic (HR = 0.50; P = 0.0377),
upper gastrointestinal (GI) (HR = 0.32; p = 0.0086), urinary
tract malignancies (HR = 0.29; p = 0.0047), and lymphoma
(HR =0.33; p=0.0075). However, no difference was seen for
head and neck (HR = 1.00; p = 0.99), lung (HR = 0.73; p =
0.096), germ cells (HR = 1.15; p = 0.8355), and other cancers
(HR =1.29; p =0.5076) (Fig. 1). A Kaplan-Meier analysis of
the probability of AKI-free events was performed for each
cancer type and is presented in Figure S1. These figures show
that most AKI events occurred during the first cycle of treat-
ment and are evenly distributed afterwards.

For most malignancies, no statistical difference was seen
between hydration protocols with or without mannitol in pa-
tients receiving doses greater than or equal to 75 mg/m?
(Table 2). Conversely, with the exception of gynecologic,
lymphomas, and other cancers, patients receiving cisplatin
doses lower than 75 mg/m? were significantly less likely to
develop AKI when mannitol was administered (Table 2).

In patients not receiving mannitol, the risk of all grade AKI
was significantly lower for patients with gynecologic malig-
nancies in the D5%—0.45% NaCl group when compared with
the NS group [HR = 0.38 (95% CI 0.18-0.77); p = 0.0072].
Patients receiving treatment for a head and neck or a lung
cancer were less likely to develop all grade AKI with dextrose
hydration compared with non-dextrose hydration although the
association was not statistically significant. In patients with
lymphoma, upper GI, and urinary tract cancers, there was a
higher risk of all grade AKI in patients receiving dextrose
compared with patients receiving NS (Fig. 2). However, this
trend was statistically nonsignificant.

Exploratory analysis showed that grade 1 AKI were the
most common, whereas grade 3 AKI were the least common
(Table S3 of the Supplementary Material). Head and neck
cancer patients receiving mannitol had fewer grade 2 or 3
AKI events (Table S3). No grade 4 AKI were observed in
any cancer types. Electrolytic disorders occurring during treat-
ment are detailed in Table S4. No clear pattern emerges from
the consequence of toxicity between hydration protocols.
However, dose reduction and chemotherapy cycle omission
appear less frequent in gynecologic cancer patients who re-
ceived mannitol-containing hydration protocols although the
exact reason was not collected (cytopenia, AKI, etc.)
(Table S5).
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Fig. 1 Risk of all grade cisplatin- Kialk . Hazard Ratio Weight
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Discussion important advantage in favor of the mannitol group (gyneco-

In this retrospective study, the addition of mannitol to a stan-
dardized hydration protocol in prevention of cisplatin-induced
nephrotoxicity was associated with a risk reduction of all
grade AKI in our entire cohort of patients. This result was
obtained from a random effect meta-analysis because the in-
teraction of cancer types was significant in the counting pro-
cess specification of Cox’s regression models. Because of the
interaction, the extrapolation of the overall effect of mannitol
should be done with caution. The analysis by cancer types
became necessary as certain tumor sites demonstrating an

Table 2 Risk of all grade AKI in patients receiving mannitol vs no

mannitol based on the cisplatin dose received (< 75 mg/m? or > 75 mg/
2

m°)

Malignancies Hazard ratio® (95% CI)
<75 mg/m? > 75 mg/m?
(n = 823) (n =988)

Head and neck (n = 543)
Lung (n = 456)
Gynecologic (n = 333)
Upper GI (n = 128)
Urinary tract (n = 80)

0.37 (0.17-0.83)
0.56 (0.32-0.98)
N/A®

0.15 (0.05-0.51)
0.14 (0.04-0.50)
1.98 (0.39-9.97)
N/AC

1.23 (0.46-3.28)

1.17 (0.75-1.82)
0.90 (0.58-1.38)
N/A®

2.06 (0.42-10.07)
1.87 (0.64-5.46)
0.23 (0.09-0.59)
N/A®

1.34 (0.49-3.70)

Lymphoma (n = 63)
Germ cell cancer (n = 69)
Other (n = 149)

AKT acute kidney injury, G/ gastrointestinal
Reference: non-mannitol-containing hydration

® Analysis were not possible with the gynecologic group since doses were
<75 mg/m? in all patients

¢ Analysis were not possible since only 5 patients received a dose lower <
75 mg/m?

@ Springer

logic, upper GI, and urinary tract cancers and lymphomas) in
comparison with other malignancies (head and neck, lung,
and germ cell tumors) (see Fig. 1).

A clinically compelling result in this trial is the benefit of
mannitol in patients treated for gynecologic, urinary tract and
upper GI malignancies. These patients generally received
doses lower than 75 mg/m®. As shown in Table 2, for most
malignancy groups, patients receiving lower doses of cisplatin
(< 75 mg/m?) were less likely to experience nephrotoxicity in
the mannitol group. According to the local hydration protocol,
patients who were given cisplatin doses less than 75 mg/m?
received 3 L of IV fluid whilst patients who were given higher
doses received 4 L of fluid. Thus, we hypothesize that the use
of mannitol may have counterbalanced the use of lower fluid
volume for these patients. This would, however, imply that the
nephrotoxic effect of cisplatin is both dose dependent and
influenced by the volume of fluid administered. This is op-
posed to the current literature which suggests a dose-
dependent effect only [7, 14]. Previous retrospective studies
showed significant benefits on mannitol-containing hydration
protocols in patients receiving doses higher than 70 mg/m? [6,
15]. Another explanation could be that doses of cisplatin > 75
mg/m? requires a higher dose of mannitol than those used in
this study (25 g). However, a previous study showed no influ-
ence of mannitol dosage (12 g, 20 g, or 40 g) on cisplatin-
induced AKI [17].

Many factors may explain the differences between our re-
sults and those published in previous studies. The definition
and assessment of nephrotoxicity vary throughout studies and
may account for some of the differences observed. Similarly
to previous studies, we believe that the definition of AKI
according to the CTCAE was the most appropriate way to
evaluate cisplatin-induced nephrotoxicity because this grad-
ing system allows easy quantification of nephrotoxicity and
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Fig. 2 Risk of all grade cisplatin- Malignancies

associated AKI between the dex-
trose 5% and the NS hydration
protocols in patients who did not
receive mannitol

Head and Neck n =356 ——
Lung n=272 -

Gynecologic n=195 ——

Hazard Ratio, diioted

?(95% Cl) P value
0.77 (0.57-1.04) 0.0882
0.70 (0.52-1.11) 0.1524

0.37 (0.18-0.75) 0.0056

Upper Gl n=83 +

Urinary Tract | n =57 -

1.58 (0.67-3.71) 0.2977

1.33 (0.74-2.39) 0.3441

Lymphoma n=45 *

1.23 (0.60-2.51) 0.5754

Germ Cell n=40

Others n=97

0.96 (0.12-7.96) 0.9706

0.66 (0.29-1.59) 0.3151
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4 Favors Dextrose 5%

is widely used in oncology [13, 15, 16]. This definition
prevailed at the time of writing the protocol in January 2017
before the updated version 5 of CTCAE became available. As
the measurement of creatinine greatly influences the clinical
management of the patient, we believe that the choice of our
primary objective is adequate. Important clinical conse-
quences on treatment (omission, discontinuation, delay, or
dose reduction) in Table S5 were not collected specifically
for acute kidney injury and included treatment change for
other reasons such as ototoxicity or fatigue. Additionally, the
characteristics of the hydration protocols used may have af-
fected the effectiveness of mannitol. The protocols used in this
study required administration of greater volumes of fluid (3 L
or 4 L) compared with previously published studies, which
usually used 1 to 2 L [5, 12, 15, 16]. Therefore, this may
explain the lower rate of all grade nephrotoxicity found in
our study. Although patients in the mannitol group received
furosemide more frequently than patients in the other hydra-
tion groups, the results were adjusted accordingly. Thus, the
impact on our results is lessened.

Our results suggest that mannitol-containing hydration pro-
tocols may reduce nephrotoxicity in patients with head and
neck, lung, upper gastrointestinal, and urinary tract cancer
treated with cisplatin doses lower than 75 mg/m* (Table 2).
In patients with head and neck cancer, although no differences
were seen between hydration protocols regarding the propor-
tion of patients with at least one occurrence of any grade AKI
(Fig. 1), those who received mannitol had fewer grades 2 and
3 AKI events (Table S3). However, it is unclear if this obser-
vation is driven by the subgroup of patients receiving cisplatin
doses lower than 75 mg/m?. Regardless, the benefit of man-
nitol in patients with head and neck cancer is consistent with
other studies [5, 15] Thus, we believe mannitol use could be
reinstated in this population, irrespective of cisplatin dose. In
gynecologic cancer patients, mannitol was associated with a
significant risk reduction of all grade nephrotoxicity (HR =

Favors NS >

0.50, p = 0.0325). These results were mainly driven by a
reduction of grade 1 AKI (Table S3) and clinical relevance
is questionable. Unexpectedly, hydration protocols containing
D5%—0.45% NaCl without mannitol were associated with a
significative risk reduction of all grade nephrotoxicity com-
pared with NS in the gynecologic cancer population (HR =
0.37, p = 0.0056). Lobo et al. reported that NS offers better
volume repletion than D5% in non-cancer patients [18].
However, D5% was associated with a faster and more pro-
nounced diuresis compared with NS. Consequently, D5%-in-
duced diuresis is potentially beneficial to limit renal accumu-
lation of cisplatin in patients receiving higher dose intensity
regimens such as weekly cisplatin 40 mg/m? in gynecologic
malignancies. Since mannitol-containing hydration protocols
also incorporated D5%—0.45% NaCl, the significant results
favoring mannitol use in gynecologic cancers may be driven
by the use of D5%. Therefore, hydration protocols containing
D5% without mannitol should be considered in this popula-
tion. Finally, lymphoma patients were the only subgroup to
benefit from mannitol use with cisplatin doses greater than or
equal to 75 mg/m? (see Table 2). Since few patients received
cisplatin doses lower than 75 mg/m?, we believe mannitol
should be administered in all lymphoma patients receiving
cisplatin. Exceptions must be made with patients receiving a
continuous infusion of cisplatin for more than 4 h such as
DHAP and ESHAP protocols as they were excluded from this
study.

This study has several limitations. First, because of its ret-
rospective nature, control of unknown confounding variables
was not feasible. Residual differences between the character-
istics of our patients in smaller groups (ex. lymphoma) may
persist and for which we could not account for. Second, infor-
mation bias may have affected our results. We chose to assess
AKI by measuring SCr between each cisplatin cycle instead of
taking the highest SCr throughout treatment. This allowed us
to have an increased sensitivity to detect low-grade AKI.

@ Springer
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Because cisplatin-induced AKI usually occurs in the first ten
days of cisplatin administration, we were more likely to detect
nephrotoxicity for weekly platinum regimens than for those
with longer cycle frequency. The latter may partially explain
our results in gynecologic cancers and lymphomas [3]. We
were also more likely to detect AKI in patients who received
chemotherapy on day 8 every 3 weeks or weekly. To limit this
risk of detection bias, we decided to classify patients accord-
ing to types of malignancy instead of pooling them all togeth-
er. The blood test frequency follow-up is similar between each
subgroup (see Table 1). Additionally, our results show that
grade 1 AKI was predominant in all tumor sites (Table S3 of
the Supplementary Material). Hence, it is reasonable to be-
lieve that our results are mainly driven by a risk reduction in
grade 1 AKI rather than any other grade and clinical relevance
may be questionable in this context. Also, given that hydration
protocol administration is determined by drug shortage and
departmental decisions, this study was not subjected to indi-
cation bias.

To our knowledge, HYDRA is the largest study exploring
the role of mannitol in cisplatin nephrotoxicity prevention
with a total of 1821 patients included. This allowed us to
classify patients according to cancer types thus limiting the
existing heterogeneity. Since we did not exclude patients on
the basis of malignancy type, we included patients that we
believe were understudied such as upper GI, urinary tract,
and lymphomas. Although a smaller number of patients are
included in these groups, the results obtained are consistent
with the rest of our conclusions. Secondly, our study compre-
hensively details patient characteristics and hydration proto-
cols used. The results are more easily generalized to a broader
population.

Conclusion and relevance

To date, studies examining the role of mannitol in hydra-
tion protocols to prevent cisplatin-induced AKI are con-
troversial. Recent studies suggested that mannitol has a
protective effect against cisplatin-induced nephrotoxicity
for high-dose cisplatin used in head and neck cancer. Data
is still lacking for other tumor sites and some hospitals
continue to use mannitol while others do not. Our study
showed that mannitol-containing hydration protocols sig-
nificantly reduced the risk of AKI compared with hydra-
tion alone in patients with lymphomas, gynecologic, up-
per GI, and urinary tract malignancies. However, since
these results are driven by a reduction in grade 1 toxicity,
clinical relevance remains to be seen. Mannitol provided
more benefit to patients with doses lower than 75 mg/m?
amongst most malignancies. These results suggest that
mannitol should be added in this context. For head and
neck cancers, the hydration protocols containing mannitol

@ Springer

did not decrease all grade AKI but reduced the number of
grade 2 and 3 AKI. Therefore, mannitol should also be
used in this setting. Despite the significant results obtain-
ed, our findings suggest that the nephroprotective effects
of hydration may also depend on the volume of fluid
administered. Thus, future studies should also focus on
evaluating the ideal volume of hydration.
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