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Abstract
Purpose Hydration is needed before and after cisplatin infusion for reducing the risk of nephrotoxicity. Even though there is no
standard regimen, patients receive mostly intravenous hydration before and after cisplatin leading hospitalization during at least
one night. Since the feasibility has been published, oral hydration after cisplatin was implemented in our practice. The safety of
this new way of hydration needs to be assessed in clinical practice.
Methods We collected medical records from patients treated by cisplatin for lung cancer in our unit between 2010 and 2016. We
retrospectively analyzed the incidence of cisplatin induced nephrotoxicity between after and before the change of hydration regimen.
Results Our patient cohort included 241 patients hydrated by intravenous regimen (IV/IV group) and 276 patient hydrated by
intravenous and oral regimen (IV/PO group). Grade ≥ 1 nephrotoxicity occurred in 39.4 and 25.7% in the IV/IV and IV/PO
groups respectively (p = 0.001). Age over 70 at baseline was a predictive factor for nephrotoxicity, but not estimated glomerular
filtration rate nor cisplatin-associated drugs. After a multivariate analysis, age remained a predictive factor for nephrotoxicity and
IV/PO hydration associated with a decrease in nephrotoxic risk.
Conclusion The implementation of oral hydration in our practice was not associated with an increase in nephrotoxicity. Our
observation based on large data from clinical practice shows that oral hydration after cisplatin is safe.
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Introduction

Cisplatin is a widely used cytotoxic drug for a broad spectrum
of malignancies, including lung cancer. Although new drugs

have been introduced such as angiogenesis inhibitors, tyrosine
kinase inhibitors, or immunotherapy, cisplatin remains the ba-
sis of many combinations as a first-line treatment for both
non-small cell and small cell lung cancer [1–3].
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Like other cytotoxic agents, cisplatin has a narrow thera-
peutic index and can induce neurotoxicity, ototoxicity, nausea
and emesis, or nephrotoxicity. Nephrotoxicity is the main
dose-limiting effect of cisplatin, since it occurs in about one
third of patients receiving cisplatin [4]. Nephrotoxicity arises
as an acute reduction in glomerular filtration rate, an increase
in serum creatinine and long-term renal failure [5].
Nephrotoxicity is partly explained by tubular re-absorption
that causes accumulation of cisplatin leading to renal tubular
cell death [6].

Active hydration before, during, and after cisplatin infusion
is accepted as the standard of care for reducing the cisplatin-
associated nephrotoxic risk since it decreases tubular uptake
by expanding volume [7, 8]. Various hydration regimens have
been proposed, but none is the gold standard. The most fre-
quently used hydration regimens in France consist of intrave-
nous (IV) pre-hydration with 1–2 L of normal saline for 6 h
before cisplatin infusion, and IV post-hydration with 1–2 L
after cisplatin infusion. These long-duration hydration regi-
mens require patients to stay at least one night at hospital.
Since anticancer drugs are now mostly administered in outpa-
tient units, this lengthy hydration regimen is less feasible in
current oncology practice.

Since aggressive hydration regimens (i.e., high hydration
volume) do not seem to reduce the nephrotoxicity risk [9],
some authors have suggested that patients could receive
shorter IV hydration regimens without increasing the nephro-
toxicity risk. Since the 2012 publication of a retrospective
non-comparative study documenting the feasibility of oral hy-
dration after cisplatin infusion [10], we changed our practice:
while IV hydration is still performed before cisplatin infusion,
patients are advised to drink a large quantity of water during
the days following cisplatin infusion.

The aim of our study was to assess the safety of oral hy-
dration post-cisplatin 3 years after it was implemented in our
unit by comparing the incidence of nephrotoxicity before and
after this change in practice.

Patients and method

This was a single-center, retrospective study based on data
extracted from the existing database of our prescription soft-
ware for anticancer drugs at the University Hospital of
Toulouse.

Patients

Data from patients treated with any cisplatin-based regimen
for lung cancer (no matter the histology grade) or malignant
mesothelioma in our outpatient lung cancer unit between 2010
and 2016 were evaluated retrospectively. We selected patients
who received cisplatin either as post-operative or first-line

metastatic treatment. To be included in the analysis, patients
must have been treated with at least one course of cisplatin
combination and had their renal function determined before
and after the cisplatin treatment.

Since the mode of hydration after cisplatin changed in
2013, the patients were divided into two groups: patients treat-
ed between 2010 and 2012 were in the IV/IV hydration group
and those treated between 2014 and 2016 were in the IV/PO
hydration group.

Data collected were the patients’ demographic parameters
(age, sex), morphology parameters (weight, body surface area,
body mass index), laboratory test results (serum creatinine
(SCr), estimated glomerular filtration rate (eGFR)), and treat-
ment parameters (dose of cisplatin by course, number of cis-
platin courses, combination regimen, history of switch from
cisplatin to carboplatin).

Hydration regimen

All patients were prehydrated with 2 L of NaCl 0.9%, 1 g/L
KCl, and 1 g/L MgSO4 for 6 h before the cisplatin infusion.
Patients in the IV/IV group (i.e., treated between 2010 and
2012) were hydrated after the cisplatin infusion with 1 L of
NaCl 0.9%, 1 g/L KCl, and 1 g/L MgSO4 for 2 h. Patients in
the IV/PO group (i.e., treated between 2014 and 2016) were
advised to drink as much water as they could (at least 1 L per
day) on the days following cisplatin infusion. Neither diuretics
nor mannitol were administered in any group.

Nephrotoxicity evaluation

Serum creatinine levels before each course were measured
from the first cisplatin infusion until the last cisplatin infusion
or the first carboplatin infusion, as the case may be. The eGFR
was calculated using the MDRD formula [11]. The primary
outcome was the occurrence of nephrotoxicity at any time
during the follow-up period defined using and the Common
Terminology for Criteria for Adverse Event (CTCAE) version
4.0 and the RIFLE (risk, injury, failure, loss, and end stage)
criteria [12].

– Grade ≥ 1 nephrotoxicity was defined as follows: de-
crease in eGFR of > 25% or increase in serum creatinine
level of ≥ 1.5 times the baseline level.

– Grade ≥ 2 nephrotoxicity was defined as follows: de-
crease in eGFR of > 50% or increase in serum creatinine
level of ≥ 2 times the baseline level.

– Grade ≥ 3 nephrotoxicity was defined as follows: de-
crease in eGFR of > 75% or increase in serum creatinine
level of ≥ 3 times the baseline level.

Since carboplatin is an alternative to cisplatin in case of
emerging or potential toxicity (nephrotoxicity, neurotoxicity,
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ototoxicity, etc.), the incidence of switching from cisplatin to
carboplatin was a secondary outcome to assess cisplatin
toxicity.

Statistical analyses

Most quantitative variables were converted into categorical
variable using the median as the cutoff point; a more clinically
relevant cutoff point was used for baseline eGFR (90 mL/min/
1.73 m2) and age (70 years old). Association between inci-
dence of grade ≥ 1 nephrotoxicity and categorical variables
(patient characteristics, treatment parameters, or baseline
eGFR) was assessed with the chi2 test or Fisher’s exact test
if necessary. All significant variables in the univariate analyses
(p value < 0.1) were introduced in a multivariate logistic re-
gression; then, a stepwise backward elimination of variables
was performed to retain only variables with a p value < 0.01 in
the final model. All analyses were carried out using R soft-
ware version 3.3.1 (R Core team 2013).

Results

Patients

In the first group, 241 patients treated by cisplatin as first-line
therapy between 2010 and 2012 were assessed for nephrotox-
icity among the 258 selected (93.4%), whereas in the second
group, 276 patients among the 296 (93.2%) treated between
2014 and 2016 were assessed. The patients’ characteristics are
shown in Table 1. The two groups were comparable in terms
of patient demographics, morphology, and laboratory test re-
sults. A median of three cisplatin course (range 1–6) was
administered for each group. The body surface area used to
calculate the dose of cisplatin was capped at 2 m2, which
explains why the cisplatin dosage was low (< 70 mg/m2) in
the largest patients. Pemetrexed- and/or bevacizumab-based
regimens were more common in the 2014–2016 treatment
period, but the number of cisplatin courses and the cisplatin
dosage were comparable across the two groups.

Nephrotoxicity

Grade ≥ 1 nephrotoxicity occurred in 39.4% of patients of the
IV/IV hydration group and 25.7% of patients in the IV/PO
hydration group (p = 0.001). Grade ≥ 2 nephrotoxicity oc-
curred in 3.7% of patients of the IV/IV hydration group and
1.8% of patients in the IV/PO hydration group (p = 0.27).
Grade ≥ 1 nephrotoxicity occurred in a median of 65 days in
the IV/IV hydration group and 60 days in the IV/PO hydration
group. When nephrotoxicity was observed, it was not revers-
ible, since no improvement of eGFR occurred during the treat-
ment period.

The predictors of grade ≥ 1 nephrotoxicity based on the
univariate analysis are shown in Table 2. Hydration group, a
pemetrexed-based regimen, age and dosage were included in
the multivariate analysis. Only hydration group and age were
retained in the final model (Table 2). The IV/PO hydration
group was associated with a decrease in the risk of nephrotox-
icity and being more than 70 years of age was associated with
an increase.

Switch from cisplatin to carboplatin

A switch from cisplatin to carboplatin (no matter the reason)
occurred in 32.8% of patients in the IV/IV hydration group
and 32.2% of patients the IV/PO hydration group (p = 0.9).
Predictors of a switch to carboplatin based on the univariate
analysis are shown in Table 3. Only being more than 70 years
old and having baseline eGFR < 90 mL/min/1.73 m2 were
correlated with the need to switch to carboplatin. These two
variables remained significant in the multivariate logistic re-
gression model (Table 3); thus, both were associated with an
increased need to switch to carboplatin.

Discussion/conclusion

Among the 517 patients evaluated, 32% had grade ≥ 1
nephrotoxicity and 2.7% had grade ≥ 2; no grade 3 neph-
rotoxicity was observed. These results are consistent with
those published previously [4]. Our multivariate analysis
showed that changing the hydration regimen did not in-
crease the incidence of nephrotoxicity. Moreover, pa-
tients who hydrated using the IV/PO regimen had a sig-
nificant decrease in nephrotoxicity. Since volume of wa-
ter consumed was not monitored, we cannot explore if
this was due to a difference of volume between the two
hydration regimens. The protective effect of oral magne-
sium supplementation [13, 14] has been described. So we
may hypothesize that patients advised to drink the days
following cisplatin infusion should have a better dietary
electrolyte intake that could explain this decrease in
nephrotoxicity. The prevention of chemotherapy-induced
nausea and vomiting could indirectly influence the neph-
rotoxicity by facilitating the oral hydration [15], but
since the antiemetic regimen was the same during our
observation period, a better nausea and vomiting control
could not be considered as confounding factor.

The other factor associated with an increasing risk of neph-
rotoxicity was being more than 70 years of age. The age effect
was expected since it has already been identified as a predic-
tive factor for cisplatin nephrotoxicity [4]; however, it could
also be the result of a poor performance status or associated
comorbidity. Since full clinical data for our patients were not
available, we could not conclude that age is an independent
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predictive factor for nephrotoxicity. Nevertheless, it suggests
that frail patients are more susceptible to nephrotoxicity.

Unexpectedly, we found no relationship between al-
tered eGFR at baseline and nephrotoxicity, neither in
the univariate nor in the multivariate analysis, although
it has been shown as a predictive factor for nephrotoxi-
city [16]. Since altered eGFR was associated with a
higher rate of switching from cisplatin to carboplatin,
we can presume that carboplatin was used to replace
cisplatin earlier for patients with low eGFR before they
experienced nephrotoxicity. Interestingly, the IV/PO hy-
dration regimen was not associated with carboplatin use;
hence, the benefit of oral hydration is not due to the
protective effect of switching to carboplatin.

Age > 70 was also associated with carboplatin use. Despite
careful use of cisplatin in older patients with an early switch to
carboplatin, the nephrotoxicity rate was higher. This could be
explained by confounding factors that influence nephrotoxici-
ty in older patients, independent of whether carboplatin is used
or not.

No influence of the treatment associated with cisplatin was
observed on nephrotoxicity. Recent drugs such as pemetrexed
or bevacizumab—while suspected to be nephrotoxic [17]—
were not associated with an increase in cisplatin nephrotoxi-
city. It should be noted that the nephrotoxic risk was not eval-
uated during the maintenance period after cisplatin, only dur-
ing the combination period.

In the multivariate analysis, we found no significant
correlation between the cisplatin dose and nephrotoxicity,
whereas it is known to be a dose-dependent side effect
[18]. Indeed, a dose > 75 mg/m2 was associated with a
1.5-fold increasing risk of nephrotoxicity, but not at a
significant level. In our population, cisplatin regimens
were relatively homogenous with very low between-
patient dose variation, which may explain the lack of
correlation between dose and toxicity.

The main limitation of our study is the lack of clinical data
such as performance status, cancer stage, comorbidity, and
associated treatment that can influence cisplatin nephrotoxici-
ty (such as use of non-steroidal anti-inflammatory drugs [19].
Nevertheless, the available characteristics were comparable
between the two hydration regimen groups. Clinical practice
did not change between the two hydration regimens except for
combination treatments, but the multivariate analysis did not
find any effect of cisplatin-associated drugs on nephrotoxicity.
While this is not truly a comparative study since patients were
not treated during the same period, the multivariate analysis
allowed us to conclude that an IV/PO hydration regimen is not
associated with worse safety outcomes.

Other studies explored the feasibility of short-duration
hydration regimens, most of them performed on non-
Caucasian patients. Tiseo et al . [20] in a non-
comparative retrospective study were the first to report
the feasibility of a short IV hydration (normal saline 2 h

Table 1 Patient characteristics
Patient characteristics IV/IV hydration n = 241 IV/PO hydration n = 276

Sex*

Male 150 (62.2%) 173 (62.7%)

Female 91 (37.8%) 103 (37.3%)

Age** 58 (21–64); 27–80 60 (55–66); 30–78

Weight** 69 (59–70); 42–131 70 (60–72); 38–137

BSA** 1.79 (1.64–1.95); 1.36–2.42 1.82 (1.64–1.99) 1.31–2.66

BMI** 24.0 (21.3–26.0); 16.4–45.9 24.0 (21.6–27.1); 15.1–43.7

SCr (μM) 67 (58–79); 28–114 70 (59–79); 35–119

eGFR (ml/min/1.73 m2)** 100 (86–117); 59–226 98 (84–113); 51–201

Cisplatin dosage (mg/m2)** 75 (75–76); 50–81 75 (74–80); 60–81

Cisplatin dose (mg) ** 139 (127–150); 88–160 140 (130–150); 99–160

N course** 3 (2–4); 1–6 3 (2; 4) 1–6

Regimen*

Cisplatin-pemetrexed 71 (29.5%) 100 (36.2%)

Cisplatin-pemetrexed-bevacizumab 19 (7.9%) 42 (15.2%)

Cisplatin-gemcitabine 7 (2.9%) 8 (2.9%)

Cisplatin-gemcitabine-bevacizumab 4 (1.7%) 0 (0.0%)

Cisplatin-vinorelbine 109 (44.6%) 123 (44.6%)

Cisplatin-docetaxel 31 (12.9%) 3 (1.1%)

BSA body surface area, BMI body mass index, SCr serum creatinine, eGFR glomerular filtration rate estimated
using the MDRD formula

*Variables expressed as N (%). **Variables expressed as median (interquartile range); min-max
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before and 2 h after cisplatin) with a decrease in creati-
nine clearance ranged between 11 and 39.9% in 40% of
patients. Ouchi et al. [21] and Yamaguchi et al. [22] in
two similar retrospective studies compared short IV hy-
dration (2 L of normal saline infused over 4 h started
before and ended after cisplatin) to continuous hydration
(normal saline over 24 h). They observed no difference
in nephrotoxicity between the two hydration regimens
but the numbers of patients were limited. Three prospec-
tive studies demonstrated the feasibility of short-term and
low volume hydration [23–25]. The incidence of nephro-
toxicity was below 4% but they only looked at nephro-
toxicity after the first cisplatin infusion. Sato et al. [26]

tried to add oral hydration solution to short IV hydration
in a 47 patient’s non-comparative prospective study. Our
study was based on the publication of Lavolé et al. [10].
In this study, patients were prehydrated with 2 L of 5%
dextrose with 4 g/L NaCl, 2 g/L KCl, 1 g/L MgCl2, and
1 g/L CaCl2, and advised to drink large quantities of
liquid during the days following chemotherapy. In this
non-comparative retrospective study, they showed only
20% of patients with a decrease in creatinine clearance
over than 20 mL/min. Given the large number of
Caucasian patients followed during the entire cisplatin
treatment period in our study, our findings reinforce pre-
vious suggestions that a less aggressive hydration

Table 2 Factors associated with
an increasing risk of
nephrotoxicity (panel A:
univariate analysis, panel B:
multivariate analysis)

Variable Modality OR [CI 95%] P value

A—univariate analysis

Hydration IV/PO hydration 0.53 [0.36–0.78] 0.001

IV/IV hydration 1

Pemetrexed Pemetrexed 0.69 [0.46–1.05] 0.075

Other combination 1

Bevacizumab Bevacizumab 0.79 [0.44–1.42] 0.416

Other combination 1

Vinorelbine Vinorelbine 1.36 [0.93–1.98] 0.108

Other combination 1

Gemcitabine Gemcitabine 1.95 [0.76–5.00] 0.153

Other combination 1

Docetaxel Docetaxel 1.34 [0.64–2.78] 0.430

Other combination 1

BSA BSA > 1.81 m2 0.94 [0.64–1.37] 0.734

BSA ≤ 1.81 m2 1

Baseline eGFR eGFR < 90 ml/min/1.73 m2 0.73 [0.48–1.11] 0.138

eGFR ≥ 90 ml/min/1.73 m2 1

Weight Weight > 70 kg 0.81 [0.55–1.18] 0.256

Weight ≤ 70 kg 1

BMI BMI > 24 kg/m2 0.80 [0.55–1.17] 0.246

BMI ≤ 24 kg/m2 1

Dose (mg) Dose > 140 mg 0.96 [0.66–1.39] 0.811

Dose ≤ 140 mg 1

Dosage (mg/m2) Dose > 75 mg/m2 1.52 [0.99–2.33] 0.0525

Dose ≤ 75 mg/m2 1

Age Age > 70 years 2.53 [1.32–4.84] 0.004

Age ≤ 70 years 1

Sex Female 1.15 [0.78–1.69] 0.471

Male 1

B—multivariate analysis

Hydration IV/PO hydration 0.61 [0.46–0.79] 0.001

IV/IV hydration 1

Age > 70 years Age > 70 years 2.71 [1.4–5.25] 0.002

Age ≤ 70 years 1
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regimen could be implemented in outpatient units with-
out increasing cisplatin nephrotoxicity. This approach
represents a way to decrease medical cost since day hos-
pital care is cheaper than inpatient care [27]. This also
could represent a clinical benefit for patients. Cisplatin
and carboplatin are two options as first-line therapy in
lung cancer [1]. Cisplatin is slightly superior in efficacy
to carboplatin [28] but carboplatin may have less toxic-
ity; thus, clinicians must take individual patient factors
into consideration when recommending cisplatin or
carboplatin. Azuma et al. [29] showed that quality of life
score was significantly better in outpatients receiving
chemotherapy with short hydration than inpatients re-
ceiving the same chemotherapy with long hydration.

This observation could lead to recommending carboplatin
on quality of life criteria, but our study shows that IV/
PO hydration allows clinicians to recommend cisplatin
without impairing quality of life.

Conclusion

Based on our retrospective analysis, we showed that the
change in cisplatin hydration regimen did not lead to an in-
creasing risk of nephrotoxicity. Thus, this study validates the
safety of oral hydration after cisplatin infusion that allows
clinicians to administer cisplatin in outpatient units.

Table 3 Factors associated with
an increasing risk of switching
cisplatin to carboplatin (panel A:
univariate analysis, panel B:
multivariate analysis)

Variable Modality OR [CI 95%] P value

A—univariate analysis

Hydration IV/PO hydration 0.98 [0.67–1.42] 0.897

IV/IV hydration 1

Pemetrexed Pemetrexed 0.94 [0.63–1.40] 0.755

Other combination 1

Bevacizumab Bevacizumab 0.99 [0.56–1.75] 0.972

Other combination 1

Vinorelbine Vinorelbine 1.02 [0.7–1.49] 0.908

Other combination 1

Gemcitabine Gemcitabine 1.92 [0.75–4.91] 0.165

Other combination 1

Docetaxel Docetaxel 0.86 [0.39–1.86] 0.691

Other combination 1

BSA BSA > 1.81 m2 0.97 [0.67–1.41] 0.879

BSA ≤ 1.81 m2 1

Baseline eGFR eGFR < 90 ml/min/1.73 m2 1.97 [1.32–2.92] 0.001

eGFR ≥ 90 ml/min/1.73 m2 1

Weight Weight > 70 kg 1.07 [0.74–1.57] 0.702

Weight ≤ 70 kg 1

BMI BMI > 24 kg/m2 1.07 [0.73–1.55] 0.730

BMI ≤ 24 kg/m2 1

Dose (mg) Dose > 140 mg 1.0 [0.98–1.01] 0.478

Dose ≤ 140 mg 1

Dosage (mg/m2) Dose > 75 mg/m2 1.19 [0.78–1.8] 0.407

Dose ≤ 75 mg/m2 1

Age Age > 70 years 3.41 [1.77–6.60] 0.004

Age ≤ 70 years 1

Sex Female 1.12 [0.76–1.64] 0.566

Male 1

B—multivariate analysis

GFR < 90 eGFR < 90 ml/min/1.73 m2 1.74 [1.55–2.61] 0.007

eGFR ≥ 90 ml/min/1.73 m2 1

Age > 70 years Age > 70 years 2.85 [1.45–5.61] 0.002

Age ≤ 70 years 1
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