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CLINICAL STUDY
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nephrotoxicity

Alireza Saadat1,2, Somayeh Sadat Shariat Maghani2, Zohreh Rostami1,2, Amir Davoudi3, Farnoush Davoudi4,
Alireza Shafie2, and Behzad Eynollahi1,2

1Department of Hematology & Oncology, Baghiyatallah University of Medical Sciences, Tehran, Iran, 2Department of Nephrology & Urology,

Nephrology & Urology Research Center, Tehran, Iran, 3Emergency Medicine Department, Trauma Research Center, Baghiyatallah University of

Medical Sciences, Tehran, Iran, and 4Department of Community and Preventive Medicine, Tehran University of Medical Science, Tehran, Iran

Abstract

Background: Cisplatin is a potent anticancer drug, but its nephrotoxicity limits the clinical use of
it. To reduce the Cisplatin-induced nephrotoxicity, various interventions have been implicated.
The aim of this study was to examine whether preconditioning with normobaric hyperoxia
would prevent Cisplatin-induced nephrotoxicity in patient with solid tumor. Methods: In a
prospective study, 80 adult patients with solid tumor who were treated with Cisplatin between
February 2011 and December 2011 were included. Forty-three patients were exposed to pure
oxygen via non-rebreathing reservoir mask which increased the provided oxygen rate to 60%
oxygen for 2 hours at 48, 24, and 6 hours before intravenous administration of Cisplatin and
37 patients received only Cisplatin as a control group. Estimated glomerular filtration rate
(eGFR) calculated in all patients on day 1 before and on days 1, 3, 6, 30 after Cisplatin
exposures. Results: Patients treated with Cisplatin and 60% oxygen showed a mild improvement
in eGFR and mild reduction of serum creatinine after 30 days with statistically mild significant
differences (p¼ 0.048). Conclusion: This study showed that normobaric and intermittent
precondition of 60% oxygen prior to Cisplatin treatment had an acute transient adverse effect
on renal function; however, the improvement of renal function will be seen after 30 days. Thus,
it may help to prevent Cisplatin nephrotoxicity.
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Introduction

Cisplatin is a broad-spectrum anticancer agent that is widely

used for treatment of several human solid tumors. However,

its potential renal toxicity restricts the clinical use of it.1

Nephrotoxicity is the major adverse effect with irreversible

renal damage in about one-third of Cisplatin-treated patients.2

Despite numerous studies, the related mechanisms are not

completely understood.3,4 The kidney accumulates Cisplatin

to a greater amount compared with other organs and is the

major route for its excretion. The Cisplatin accumulates in

proximal tubule cells and its concentration is approximately

five times more than the serum concentration, which

contributes to Cisplatin-induced renal insufficiency.4

Reactive oxygen species (ROS) formation and depletion of

antioxidant enzymes are also involved in Cisplatin nephro-

pathy.5 Oxidative stress injury plays an important role in the

pathogenesis of Cisplatin-induced nephrotoxicity and mito-

chondrial dysfunction.3,4,6 Oxidative stress occurs when ROS

generation overrides metabolic capacity of the antioxidant

defense system, often resulting in tissue damage. Moreover,

ROS directly act on tubular cell components and destroy their

structure.4 Increased Cisplatin-mediated production of free

radicals by kidneys has been shown in whole experimental

models and also in cultured renal tubular cells after Cisplatin

administration.3 ROS and the rise in lipid peroxidation may

contribute to the pathogenesis of acute Cisplatin-induced

nephrotoxicity.7,8 However, it is still controversial whether

oxygen therapy plays a toxic role in renal injury. Exposure to

high concentrations of oxygen is known to induce injury to

cells, possibly due to an increased oxygen radical formation.9

On the other hand, some evidences suggest that exposure to

oxygen prior to Cisplatin therapy may reduce the Cisplatin-

induced nephrotoxicity in animal model.10,11 Hypoxia and

mitochondrial injury are also implicated in Cisplatin

nephrotoxicity.7

According to our literature review, there is no clinical

human study in terms of impact of oxygen therapy before

Cisplatin administration on kidney injury. This study exam-

ines whether preconditioning with normobaric hyperoxia

would prevent Cisplatin-induced nephrotoxicity in patients

with solid tumors.
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Materials and methods

Objective

The study was undertaken to determine the role of oxygen

therapy (OT) prior to chemotherapy as a protective agent

against Cisplatin nephrotoxicity.

Patients

Eighty adult patients with solid tumor who were supposed to

be treated with Cisplatin as a chemotherapy agent were

referred to Oncology unit of Baqiyatallah University of

Medical Sciences, Tehran, Iran, between February 2011 and

December 2011. The study was approved by local University

ethics committee, and informed consent was obtained from all

participants. The patients were randomly allocated into two

groups: Group I (case group) undergoing oxygen therapy

(n¼ 43) and Group II (control group) who did not receive OT

(n¼ 37).

Table 1 summarizes demographic data of the two groups.

Inclusion and exclusion criteria

Adult patients who were candidates for chemotherapy with

Cisplatin due to various malignancies were included. The

patients who had chronic obstructive lung disease, pneumo-

thorax, upper respiratory infection, fever, viral infection,

history of seizure, optic nerve inflammation, history of ear

surgery, and history of heavy cigarette smoking were excluded

from this study. None of female patients were pregnant. None

of the investigated individuals received other nephrotoxic

agents.

Treatment protocol

Forty-three patients were exposed to pure oxygen via non-

rebreathing reservoir mask which increased the provided

oxygen rate to 60% oxygen for 2 hours at 48, 24, and 6 hours

before intravenous administration of Cisplatin. Venous blood

samples were obtained from all patients for serum urea

nitrogen and creatinine (Cr) measurements on the day before

and the 1st, 3rd, 6th, and 30th day after Cisplatin exposures.

The renal function was also measured with the eGFR

calculated by the Cockcroft–Gault equation [GFR¼ (140-

age)� (Wt in kg)� (0.85 if female)/(72�Cr)].

The chemotherapy protocol was 75 mg/m2 Docetaxel

(trade name Taxotere) (first day), followed by 50 mg/m2

intravenous Cisplatin for second day. All patients received

350 mg/m2 5-Fluorouracil simultaneously with injection of

Taxotere for five days. Two to three liters of normal saline

were infused during Cisplatin administration days.

Statistical analysis

Statistical analysis was performed using the SPSS 17.0

program (SPSS Inc., Chicago, IL). Pre- and post-treatment

values in the same groups were compared with paired samples

Wilcoxon test. Pre- and post-treatment comparisons in

different groups were performed using the Mann–Whitney

U test and repeated measures ANOVA test.

The Fisher’s exact test was used to compare groups by

categorical variables. A value of p50.05 was considered

statistically significant.

Results

Eighty patients, 30 males and 50 females, were enrolled in the

study, most of them received chemotherapy because of

gastrointestinal cancers. The 43 patients allocated to oxygen

preconditioning and the 37 others who served as controls were

comparable regarding the base line characteristics except the

blood pressure which happened to be higher in control group

(Table 1).

No complications related to the oxygen therapy were

detected. Two patients in control group and seven patients

in case group experienced 25–30% reduction of eGFR in

different points of time after injection of Cisplatin. While

8 patients in control group and 12 patients in case group

showed an improvement in eGFR after 30 days (p¼ 0.517)

(Table 2).

Renal function comparisons in pre- and post-treatment

between both groups are summarized in Table 3.

Both groups had statistically significant within subjects

changes in BUN level, from the day before, through 1st,

3rd, 6th, and 30th day after Cisplatin exposure (p50.0001).

While changes for GFR and serum Cr through the same

time were not statistically significant (p¼ 0.43 and p¼ 0.35,

Table 1. Demographic characteristics of the patients receiving cisplatin
with and without exposure to hyperoxia.

Group I
(n¼ 43)

Group II
(n¼ 37)

Variable Frequency Frequency p Value

Gender
Male 10 20 0.36
Female 27 23

Type of cancer
Stomach 20 20 0.02
Esophagus 11 15
Ovarian 3 4
Metastatic 3 4

Mean� SD Mean� SD

Age 58� 3 57� 5 0.59
Baseline GFR

(mL/min)
58.9� 12.3 54.18� 10.7 0.84

Baseline serum Cr
(mg/dL)

0.99� 0.26 1.03� 0.22 0.41

Baseline BUN
(mg/dL)

17.04� 3.5 17� 5.15 1.0

Fasting Blood Sugar
(mg/dL)

110� 15 170� 48 0.05

BMI (kg/m2) 20.5� 0.7 22.7� 1.3 0.08
Systolic BP (mmHg) 103� 3 118� 4 0.008
Diastolic BP (mmHg) 68� 4 79� 3 0.039

Notes: GFR: glomerular filtration rate; Cr: creatinine; BUN: blood urea
nitrogen; BMI: body mass index.

Table 2. Incidence of cisplatin-induced nephrotoxicity in two groups.

Development of nephrotoxicity

No Yes Total p Value

Group I 36 7 43 0.118
Group II 35 2 37

GFR improvement
No Yes Total p Value

Group I 36 7 43 0.517
Group II 35 2 37
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respectively) within either groups. The comparison made

between the trends of eGFR (Figure 1), serum Cr, and BUN

changes in Group I with Group II revealed no statistically

significant difference (Table 4).

Discussion

In this prospective cohort study, we investigated the use of

intermittent normobaric hyperoxia preconditioning to prevent

nephropathy in patients with solid tumor treated with

Cisplatin. Despite the high prevalence of Cisplatin nephro-

toxicity reported in many studies,4 we observed just a few

cases of eGFR transient reduction in study sample.

The trend toward improved GFR after 30 days (53 mL/min

to 60 mL/min) is a clinically considerable finding though it

might be classified as mild change from statistical view.

To our knowledge, this is the first study that indicates this

effect of oxygen preconditioning against Cisplatin-induced

nephrotoxicity in human. However, Rasoulian et al. recently

showed that preconditioning with intermittent normobaric

hyperoxia improved rat renal function after Cisplatin admin-

istration.10 They also reported that preconditioning by oxygen

therapy notably decreased Cisplatin-induced renal catalase

activity and glutathione level. They recommended that

oxygen preconditioning may lead to a delayed protective

impact on Cisplatin-induced nephrotoxicity, and that

enhanced renal catalase activity could be playing a role in

this protective effect of hyperoxia.10

In addition, hyperbaric oxygen (HBO) therapy is another

approach for preventing Cisplatin nephrotoxicity. Atasoyu

et al. observed that HBO therapy prior to Cisplatin admin-

istration could lead to prevention of experimental Cisplatin

nephrotoxicity.11

Pure oxygen at atmospheric pressure is safe if given

for less than 6 hours; 70% oxygen is probably safe for

24 hours;12 which makes it predictable that the 60% oxygen

exposure for 2 hours per day used in this study was associated

with no complications related to the oxygen therapy.

Importantly, it was revealed that the protective effects of

pure oxygen exposure on rat heart tissue can be seen with 80%

oxygen as well13 and this may be true for other tissues such

as kidney.14

Some studies suggest that intermittent and prolonged

normobaric hyperoxia induces brain ischemic tolerance.15,16

Bigdeli et al. showed the intermittent and prolonged

normobaric hyperoxia resulted in increase antioxidant

enzymes activities.15 It is known that normobaric hyperoxia

can lead to enhanced ROS generation. ROS may stimulate the

activation of antioxidant enzymes including superoxide

dismutase, glutathione peroxidase, catalase, and glutathione

reductase, which play an important role in the brain ischemic

tolerance.15

Although ROS production has several theoretical adverse

effects, HBO has been successfully used in experimental

models of ischemic reperfusion injury including myocardium,

skeletal muscle, small intestine, and the liver.17 Lipid

peroxidation occurs in the presence of ischemic reperfusion

injury due to the release of ROS. Despite HBO can lead to

ROS generation, reduction of lipid peroxidation occurs when

exposed to HBO.18 Rubinstein et al. demonstrated that acute

ischemic renal injury is associated with increased renal

oxidative stress and that HBO therapy preserves the renal

function by improving the antioxidant/oxidant balance in the

ischemic kidney.19 Han et al. showed that HBO precondi-

tioning decreased infarct size and improved heart function in

rat myocardial infarction.20 In addition, Yogaratnam et al.

demonstrated that HBO preconditioning before coronary

artery bypass graft surgery decreased myocardial damage,

intraoperative blood loss, ICU length of stay, and post-

operative complications.21

Table 3. Renal function comparisons in pre- and post-treatment between both groups.

Pre-treatment Post-treatment (after 30 days)

Group I Group II Group I Group II
Mean� SD Mean� SD p Value Mean� SD Mean� SD p Value

GFR, mL/min 58.9� 12.3 54.18� 10.7 0.9 59.8� 9.3 53.5� 8.9 0.048
Serum Cr, mg/dL 0.99� 0.26 1.03� 0.22 0.4 0.98� 0.2 1.14� 0.25 0.12
BUN, mg/dL 17.04� 3.5 17� 5.15 0.36 16.6� 3.3 17.8� 4.4 0.6

Figure 1. GFR trend.

Table 4. GFR changes trend; within and between subjects variations.

Group I Group II

Mean SD Mean SD p Value

Within subjects variation
Base GFR 58.96 12.37 54.18 10.71 0.439
Day1 GFR 53.90 9.94 53.69 6.99
Day3 GFR 56.16 10.20 54.73 6.65
Day6 GFR 56.58 10.64 53.00 7.08
Day30 GFR 59.88 9.35 53.50 8.90

Mean SD p Value

Within subjects variation
Group I 57.1 0.86 0.263
Group II 49.042 1.21
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Interestingly, in an experimental study, HBO therapy

results in an otoprotection effect against Cisplatin-induced

ototoxicity.22 In a series of 89 liver transplant patients, donor

hyperoxygenation before organ harvest, defined as a PaO2

value greater than 150 mmHg, was associated with good graft

outcome.23 It could be assumed that the hyperoxia precon-

ditioning of donor has reduced liver ischemic reperfusion

injury.

Limitations

A limitation of this study is that the numbers of patients and

controls are relatively small.

Thus, further studies in a larger sample are needed to

clarify whether this treatment is effective for prevention of

Cisplatin nephrotoxicity.

Conclusion

This study indicated that normobaric and intermittent pre-

condition with 60% oxygen prior to Cisplatin treatment is

associated with an acute transient adverse effect on renal

function, but an ultimate improvement by 30 days. Thus, the

intervention could be considered as an option while trying to

prevent Cisplatin nephrotoxicity.
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