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Abstract

Background: Our study analyzes the effect of magnesium supplementation on nephrotoxicity in patients receiving
cisplatin for head and neck cancer.

Methods: We retrospectively reviewed the medical records of patients with head and neck cancer who received
two doses of cisplatin (80 mg/m2) and 5-fluorouracil (800 mg/m2) 3 weeks apart from August 2008 to October 2012.
The regimen prior to 2011 (crystalloid-only) involved the administration of 1000 mL of lactated Ringer’s solution on the
day prior to cisplatin infusion and 2000 mL of continuous infusion of saline on the day of cisplatin infusion. The
regimen after 2011 (magnesium-supplemented) did not involve hydration on the day before cisplatin administration
but used 1000 mL of 0.9% saline with magnesium sulfate (20 mEq) administered for 3 hours before cisplatin infusion.

Results: Sixty-five patients were treated with the crystalloid-only regimen and 56 patients with the magnesium-
supplemented regimen. The mean creatinine clearance in the magnesium-supplemented group decreased by 4.9 mL/
kg/min, whereas that in the crystalloid-only group decreased by 15.0 mL/kg/min after two courses. In multivariate
analysis, only magnesium-supplemented hydration was an independent predictive factor for preventing cisplatin-
induced nephrotoxicity (odds ratio = 0.157, 95% confidence interval 0.030–0.670, P = 0.0124).

Conclusion: We demonstrated that an intravenous hydration regimen supplemented with magnesium prevented
cisplatin-induced nephrotoxicity in patients with head and neck cancer.
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Background
Cisplatin was first administered to a cancer patient in
1971, and it became available for general oncology prac-
tice in 1978, first in testicular cancer and then in ovarian
cancer [1]. Cisplatin also exerts a potent antineoplastic
effect against head and neck cancer and is still a fre-
quently used drug in this field. However, it has various
side effects, such as gastrointestinal toxicity, myelosup-
pression, ototoxicity and nephrotoxicity. The nephro-
toxic effect of cisplatin is, in particular, the most

important dose-limiting factor in chemotherapy.
Cisplatin-induced nephrotoxicity can be attributed to
the impairment of proximal as well as distal tubular fil-
tration and a severe progressive decrease in the glom-
erular filtration rate during treatment [2].
Hypomagnesemia was initially described in 1979 as an
electrolyte abnormality induced by cisplatin chemother-
apy [3]. Hypomagnesemia has been repeatedly confirmed
by several studies. Additionally, Vokes, et al. demon-
strated a high incidence of hypomagnesemia in cisplatin-
treated head and neck cancer patients and its relation to
the cumulative cisplatin dose [4]. A study using rats has
shown a substantial additive effect of magnesium-
depletion on renal toxicity induced by cisplatin.
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Therefore, attention must be paid to the aggravation of
nephrotoxicity by magnesium-loss during cisplatin treat-
ment especially in patients suffering from intense
gastro-intestinal side effects [5]. Several studies have re-
ported the prophylactic effect of magnesium supplemen-
tation on cisplatin-induced nephrotoxicity [6–8].
However, the study populations were relatively small and
included patients with a history of previous treatments,
surgery or chemotherapy.
To the best of our knowledge, there is no study has

demonstrated the protective effect of magnesium sup-
plementation against cisplatin-induced nephrotoxicity in
patients with head and neck cancer. Here, we aimed to
analyze the effect of magnesium supplementation on
nephrotoxicity in patients receiving cisplatin for head
and neck cancer.

Methods
We retrospectively reviewed the medical records of pa-
tients with head and neck cancer who received cisplatin
and 5-fluorouracil [5-FU] as an induction chemotherapy
at the Department of Head and Neck Surgery of Aichi
Cancer Center Hospital, Japan from August 2008 to Oc-
tober 2012. We selected patients who had no history of
treatment for malignant tumors including head and neck
cancer. The chemotherapy regimen consisted of 5-FU
[800 mg/m2 continuous infusion from day 1 to 5] and
cisplatin (80 mg/m2 on day 6) [9]. Chemotherapy was
administered for two cycles 3 weeks apart.
The crystalloid-only regimen included the administra-

tion of 1000 mL of lactated Ringer’s solution on the day
prior to the administration of cisplatin and 2000 mL of
continuous infusion of saline on the day of cisplatin in-
fusion. In April 2011, we changed the hydration regimen

at our institution. The magnesium-supplemented regi-
men did not use lactated Ringer’s solution on the day
before cisplatin, but instead it included 1000 mL of 0.9%
saline with magnesium sulfate (20 mEq) for 3 hours be-
fore the administration of cisplatin (Fig. 1). The dose of
magnesium sulfate was adopted from the cisplatin tem-
plate based on the recommendations of the National
Comprehensive Cancer Network. In both regimens, anti-
emetic agents (dexamethasone 8 mg, granisetron 1 mg)
and a diuretic (furosemide 20 mg) were given, and post
hydration was performed with two liters of Soldem 3A®
(Na 35 mEq/L, K 20 mEq/L, L-lactate 20 mEq/L, and
glucose 43.0 g/L) for 3 days after cisplatin infusion.
However, while some patients in the crystalloid-only
group were not given aprepitant, all patients in the
magnesium-supplemented group were.
Renal damage was evaluated based on the reduction in

creatinine clearance (Ccr) throughout the duration of
chemotherapy. Ccr was calculated using the Cockcroft
and Gault formula [10]. Nephrotoxicity was defined by a
20% reduction in Ccr after two courses of chemotherapy.
Toxicities were graded using the Common Terminology
Criteria for Adverse Events version 4.0.
Fisher’s exact test or Student’s t-test was used to com-

pare the characteristics of patients before treatment. Stu-
dent’s t-test was used to evaluate the differences in Ccr
reduction between the crystalloid-only regimen and the
magnesium-supplemented regimen. The contingency
table with patient characteristics and nephrotoxicity was
analyzed using Fisher’s exact test. Multivariate analyses
were performed using a multiple regression model to in-
vestigate the relationship between magnesium supple-
mentation and nephrotoxicity induced by cisplatin. The
results were presented as odds ratio with 95% confidence

Fig. 1 Change of hydration regimen in our study. In both regimens, dexamethasone (8 mg), granisetron (1 mg), and furosemide (20 mg) were
given before cisplatin (CDDP) infusion. Post hydration was performed for 3 days with two liters of Soldem 3A® (Na 35 mEq/L, K 20 mEq/L, L-lactae
20 mEq/L, glucose 43.0 g/L)
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intervals. P values < 0.05 were considered statistically
significant. Analyses were performed with using JMP® 11
(SAS Institute Inc., Cary, NC, USA).
The study design was approved by the Institutional

Ethics Committee and fulfilled the guidelines of the Dec-
laration of Helsinki regarding the ethical principles for
medical research.

Results
The characteristics of all patients are shown in Table 1.
There were 65 patients, 52 males and 13 females with a
median age of 62 years, in the crystalloid-only group and
56 patients, 50 males and six females with a median age
of 62 years, in the magnesium-supplemented group.
There were no significant differences between the two
groups regarding patient age, sex, performance status,
body surface area (BSA), or hematocrit values. The
magnesium-supplemented group had fewer cases with
cancer of the nasal cavity and paranasal sinuses and oral
cavity cancer and more cases of oropharyngeal cancer
than the crystalloid-only group. There were no signifi-
cant differences between the two groups in clinical pa-
rameters: serum levels of creatinine, albumin, and Ccr
before chemotherapy. Because aprepitant was approved
on October 16, 2009 in Japan, we only prescribed the
antiemetic to 22 of 65 patients in the crystalloid-only

group, but it was prescribed it to all patients in the
magnesium-supplemented group.
We noted significant differences in the change in Ccr

(ΔCcr) between the magnesium-supplemented and
crystalloid-only groups after treatment. The mean ΔCcr
after two courses of chemotherapy in the crystalloid-only
regimen was 15.0 mL/min (standard error (SE), 1.7), and
the mean ΔCcr in the magnesium-supplemented group
was 4.9 mL/min (SE, 1.4) (p < 0.0001). However, there was
an obvious difference in the two groups regarding the ad-
ministration of aprepitant, so we divided the crystalloid-
only group into two groups with and without aprepitant.
The incidence and severity of nausea and dehydration
were worse in the group without aprepitant than in the
group with aprepitant (Table 2). After one course of
chemotherapy, there was no significant difference in ΔCcr
between the magnesium-supplement group (4.4 mL/min)
and the crystalloid-only group with aprepitant (5.4 mL/
min). Renal damage in patients in the crystalloid-only
group without aprepitant was significantly more severe
than in patients given the magnesium-supplemented regi-
men (10.1 mL/min, p < 0. 0298). However, after two
courses of chemotherapy, patients in the magnesium-
supplemented regimen group had lower occurrence of
nephrotoxicity compared to patients in the crystalloid-
only group with and without aprepitant. (4.9 vs. 14.7 and
15.1 mL/min, respectively) (Fig. 2).

Table 1 Patient characteristics

Characteristics All (n = 121) Crystalloid -only
regimen (n = 65)

Magnesium –supplemented
regimen (n = 56)

P value

Age Median (range) 62 (28–78) 62 (28–77) 62 (42–78) 0.2943†

Sex Male 102 52 50 0.1616*

Female 19 13 6

BSA (m2) Median (range) 1.63 (1.27–2.00) 1.59 (1.33–1.96) 1.65 (1.27–2.00) 0.2542†

PS 0 / 1 / 2 67 / 46 / 8 38 / 22 / 5 29 / 24 / 3 0.5676*

Primary Site Nasal cavity and Paranasal sinuses 15 14 1 0.0001*

Oral cavity 4 4 0

Nasopharynx 1 0 1

Oropharynx 40 15 25

Hypopharynx 32 18 14

Laryynx 8 1 7

Cervical esophagus 13 7 6

Unknown 8 6 2

Creatine (mg/dL) Median (range) 0.71 (0.38–1.07) 0.69 (0.38–1.07) 0.73 (0.51–1.07) 0.1152†

Ccr (m L/min) Median (range) 89.1 (54.5–186.7) 79.1 (54.5–156.1) 89.1 (57.0–143.6) 0.1712†

Albumin (g/mL) Median (range) 4.1 (2.9–5.1) 4.1 (3.0–5.0) 4.2 (2.9–5.1) 0.1081†

Hematocrit (%) Median (range) 39.7 (26.6–50.8) 39.1 (26.6–50.8) 40.4 (31.3–48.6) 0.1001†

Aprepitant Administration 78 22 56 < 0.0001†

BSA body surface area, Ccr creatinine clearance
*Fisher’s exact test; †Student’s t-test
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We examined the relationship between nephrotoxicity
induced by chemotherapy and clinical characteristics and
parameters by univariate and multivariate analyses.
Nephrotoxicity was defined as a 20% reduction in Ccr
after chemotherapy. Nephrotoxicity was more strongly
correlated with Ccr before chemotherapy, administration
of aprepitant and regimen by univariate analysis (Table 3).

Multivariate analyses were performed based on the
results of univariate analysis. In multivariate analyses,
only the magnesium-supplemented regimen of hydra-
tion was an independent predictive factor for protec-
tion against nephrotoxicity induced by cisplatin (odds
ratio = 0.157, 95% confidence interval 0.030–0.670, P
= 0.0124) (Table 4).

Table 2 Toxicities occurring in patients treated with cisplatin and 5-FU

Magnesium -supplemented
regimen (n = 56)

Crystalloid-only regimen
with aprepitant (n = 22)

Crystalloid-only regimen
without aprepitant (n = 43)

P value*

Nausea

Grade 1–2 30 (53.6%) 7 (31.8%) 29 (67.4%) 0.010

Grade 3 2 (3.6%) 1 (2.3%) 5 (11.6%)

Vomitting

Grade 1–2 2 (3.6%) 2 (4.6%) 6 (14.0%) 0.175

Grade 3 0 (0%) 0 (0%) 0 (0%)

Dehydration

Grade 1–2 5 (8.9%) 2 (4.7%) 12 (27.9%) 0.017

Grade 3 6 (10.7%) 2 (4.7%) 9 (20.9%)

Toxicities were graded using the Common Terminology Criteria for Adverse Event version 4.0
*Chi-square test

Fig. 2 a Change in creatine clearance in the regimen groups after two courses (*p < 0.0001 Student’s t-test). b The crystalloid-only regimen group
was divided into with and without aprepitant groups. Change in creatine clearance in the magnesium-supplemented regimen group and crystalloid-only
group with and without aprepitant after one course (†p = 0.0298 Student’s t-test). c Change in creatine clearance in the three groups after two courses
(‡p < 0.0001, §p= 0.0026 Student’s t-test). ΔCcr, difference in creatine clearance between chemotherapy courses
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Discussion
The findings of this retrospective study showed that a
magnesium-supplemented regimen of hydration re-
duces nephrotoxicity induced by cisplatin in patients
with head and neck cancer. In univariate analysis, the
characteristics of patients such as age, sex, primary
tumor site and laboratory data were not associated
with renal damage but change in the hydration regi-
men and the use of aprepitant were protective against
renal dysfunction. To prevent intense gastro intestinal
side effects, it is currently recommended that patients
who receive cisplatin be given a three-drug combin-
ation of a 5-HT3 receptor antagonist, dexamethasone,
and a neurokinin 1 receptor antagonist, such as apre-
pitant [11]. Patients with head and neck cancer are
susceptible to dehydration, and chemotherapy-induced
nausea and vomiting can aggravate dehydration. In
Japan, aprepitant has been available since October 16,
2009. Administration of aprepitant prevented or re-
duced nausea and consequently mitigated dehydration.
The patients in the magnesium-supplemented group
benefited from the antiemetics more than those in
the crystalloid-only group. However, in multivariate
analysis, the magnesium-supplemented regimen was

an independent predictive factor for protection
against nephrotoxicity induced by cisplatin.
We hypothesize that supplementation with magne-

sium before cisplatin infusion protects against renal
damage. Renal damage due to cisplatin involves a
pathological change in the kidney that is characterized
by focal acute tubular necrosis, primarily in the distal
convoluted tubule [12]. This morphological change de-
creases tubular reabsorption, resulting in hypomagnes-
emia. It is unclear whether the depletion of serum
magnesium aggravates cisplatin-induced nephrotoxicity,
but previous studies have indicated some possibility of
this relationship. Organic cation transporter 2, which
regulates the uptake of cisplatin, is up-regulated under
hypomagnesemia, and the renal accumulation of cis-
platin is markedly increased [13, 14]. Several studies
have reported the nephroprotective effect of magnesium
supplementation during chemotherapy with cisplatin
[6–8]. Willox J. C, et al. reported that all patients re-
ceiving cisplatin for testicular cancer have depleted
serum levels of magnesium, indicating the protective ef-
fect of magnesium supplementation against cisplatin-
induced renal tubular damage by measuring urine N-
acetyl-β-D-glucosaminidase (NAG) [6] . We did not

Table 3 Characteristics of patients classified by nephrotoxicity caused by cisplatin

Characteristics Nephrotoxicity- Nephrotoxicity+ P value*

Age < 65 40 (42.6) 12 (44.4) 1.0000

≥ 65 54 (57.4) 15 (55.6)

Sex female 13 (13.8) 6 (22.2) 0.3671

male 81 (86.2) 21 (77.8)

Primary site Hypopharynx 23 (24.5) 9 (33.3) 0.4578

Others 71 (75.5) 18 (66.7)

Ccr < 120 mL/min 86 (79.3) 22 (20.4) 0.1619

≥ 120 mL/min 8 (61.2) 5 (38.4)

Albumin < 4 g/mL 32 (34.4) 12 (44.4) 0.3674

≥ 4 g/mL 62 (66) 15 (55.6)

Aprepitant – 25 (26.6) 18 (66.7) 0.0002

+ 69 (73.4) 9 (33.3)

Regimen Crystalloid-only 41 (43.6) 24 (88.9) < 0.0001

Magnesium-supplemented 53 (56.4) 3 (11.1)

Nephrotoxicity+ is defined as the 20% reduction in creatinine clearance after two courses
Ccr Creatinine clearance
*Fisher’s exact test

Table 4 Multivariate analysis of protective factors against nephrotoxicity induced by cisplatin

Protective factors OR 95% CI P value

Ccr (≥ 120/< 120 mL/min) 0.606 0.164–2.355 0.4567

Aprepitant (+/−) 0.525 0.161–1.563 0.2515

Regimen (magnesium-supplemented/crystalloid-only) 0.157 0.030–0.670 0.0124

Ccr Creatinine clearance, OR Odds ratio, CI Confidence interval. The multivariate analyses used a multiple regression model
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measure serum magnesium level or urine NAG, which
constitutes a limitation of this study. There was no
difference in the reduction in Ccr between the
magnesium-supplemented group and the crystalloid-
only group with aprepitant after one course. After
two courses of chemotherapy, however, Ccr signifi-
cantly decreased in the crystalloid-only group with
aprepitant compared to the magnesium-
supplemented group. This may be because a dys-
function in magnesium reabsorption after one course
promotes cisplatin-induced nephrotoxicity in the sec-
ond course so that the magnesium-supplemented
regimen results in significantly better outcomes after
the second course.
Several studies investigating the method of supple-

mentation of magnesium during cisplatin treatment
have recommended intravenous or oral supplementa-
tion or both [15]. Approximately 50% of the infused
magnesium is excreted in the urine. Plasma magne-
sium concentration inhibits magnesium reabsorption
in the loop of Henle [16]. When magnesium is intra-
venously administered, an abrupt but temporary ele-
vation in the plasma magnesium concentration
partially inhibits the stimulus for magnesium re-
absorption in the loop of Henle. Magnesium uptake
by the cells is slow, and therefore adequate replen-
ishment requires sustained correction of hypomag-
nesemia. Martin et al. assigned 41 patients into
groups with no magnesium supplementation, intra-
venous magnesium supplementation and oral supple-
mentation during four courses of 100 mg/m2
cisplatin treatment. The study showed that both
intravenous and oral magnesium supplementation
can be efficacious in the prevention of cisplatin-
induced hypomagnesemia. However, two patients
treated with oral magnesium developed mild gastro-
intestinal symptoms (emesis and diarrhea), probably
from the magnesium therapy. In contrast, none of
the patients with intravenous magnesium supplemen-
tation showed these symptoms [17]. Because the lo-
cation of tumors can make it difficult for patients
with head and neck cancer to take oral drugs, we
propose that magnesium should be administered
intravenously before cisplatin infusion.
In the crystalloid-only regimen, saline was administered

at a slower pace and more persistently during cisplatin
treatment than that in the magnesium-supplemented regi-
men in which one liter of saline was rapidly administered
within 3 hours before the infusion of cisplatin. Saline has
a high concentration of chloride ions that prevents the
substitution of water for chloride ions in cisplatin, thereby
reducing the formation of aquated species of cisplatin that
induce necrosis in tubule cells [18]. High volume hydra-
tion with saline before and after cisplatin injection is used

to lower the concentration and to shorten the period of
direct cisplatin exposure [19, 20].
There are several limitations in this study, such as its

retrospective design and the limited availability of some
clinical data. This study could not provide evidence for
the linear relationship between the grade of hypomag-
nesemia and increase in the risk of nephrotoxicity in-
duced by cisplatin. However, the population in this study
is larger than that in the previous studies, and it is valu-
able to know that none of the patients had a history of
anticancer treatment before chemotherapy.

Conclusions
In conclusion, we demonstrated that an intravenous
hydration regimen supplemented with magnesium has
inhibitory effect on nephrotoxicity induced by cisplatin
in patients with head and neck cancer.

Abbreviations
ΔCcr: Decrease in Ccr; 5-FU: 5-fluorouracil; BSA: Body surface area;
Ccr: Creatinine clearance; CDDP: Cisplatin; CI: Confidence interval; OR: Odds
ratio; SE: Standard error

Acknowledgements
This study was supported by a Health and Labour Sciences Research Grant
for Clinical Cancer Research (H21-Gannrinshou-Ippan-016 and H24-
Gannrinshou-Ippan-006) from the Ministry of Health, Labour and Welfare,
Japan.

Ethical approval and consent to participate
The study design was approved by the Institutional Ethic Committee and
fulfilled the guidelines of the Declaration of Helsinki regarding the Ethical
Principles for Medical Research.

Funding
This study was supported by a Health and Labour Sciences Research Grant
for Clinical Cancer Research (H24-Gannrinshou-Ippan-006) from the Ministry
of Health, Labour and Welfare, Japan.

Availability of data and materials
The dataset supporting the conclusions of this article is included within the
article.

Authors’ contributions
Study conception and design: YH. Acquisition of data: TO, NH, HH and HS.
Analysis and interpretation of data: TK. Drafting of manuscript: TK. Critical
revision: HH and YH. All authors read and approved the final manuscript.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Otolaryngology-Head and Neck Surgery, Nara Medical
University, Kashihara, Japan. 2Department of Oto-Rhino-Laryngology,
Toyohashi Municipal Hospi-tal, Toyohashi, Japan. 3Department of Head and
Neck Surgery, Aichi Cancer Center Hospital, 1-1 Kanokoden, Chikusaku,
Nagoya 464-8681, Japan. 4Department of Otorhinolaryngology, Head and
Neck Surgery, University of the Ryukyus, Nakazu, Japan.

Kimura et al. Journal of Otolaryngology - Head and Neck Surgery  (2018) 47:10 Page 6 of 7



Received: 4 February 2017 Accepted: 29 January 2018

References
1. Lebwohl D, Canetta R. Clinical development of platinum complexes in

cancer therapy: an historical perspective and an update. Eur J Cancer. 1998;
34(10):1522–34.

2. Daugaard G, Abildgaard U, Holstein-Rathlou NH, Bruunshuus I, Bucher D,
Leyssac PP. Renal tubular function in patients treated with high-dose
cisplatin. Clin Pharmacol Ther. 1988;44(2):164–72.

3. Schilsky RL, Anderson T. Hypomagnesemia and renal magnesium wasting in
patients receiving cisplatin. Ann Intern Med. 1979;90(6):929–31.

4. Vokes EE, Mick R, Vogelzang NJ, Geiser R, Douglas F. A randomised study
comparing intermittent to continuous administration of magnesium
aspartate hydrochloride in cisplatin-induced hypomagnesaemia. Br J Cancer.
1990;62(6):1015–7.

5. Lajer H, Kristensen M, Hansen HH, Nielsen S, Frokiaer J, Ostergaard LF,
Christensen S, Daugaard G, Jonassen TE. Magnesium depletion
enhances cisplatin-induced nephrotoxicity. Cancer Chemother
Pharmacol. 2005;56(5):535–42.

6. Willox JC, McAllister EJ, Sangster G, Kaye SB. Effects of magnesium
supplementation in testicular cancer patients receiving cis-platin: a
randomised trial. Br J Cancer. 1986;54(1):19–23.

7. Bodnar L, Wcislo G, Gasowska-Bodnar A, Synowiec A, Szarlej-Wcislo K,
Szczylik C. Renal protection with magnesium subcarbonate and magnesium
sulphate in patients with epithelial ovarian cancer after cisplatin and
paclitaxel chemotherapy: a randomised phase II study. Eur J Cancer. 2008;
44(17):2608–14.

8. Muraki K, Koyama R, Honma Y, Yagishita S, Shukuya T, Ohashi R, Takahashi F,
Kido K, Iwakami S, Sasaki S, et al. Hydration with magnesium and mannitol
without furosemide prevents the nephrotoxicity induced by cisplatin and
pemetrexed in patients with advanced non-small cell lung cancer. J Thorac
Dis. 2012;4(6):562–8.

9. Ijichi K, Adachi M, Hasegawa Y, Ogawa T, Nakamura H, Kudoh A, Yasui Y,
Murakami S, Ishizaki K. Pretreatment with 5-FU enhances cisplatin
cytotoxicity in head and neck squamous cell carcinoma cells. Cancer
Chemother Pharmacol. 2008;62(5):745–52.

10. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron. 1976;16(1):31–41.

11. Basch E, Prestrud AA, Hesketh PJ, Kris MG, Feyer PC, Somerfield MR, Chesney
M, Clark-Snow RA, Flaherty AM, Freundlich B, et al. Antiemetics: American
Society of Clinical Oncology clinical practice guideline update. J Clin Oncol.
2011;29(31):4189–98.

12. Gonzales-Vitale JC, Hayes DM, Cvitkovic E, Sternberg SS. The renal pathology
in clinical trials of cis-platinum (II) diamminedichloride. Cancer. 1977;39(4):
1362–71.

13. Inui KI, Masuda S, Saito H. Cellular and molecular aspects of drug transport
in the kidney. Kidney Int. 2000;58(3):944–58.

14. Yokoo K, Murakami R, Matsuzaki T, Yoshitome K, Hamada A, Saito H.
Enhanced renal accumulation of cisplatin via renal organic cation
transporter deteriorates acute kidney injury in hypomagnesemic rats. Clin
Exp Nephrol. 2009;13(6):578–84.

15. Lajer H, Daugaard G. Cisplatin and hypomagnesemia. Cancer Treat Rev.
1999;25(1):47–58.

16. al-Ghamdi SM, Cameron EC, Sutton RA. Magnesium deficiency:
pathophysiologic and clinical overview. Am J Kidney Dis. 1994;24(5):737–52.

17. Martin M, Diaz-Rubio E, Casado A, Lopez Vega JM, Sastre J, Almenarez J.
Intravenous and oral magnesium supplementations in the prophylaxis of
cisplatin-induced hypomagnesemia. Results of a controlled trial. Am J Clin
Oncol. 1992;15(4):348–51.

18. Daley-Yates PT, McBrien DC. A study of the protective effect of chloride salts
on cisplatin nephrotoxicity. Biochem Pharmacol. 1985;34(13):2363–9.

19. Faig J, Haughton M, Taylor RC, D’ Agostino RB Jr, Whelen MJ, Porosnicu
Rodriguez KA, Bonomi M, Murea M, Porosnicu M. Retrospective analysis of
Cisplatin nephrotoxicity in patients with head and neck cancer receiving
outpatient treatment with concurrent high-dose Cisplatin and radiotherapy.
Am J Clin Oncol. 2016; [Epub ahead of print]

20. Hanigan MH, Deng M, Zhang L, Taylor PT Jr, Lapus MG. Stress response
inhibits the nephrotoxicity of cisplatin. Am J Physiol Renal Physiol. 2005;
288(1):F125–32.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Kimura et al. Journal of Otolaryngology - Head and Neck Surgery  (2018) 47:10 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Ethical approval and consent to participate
	Funding
	Availability of data and materials
	Authors’ contributions
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

