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Abstract

Background: Head and neck cancer (HNC) are a collection of cancers that develop in the oral cavity, pharynx,
larynx, nasal cavity, paranasal sinuses, salivary glands, or head and neck lymph nodes. The purpose of this
investigation was to evaluate the potential advantages of magnesium (Mg) in cisplatininduced nephrotoxicity
prevention and to estimate the suitable dosage of Mg for patients had HNC.

Methods: This randomized, controlled, parallel, clinical study involved 100 patients had HNC, managed at Clinical
Oncology Department Tanta University Hospital, Tanta, Egypt. According to randomization, patients were divided
into 4 equal groups; group 1 (control group) received cisplatin, group 2 (8 Meq Mg) received cisplatin with hydration
8 Meq Mg, group 3 (16 Meq Mg) received cisplatin with hydration 16 Meq Mg and group 4 (24 Meq Mg) received
cisplatin with hydration 24 Meq Mg.

Results: Multivariable Cox proportional hazards regression was conducted for variables that showed a significant
association in univariable regression. Mg intake still showed better overall survival than group 1 after adjusting for
previous smoking effect, where the adjusted HR was 0.361 (95% CI: 0.166 to 0.785; p = 0.010. The risk was still
significantly higher among previous smokers compared to non-smokers, even after adjusting for the treatment effect
(HR: 2.759; 95% CI: 1.254 10 6.070; p = 0.012).

Conclusions: Mg can be used as a protective agent in cisplatin induced nephrotoxicity as it decreases blood urea
nitrogen, serum creatinine and increase eGFR compared to cisplatin alone regimen.
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INTRODUCTION

Head and neck cancers (HNC) are a collection of cancers that develop in the oral cavity, pharynx, larynx,
salivary glands, paranasal sinuses, nasal cavity, or head and neck lymph nodes '"). HNC is the 7th prevalent
malignancy globally, related to mortality rate of 300,000 deaths and approximately 600,000 cases reported
yearly, particularly in developing countries **. Head and neck squamous cell carcinoma (HNSCC), arises
from the mucosal lining epithelium of the upper aerodigestive tract, comprise over 90% of HNC . Upper
aerodigestive tract secondary tumor development in approximately 20% of oral SCC cases was reported
l6]

kidneys are the primary site of cisplatin accumulation and excretion. It is possible for non-toxic blood
levels to be toxic in the kidneys due to the fact that the drug's concentrations in the tubule epithelial cells
are 5 times greater than those in the blood. The efficacy of treatment may be jeopardized by the restricted
capacity to increase drug dosage due to dose-dependent renal toxicity '”. The proximal tubule is the
primary site of toxic effects, with the tubule epithelium cells on segment S-3 being particularly affected.
Glomeruli and distal tubules are implicated at a later stage. Patients typically recover from acute drug
toxicity, which is why chronic nephrotoxicity is uncommon. The majority of nephrotoxicity
complications are acute kidney injury (AKI) and hypomagnesemia .

Magnesium (Mg) is capable of protecting the kidneys from the toxicity of cisplatin. Renal organic cation
transporter 2 expression, which is up-regulated in hypomagnesemia and regulates the transport of
cisplatin into kidney cells leads to decrease cisplatin-induced nephrotoxicity risk . Hypomagnesemia
itself enhances cisplatin-induced nephrotoxicity in addition to the direct cytotoxic damage of cisplatin to
proximal tubular epithelial cells. From another perspective, as mentioned above, diarrhea, nausea, and
vomiting are frequently side effects of cisplatin treatment "%,

A prevalent clinical symptom of platinum-induced nephrotoxicity and renal Mg wasting is
hypomagnesemia. Post-sixth cycle of cisplatin treatment, hypomagnesemia prevalence has been estimated
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to as high as 100%. Disappointingly, the conventional approach of administering intravenous Mg and
oral Mg supplementation has failed to sustain Mg levels """, As demonstrated in a recent review of 229
patients had ovarian cancer, managed by carboplatin-based chemotherapy, hypomagnesemia was
correlated with a shorter survival time, regardless extent of tumor reductive surgery or cancer stage 2.
Renal tubular platinum accumulation, tubular injury and oxidative stress are all exacerbated by Mg
depletion, as evidenced by experimental models. Consequently, kidney function is diminished.
Furthermore, Mg supplementation was found to alleviate renal tubular injury in a mouse model of Mg
deficiency after both one and numerous doses of cisplatin "),

Examining Mg supplementation, studies with different cancer groups and varying Mg doses (typically 8
to 16 mEq) indicate that premedication regimens containing Mg generally reduce cisplatin-associated
renal damage compared to regimens without Mg. Despite the well-known renal protective effect of Mg
replacement prior to cisplatin treatment, there is still no clear consensus or guideline recommendation
on which patient group should receive Mg replacement and the ideal Mg dose owing to the scarcity of
well-designed studies. The optimal Mg amount for use in concurrent cisplatin with radiotherapy remains
unknown "', The preventive value of magnesium intake against cisplatin-induced nephrotoxicity in
individuals with HNC has not been established in any study.

The purpose of study was to examine Mg value in cisplatin-induced nephrotoxicity prevention in patients

had HNC to determine Mg dosage.

PATIENTS AND METHODS

This randomized, controlled, parallel, clinical study involved 100 patients with HNC with estimated
glomerular filtration rate (eGFR) lower than 59 ml/min/1.73m?2, Eastern cooperative oncology group
performance status (ECOGQG) higher than 2, managed at Clinical Oncology Department Tanta University
Hospital, Tanta, Egypt.

The patient or their relatives provided written informed consent. The investigation was conducted
following the approval of the Ethical Committee of Tanta University Hospitals (35629/8/22) and the
registration of clinicaltrials.gov (ID: NCT05586009).

Exclusion criteria were pregnant or lactating women, patients with severe co-morbidity conditions just as
cerebrovascular coma, ischemic heart diseases chronic renal diseases, with known hypersensitivity to any
of the used drugs, other nephrotoxic drugs as aminoglycosides, contrast media and NSAID drug, and
those with diabetes mellitus.

Randomizations

The sealed opaque envelope technique was employed to allocate participants to the treatment group, and
randomization was conducted in accordance with computer-generated random number tables. The
patients were categorized into 4 categories based on the randomization process:

e Group 1 (control group) (n=25): received cisplatin only.

Group 2 (8 Meq Mg) (n=25): received cisplatin with hydration 8 Meq Mg intravenous infusion.
Group 3 (16 Meq Mg) (n=25): received cisplatin with hydration 16 Meq Mg intravenous infusion.
Group 4 (24 Meq Mg) (n=25): received cisplatin with hydration 24 Meq Mg intravenous infusion.
Every patient underwent a thorough history taking, general examination, and laboratory investigation,
which included CBC, renal function testing (blood urea nitrogen (BUN), serum creatinine (sCr),
BUN/SrCr ratio, and eGFR), serum electrolytes (Mg (pre/post-cisplatin), potassium, sodium, calcium,
phosphate), liver function (ALT, AST, and alkaline phosphate), urinalysis, estimation of urinary
neutrophil gelatinase associated lipocalin (NGAL), urinary kidney injury molecule-1 (KIM-1), serum
malondialdehyde (MDA), and serum soluble Fasl preoperative and 5 days after last cisplatin dose. All
parameters were measured before treatment, after treatment and at 7 cycles.

Intervention and hydration protocol:

All patients received a standardized hydration regimen before and after cisplatin. Pre-hydration involved
administering 1000 mL of 0.9% saline solution for 2 hours before cisplatin infusion. Each group received
the designated Mg sulfate dose as an intravenous infusion mixed in 500 mL of 0.9% saline over 60
minutes before cisplatin administration. Additional electrolyte supplementation with potassium chloride
(20 mEq in 500 mL of 0.9% saline) was administered over 1 hour if serum potassium levels were low
(<3.5 mEq/L). Some of cases received antiemetic prophylaxis included 5-HT3 receptor antagonists
(ondansetron 8 mg IV or granisetron 1 mg IV), dexamethasone (8 mg IV), and neurokinin-1 receptor
antagonists (aprepitant 125 mg orally on day 1, followed by 80 mg on days 2 and 3).
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Cisplatin was administered at a dose of 40 mg/m? as a 2-hour IV infusion in 500 mL of 0.9% saline. To
minimize nephrotoxicity, mannitol (12.5 g IV push) and furosemide (20 mg IV) were given before
cisplatin to promote diuresis. Post-hydration included 2000 mL of 0.9% saline infused over 24 hours
after cisplatin. Additional hydration adjustments were made based on urine output and renal function
monitoring.

Sample collection and biomarker assessment:

Samples were collected at baseline, after each treatment cycle, and five days after last cisplatin dose. sCr
and eGFR were calculated using the Chronic Kidney Disease Epidemiology Collaboration formula to
evaluate renal function. Urinary Mg excretion was evaluated to determine renal Mg handling. The NGAL
Rapid ELISA Kit (Bioporto, Denmark) was employed to measure urinary NGAL using an enzyme-linked
immunosorbent assay (ELISA) technique.

Urinary KIM-1 was also assessed. Urine samples were collected at baseline, three months, and six months
post-treatment, centrifuged at 716-2683xg for approximately 20 minutes, and stored frozen at -80°C until
analysis using ELISA kits (Biont Human KIM-1 ELISA, SunRed Biotechnology, China). Serum MDA
was measured to assess oxidative stress.

Blood samples were collected before any diagnostic procedures or treatments, processed, and analyzed
using a spectrophotometric method (Spectrophotometer UV/Vis, Perkin Elmer, Lambda 25). Serum
soluble Fas ligand (sFasL)) concentration was measured at baseline and and five days after last cisplatin
dose. sFasL concentrations were quantified using a commercial Luminex screening assay on a Bio-Rad
Bio-Plex 200 system.

OS was quantified as days between the initial chemotherapy administration and mortality date and PFS
was from drug administration date to PD. Using the questionnaire developed by EORTC, QLQ-C30
version 3.0, and its module H&N35, QoL parameters were assessed ¢,

The QLQ-H&N35 is a questionnaire that is specifically designed to meet HNC patients’ needs. It
comprises 35 items that are designed to assess health-related quality of life. It includes 11 single items
(problems with teeth, sticky saliva, problems opening the mouth, dry mouth, cough, feeling ill, pain
killers, nutritional supplements, feeding tube, weight loss, and weight gain) and seven scales (pain,
swallowing, senses, speech, social contact, social eating and sexuality). Items 1 through 30 are evaluated
on a four-point Likert scale: 1 represents "not at all," 2 represents "a little," 3 represents "quite a bit," and
4 represents "very much." Items 31-35 employ a response format of 'yes' (2) and 'no' (1). As all of the scales
evaluate symptoms, scores that are higher are indicative of a reduced quality of life ",

Outcome measure:

The primary outcome included the degree of renal function preservation across the different Mg
supplementation groups. Nephrotoxicity was defined based on a < 20% in eGFR from baseline and the
incidence of AKI, classified according to Common Terminology Criteria for Adverse Events version 5.0
[10]

The secondary outcome included comparisons of electrolyte imbalances across groups, particularly
hypomagnesemia and hypokalemia, cisplatin-induced nausea and vomiting incidence and severity and

changes in NGAL, KIM-1, MDA, and sFasL levels across treatment cycles.

Statistical analysis:

Software SPSS v28 (IBM©O, Armonk, NY, USA) was utilized for statistical analysis. The data distribution
was checked for normality using the Shapiro-Wilks test and histograms. The quantitative parametric data
was analyzed using an ANOVA (F) test with a Tukey post hoc test, and the results were shown as the
mean and SD. For the purpose of comparing the same subjects across different conditions or time points,
repeated measures ANOVA tests were employed. The Chi-square test was employed to analyze qualitative
variables, and the results were presented as percentages and frequencies (%). A two-tailed P value less than
0.05 was used to determine statistical significance. The Kaplan-Meier curve demonstrated OS and
progression-free survival. To find out how one (univariate) or more (multiple) independent variables relate
to a dependent variable, utilize logistic regression for that.

RESULTS

An assessment of eligibility was conducted for 139 patients in this study. Twenty-four patients did not
satisfy the criteria, and fifteen patients declined to participate. Out of the remaining 100 patients, four
equal groups were randomly assigned (25 patients in each). All patients who were allocated were
statistically analysed and followed up. Figure 1
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Assessed for eligibility (n=139)

Excluded (n=39)

Y

*Patient refusal (n=15)

*Not meeting inclusion criteria (n=24)

Randomized (n=100)

Group 1 (control
group) (n=25):
received cisplatin only.

Group 2 (8 Meq Mg)
(n=25):
received cisplatin with
hydration with Mg 8 Meq
by i.v infusion.

v

Group 3 (16 Meq Mg)
(n=25):
received cisplatin with
hydration with Mg 16 Meq
by i.v infusion.

Follow-Up

Group 4 (24 Meq Mg) (n=25):
received cisplatin with
hydration with Mg 24 Meq by
i.v infusion.

25 patients were included
in the follow-up.

25 patients were included in
the follow-up.

|

25 patients were included
in the follow-up.

25 patients were included in the
follow-up.

|

The results were tabulated and
statistically analyzed (n= 25)
No excluded cases.

The results were tabulated and
statistically analyzed (n= 25)
No excluded cases.

The results were tabulated and
statistically analyzed (n= 25)
No excluded cases.

The results were tabulated and
statistically analyzed (n= 25)
No excluded cases.

Figure 1: CONSORT flowchart of the enrolled patients
The baseline characteristics, including age, sex, weight, height, BMI, BSA, residence, and ECOG
performance status, previous smoking and family history and regarding the anatomical site of HNC, the
cisplatin dose/cycle, total Cisplatin dose and the total fluid volume were indifferent among the studied

groups Table 1

Table 1: Baseline characteristics, anatomical site of head and neck cancer of the studied groups

Group 1 Group 3 | Group 4
Total (control (Cl;\/imgpM 2) (Mg 16 | (Mg 24 | P
(n=100) group) ( =g2 5) «d Meq) Meq) value
(n=25) n (n=25) (n=25)
Age (years) 53.8+9.4 55.96+9.7 | 53.04+9 ?ég 4 *1537+878 | 0.644
S Male | 62 (62%) 14(56%) | 17(68%) | 16(64%) [ 15(60%) |, o
x Female | 38 (38%) 11 (44%) | 8 (32%) 9 (36%) 10 (40%) ‘
Weight (Kg) 76.4+852 | 756+9.18 | 77.4+7.57 | 144+742|78+9.72 |0.427
Height (m) 1.7 £0.17 1.68 +0.05 | 1.67 +0.05 | 1.69 + 0.04 | 1.66 + 0.05 | 0.406
BMI (Kg/m?) 27.3 +3.49 2%29 *127.66:2.98 | 26.14 + 2.6 | 28.25+3.93 | 0.166
BSA (m?) 1.8+0.11 1.74+0.12 | 1.76+0.13 | 1.75+0.1 | 1.76+0.1 | 0.874
Resid Urban | 57 (57%) 16 (64%) [ 13(52%) | 15(60%) | 13(52%) | o,
eIaenee  MRural | 43 (43%) 9 (36%) 12 (48%) | 10 (40%) | 12 (48%) '
ECOG 0 60 (60%) 16 (64%) | 12 (48%) | 17(68%) | 15 (60%)
i‘:tfl":ma““ 1 4040%) | 90G6%) | 13G2%) | 8G2%) | 10@0%) | %
Previous smoking 30 (30%) 10 (40%) 8 (32%) 4 (16%) 8 (32%) 0.306
Family history 4 (16%) 2 (8%) 3 (12%) 2 (8%) 4 (16%) 0.716

Anatomical site of cancer
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Nasopharynx 21 21%) 6 (24%) 6 (24%) 3(12%) 6 (24%)
Larynx 29 (29%) 5 (20%) 10 (40%) 7 (28%) 7 (28%)
Oral cavity 23 (23%) 5 (20%) 4 (16%) 8 (32%) 6 (24%) 0.834
Paranasal sinuses 7 (7%) 2 (8%) 1 (4%) 3(12%) 1 (4%)
Hypopharynx 20 (20%) 7 (28%) 4 (16%) 4 (16%) 5 (20%)
Cisplatin dose
Cisplatin dose/cycle - 694+46 | 70.6+515 | 70.1+4.18 | 70.2 +4.18 | 0.768
Total Cisplatin dose - ;?62} * ;}2302i ‘z‘rgozgi ;glzg * 0.847
Total fluid volume (L) | -~ 393+0.05 [3.95+0.05 | 3.94+0.05| 3.94 +0.05 | 0.516

Data presents as mean = SD or frequency (%). BMI: body mass index, BSA: Body Surface Area, ECOG:
Eastern cooperative oncology group performance status. *: significant as P value < 0.05.
sCr at end cycle was significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to
control group. eGFR at the end cycle was significantly higher in group 3 (Mg 16 Meq) and group 4 (Mg
24 Meq) than groupl. There was no significant difference among the studied groups regarding the blood
urea nitrogen level at baseline, after the 1st cycle, and at the end cycle. Table 2

Table 2: Kidney function tests of the studied groups

(Gr(::tlf l 1 Group 2 ((;/lioup 12 Group 4 P
cOntro (Mg 8 Meq) & (Mg 24 Meq) Post hoc
group) (n=25) Meq) (n=25) value
(n=25) (n=25)
Serum creatinine (mg/dL)
At baseline 0.77 £ 0.11 0.75 £0.1 0.74 £ 0.1 0.73+0.11 0.588
After the 1) 5oy 011 [079:012 |078+0.1 | 0.77+0.11 0.788
cycle
P1=0.220
P2=0.029*
At the end cycle | 087 £0.15 | 0.82¢0.12 |0.79:0.11 |078+0.1 | 0.043* 1;::8’57139
P5=0.204
P6=0.892
Blood urea nitrogen (mg/dL)
At baseline 10.72+2.49 [ 19.8+2.58 [ 19.2+2.31 |20.24+2.55 |0.533 |-
‘;fctg the 1% 1102247 (196334 | 19965235 | 19.04+2.67 | 0.058 | -
At the end cycle | 21.44+2.29 | 19.8 +3.52 | 19.92+2.69 | 19.4+2.65 | 0.063
eGFR (ml/min/1.73m2)
. 95.52+ 98.08+
At baseline 94.04+13.26 18.26 14.82 96.56+14.82 | 0.821
After the 1% 030 19 ge 879 21600 1474 (91321275 | 0.210
cycle 18.39
P1=0.097
P2=0.002*
84.8 + . | P3=0.001*
At the end cycle | 77.6 + 11.23 18.22 87.9+ 10.71 | 89.6+ 11.93 0.011 P4=0.470
P5=0.280
P6=0.603

Data presents as mean = SD. eGFR: Estimated glomerular filtration rate. *: significant as P value < 0.05,
P1: P value between group I & II, P2: P value between group I and III, P3: P value between group I & IV,
P4: P value between group II & III, P5: P value between group Il & IV, P6: P value between group 111 &

Iv.

Urine NGAL/CR after the 1st cycle and at the end cycle was significantly lower in group 2 (Mg 8 Meq),
group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 1 (control group), was significantly
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lower in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) than group 2 (Mg 8 Meq) and was significantly
lower in Mg 24 Meq group than group 3 (Mg 16 Meq). Urine KIM /Cr after the 1st cycle and at the end
cycle was significantly lower in group 2 (Mg 8 Meq), group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq)
compared to group 1 (control group), was significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg
24 Meq) than group 2 (Mg 8 Meq) and was significantly lower in group 4 (Mg 24 Meq) compared to group
3 (Mg 16 Meq). Serum-soluble FasL after the 1st cycle and at the end cycle was significantly lower in group
2 (Mg 8 Meq), group 3 (Mg 2 mg) and group 4 (Mg 24 Meq) compared to group 1 (control group), was
significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 2 (Mg 8 Meq).
MDA after the 1st cycle was significantly lower in group 2 (Mg 8 Meq), group 3 (Mg 16 Meq) and group
4 (Mg 24 Meq) than control group, with no significant difference between the other groups and each
other’s. MDA at the end cycle was significantly lower in group 2 (Mg 8 Meq), group 3 (Mg 16 Meq) and
group 4 (Mg 24 Meq) compared to group 1 (control group), was significantly lower in group 3 (Mg 16
Meq) and group 4 (Mg 24 Meq) compared to group 2 (Mg 8 Meq). Table 2

Table 3: Kidney injury biomarkers of the studied groups

Group 1

(control Group 2 | Group 3 Mg | Group 4
) (Mg 8 Meq) | 16 Meq) (Mg 24 Meq) | P value | Post hoc
%’::";E) (n=25) (n=25) (n=25)

Urine NGAL/CR (ng/ml)

At . 3.08+0.82 |3.03+£088 |26x0.74 2.99 +0.89 0.162

baseline

After the P1=0.001*%, P2<0.001%,

1 cycle 10.94+5.15 | 7+2.53 6.22 +2.05 487 +£1.62 <0.001* | P3<0.001% P4=0.236
P5=0.001* P6=0.013*

At the end P1<0.001%, p2<0.001%,

evele 28.53+14.84 | 13.45+4.6 | 10+3.34 7.59 + 1.67 <0.001* | P3<0.001*, P4=0.004%,
P5<0.001%, P6=0.002*

Urine KIM /Cr (ng/mg)

At ) 1.75+£0.45 | 1.61+031 | 1.57+0.41 1.54 £ 0.38 0.247

baseline

After the P1<0.001%, P2<0.001%,

1 cycle 9.09+1.82 |623+148 |51=+1.14 3.62+1.01 <0.001* | P3<0.001*, P4=0.004*
P5<0.001* P6<0.001*

At the end P1<0.001%, p2<0.001%,

eycle 755+1.33 [494+092 |433+1.02 3.52 +0.85 <0.001* | P3<0.001*, P4=0.031%,
P5<0.001%, P6=0.004*

Serum soluble FasL (ng/mL

At . 743 +0.86 |7.46+1.02 |752+0091 7.86 £0.81 0.311

baseline

After the P1<0.001%, p2<0.001%,

1% eycle 13.66+ 2.39 | 10.24 £ 1.04 | 8.83 £ 0.93 8.96 £ 0.88 <0.001* | p3<0.001*, p4<0.001*
P5<0.001* P6=0.618

At the end P1<0.001%, p2<0.001%,

eyele 19.62+2.48 | 10.59 +1.28 | 9.18 + 1.07 8.84 +0.86 <0.001* | p3<0.001*, p4<0.001*
P5<0.001* P6=0.222

MDA (nmol/ mL)

At . 1191 +2.45 | 11.96+ 291 | 12.07+2.7 12.87 +2.63 | 0.546

baseline

Afcer  the P1<0.001%, P2<0.001%,

1 cycle 59.51+13.5 | 27.28 £4.53 | 26.71 £5.15 | 26.83 +3.97 | <0.001* | P3<0.001%, P4=0.681
P5=0.714 P6=0.924

Attheend | 126.23+ . | P1<0.001*, P2<0.001%,

eyele 10.79 36.68 +6.18 | 32.55+£5.11 | 29.59 +£5.59 | <0.001 P3<0.001%, P4=0.013*
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| P5<0.001* P6=0.057

Data presents as mean + SD. MDA: malondialdehyde. *: significant as P value < 0.05, P1: P value between
group [ & II, P2: P value between group I and 111, P3: P value between group I & IV, P4: P value between
group II & III, P5: P value between group I & IV, P6: P value between group 11T & 11V.

The OS probability at 24 months for the whole studied sample was 67% (95% CI: 58 to 78%). The
results revealed the presence of significant differences among the treatment groups (p = 0.036), as all the
Mg treatment groups had a significantly better OS than control group, while the differences between the
Mg groups were non-significant. This finding was also supported by the analysis comparing Mg intake to
the control group, as OS probability at 24 months was 76% (95% CI: 67 to 88%) in patients treated with
Mg compared to 38% only (95% CI: 21 to 68%) in the control group (p = 0.004). Previous smoking and
lower survival probability at 24 months had significant correlation compared to patients who never
smoked (OS [95% CIJ: 43 [25 to 74] versus 74 [64 to 86], p = 0.002). The analysis revealed a lack of
significant differences regarding the OS analysis according to age, sex, ECOG performance status, family
history, and the tumor’s anatomical site (all p-values >0.05).

Univariable Cox proportional hazards regression was conducted to assess factors contributing to overall
survival. The results showed a better prognosis with Mg intake (HR: 0.316; 95% CI: 0.147 to 0.679, p =
0.003), while previous smoking was associated with an inferior OS (HR: 3.181; 95% CI: 1.463 to 6.917;
p = 0.003). The univariable Cox regression analysis did not reveal any significant correlation between
overall survival and any of the other factors. Table 4, Figure 1

Table 4: Univariable analysis of overall survival according to patients’ characteristics

0OS % (95% CI) Log rank test Umvar.lable Cox PH
regression
Characteristic
At 24 Months p-value a gggdjculs)ted HR p-value a
Overall 67 (58 to 78) - — —
Groups — 0.036* — —
Control 38 (21 to 68) Pairwise comparisons: — —
Control vs. Mg 1g = 0.026* 0.311 (0.109 to .
Mg 1 61to9 0.029
&8 77(61 10 97) Control vs. Mg 2¢ = 0.038* 0.888)
Control vs. Mg 3¢ = 0.017* 0.336 (0.118 to .
Mg 2¢ 76 (59 10 97) Mg g vs. Mg 2g = 0.933 0.955) 0.041
Mg 1g vs. Mg 3g = 0.951 0.303 (0.106 to .
Mg 3¢ 76 (60 to 97) Mg 2g vs. Mg 3g = 0.876 0.864) 0.026
Mg intake — 0.004* — —
Control 38 (21 to 68) - —
Mg 76 (67 to 88) — 8‘2;8) (0.147 10l 03
Age group — 0.795
> 60 years 61 (42 to 88) — —
<60 years 69 (58 to 81) - (2)‘246}?;) (0366 toly 74
Sex — 0.122 — —
Male — — — —
Female 58 (43 o 79) - ;%2) (0831 1 139
Previous smoking |— 0.002* — —
No 74 (64 to 86) — — —
Yes 43 (25 to 74) - Z‘égf;) (1463 19}y 503+
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OS % (95% CI) Log rank test Umvat:lable Cox  PH
regression
Characteristic
Unadjusted HR|
At 24 Months p-value a (95% CI) p-value a
ECOG — 0.458 — —
performance status
0 64 (51 to 79) — — —
0.741 (0.339 to
1 72 (59 to 88) — 1.620) 0.453
Family history - 0.815 — —
Negative 68 (58 to 79) — — —

. 1.144 (0.344 to
Positive 63 (38 to 100) - 3.799) 0.826
Anatomical site — 0.915 — —
Nasopharynx 65 (46 to 92) — — —

0.829 (0.267 to
Larynx 72 (55 to 94) — 2.570) 0.745
. 0.879 (0.283 to
Oral cavity 71 (53 to 94) — 2.727) 0.824
. 0.875 (0.177 to
Paranasal sinuses | 71 (45 to 100) - 4.338) 0.870
1.358 (0.456 to
Hypopharynx 57 (37 to 87) — 4.042) 0.582
Site — 0.764 — —
Non-oral 66 (55 to 79) — — —
) 0.866 (0.349 to
Oral cavity 71 (53 to 94) — 2.146) 0.756

Data presents as mean + SD. Abbreviations: CI = Confidence Interval; HR = Hazard Ratio; PH:

Proportional hazards a*p<0.05.
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Figure 2: Kaplan-Meier curve for overall survival (OS) according to the treatment groups, Mg intake,
age groups, sex, previous smoking, ECOG performance status, family history, tumor site (oral versus
non-oral) and anatomical site of the tumor
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Multivariable Cox proportional hazards regression was conducted for variables that showed a significant
association in univariable regression. Mg intake still showed better overall survival compared to the
control group after adjusting for the effect of previous smoking, where the adjusted HR was 0.361 (95%
CI: 0.166 to 0.785; p = 0.010. The risk was still significantly higher among previous smokers compared
to non-smokers, even after adjusting for the treatment effect (HR: 2.759; 95% CI: 1.254 to 6.070; p =
0.012). Table 5

Table 5: Multivariable Cox proportional hazards regression for overall survival

Characteristi Multivariable Cox PH regression
aracteristie Adjusted HR (95% CI) p-value a
. Control -
Mg intake Mg 0.361 (0.166 t0 0.785) 0.010*
Previous smoking 2.759 (1.254 to 6.070) 0.012*

Abbreviations: CI = Confidence Interval; HR = Hazard Ratio; PH: Proportional hazard, a *p<0.05

DISCUSSION

HNC are a collection of malignancies that develop in the SC that line the mucosal surfaces of the oral
cavity, larynx and pharynx. Early detection of cancer considerably enhances the prognosis, as treatment
options as surgery, chemotherapy and radiation are customized to the cancer's stage and location P
Cisplatin remains a cornerstone chemotherapeutic agent for treating HNC. However, its medical value is
frequently compromised by nephrotoxicity, a dose-dependent adverse effect that is the consequence of
renal tubular cell injury. Cisplatin-induced AKI incidence is inconsistent, with studies reporting rates that
range from 1% to 46%. This variability is influenced by patient-specific factors and dosing regimens "%,
Prophylactic Mg supplementation has emerged as a potential strategy to mitigate cisplatin-induced
nephrotoxicity. Mg is thought to protect renal tubular cells by stabilizing cell membranes and reducing
oxidative stress. It is suggested that intravenous Mg administration before cisplatin therapy may lower the
risk of AKI, although standardized protocols regarding dosage and timing are yet to be established """,
The baseline characteristics, including age, sex, weight, height, BMI, BSA, residence, and ECOG
performance status, previous smoking and family history and regarding the anatomical site of HNC, the
cisplatin dose/cycle, total Cisplatin dose and the total fluid volume were indifferent.

Suppadungsuk et al., "’
response rate were consistent between the two groups, as were baseline characteristics. Regarding Kidney
function tests, sCr at the end cycle was significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg 24
Meq) compared to group 1 (control group).

In the same line with us, Danwilai et al., ™" in their meta-analysis illustrated Mg supplemented group had
significantly reduced sCr changes and clearance than those in the controls at all cycles. They indicated

randomized controlled trial found that survival rate and overall cisplatin tumor

that occurrence of severe cisplatin - induced nephrotoxicity in the first cycle and all other cycles of
cisplatin-based chemotherapy reduced by Mg supplementation. And concluded that Mg supplementation
has an inhibitory impact against cisplatin-induced nephrotoxicity, particularly severe nephrotoxicity. Mg
supplementation may be evaluated by oncologists for patients who are receiving cisplatin treatment. Also,
Saito et al., " investigated premedication with intravenous magnesium value in CIN prevention and
relationship between its nephroprotective effect and serum Mg levels. Variation in sCr clearance found
significantly reduced in the non-Mg group than Mg premedication group from start.
Platinum-containing medications (cisplatin, carboplatin, and oxaliplatin) have been utilized for the
treatment of different solid cancers, including cervical cancer, lung cancer, HNC for a long time. This
has resulted in hypomagnesemia that is secondary to chemotherapy. Hypomagnesemia is the most
prevalent side effect of cisplatin, which results in a dose-dependent condition that impacts up to 90% of
patients in the absence of preventive measures. Concurrent administration of histamine H2 antagonists
or proton pump inhibitors (PPIs) has been recently implicated in the enhancement of the severity and
frequency of cetuximab and panitumumab-induced hypomagnesemia. The onset of hypomagnesemia
induced by anti-EGFR monoclonal antibodies is further affected by combined platinum treatment and
prolonged exposure .

Various protective approaches can be summarized as pre-treatment hydration, potassium and Mg
replacement, and forced diuresis with mannitol, particularly in patients receiving high doses of cisplatin
(> 100 mg/m?). Specifically examining Mg supplementation, studies with different cancer groups and
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varying Mg doses (typically 8 to 16 mEq) indicate that premedication regimens containing Mg generally
reduce cisplatin-associated renal damage compared to regimens without Mg '#*.

On contrary, Suppadungsuk et al., " aimed to determine whether preloading with Mg can prevent
nephrotoxicity with a low-dose weekly cisplatin regimen and found that control group had a lower SCr.
BUN was insignificantly different among groups at baseline, initial cycle and final cycle. eGFR at the end
cycle was significantly higher in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 1
(control group).

Similarly, Saito et al., *" validated our data and demonstrated that CIN did not occur in any patients who
received Mg premedication. However, it did occur in 5 of 29 patients during the first cycle and in 6
patients during all subsequent cycles in patients who did not receive Mg premedication. The univariate
analysis indicated that Mg premedication significantly decreased CIN.

Effect on renal function was in agreement with Crona et al., “* indicated that Mg intake was nephron-
protective, and enforced diuresis was useful for certain patients taking cisplatin. Regarding kidney injury
biomarkers, Urine NGAL/CR after the initial cycle and final cycle was significantly lower in group 2 (Mg
8 Meq), group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 1 (control group), was
significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 2 (Mg 8 Meq)
and was significantly lower in group 4 (Mg 24 Meq) than group 3 (Mg 16 Meq). Urine KIM /Cr after the
initial cycle and final cycle was significantly lower in group 2 (Mg 8 Meq), group 3 (Mg 16 Meq) and group
4 (Mg 24 Meq) compared to group 1 (control group), was significantly lower in group 3 (Mg 16 Meq) and
group 4 (Mg 24 Meq) compared to group 2 (Mg 8 Meq) and was significantly lower in group 4 (Mg 24
Meq) than group 3 (Mg 16 Meq).

Similarly, Peres et al., ' study noted that there was increased urine NGAL after each cycle of cisplatin.
In contrast to non- AKI patients, the presence of AKI was associated with a rise in sCr, NGAL, C-reactive
protein, and a decrease in GFR. NGAL levels increased in comparison to levels prior to cisplatin.

The current findings also were supported by Shinke et al., *® who concluded that in lung cancer patients,
urinary KIM-1 and MCP-1 may serve as biomarkers of cisplatin-induced AKI, either individually or in
combination.

In alignment with previous data reading NGAL and KIM-1 a previous study by Latoch et al., " shown
that a moderate correlation was found between NGAL/cr. and cisplatin cumulative dose. The NGAL/cr.
ratio was only influenced by the cumulative dose of cisplatin as an independent factor in the multivariable
model. Results indicated that urine KIM-1 and NGAL levels had increased for many years following solid
tumors therapy at childhood. This increase was positively correlated with cisplatin cumulative dose.
Serum-soluble FasL after initial cycle and final cycle was significantly lower in group 2 (Mg 8 Meq), group
3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 1 (control group), was significantly lower in
group 3 (Mg 16 Meq) and group 4 Mg 24 Meq) compared to group 2 (Mg 8 Meq). MDA after the 1st
cycle was significantly lower in group 2 (Mg 8 Meq), group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq)
compared to group 1 (control group). MDA at the end cycle was significantly lower in group 2 (Mg 8
Meq), group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 1 (control group), was
significantly lower in group 3 (Mg 16 Meq) and group 4 (Mg 24 Meq) compared to group 2 (Mg 8 Meq).
In agreement with our findings, Kidera et al., * found IV Mg intake reduced risk, but our results did not
show significant difference. Controls results in our study were explained by Holditch et al.,
that molecular pathophysiology of cisplatin-induced AKI is of paramount importance in the
establishment of effective tumor interventions with reduced nephrotoxicity.

Kumar et al., ® observed that the cytotoxicity induced by cisplatin was increased when Mg deficiency or
uptake inhibition found, whereas Mg supplementation provided protection against cytotoxicity.
However, the in vitro destruction of CT26 tumor cells by cisplatin was not impeded by Mg deficiency or
inhibition of Mg uptake.

The serum concentrations of magnesium may be significantly impacted by the sequential and/or
concurrent use of drug combinations such as cetuximab and cisplatin. Hypomagnesemia was observed
in up to 90% of patients who were administered cisplatin ®". In 5% of individuals with HNC, treatment
with cetuximab led to grade 3/4 hypomagnesaemia P. Nausea, vomiting, appetite loss and fatigue are the
initial symptoms of hypomagnesemia. Conversely, neuromuscular excitability (tremor, muscle
contractions, tingling, cramps, and seizures), cardiac effects (hypertension, prolonged QT interval,
cardiomyopathy, life-threatening cardiac arrhythmias), and behavioral changes (depression, confusion,
psychosis) are the symptoms of severe Mg deficiency ?. Additionally, the modulation of calcium and
potassium is closely linked to the concentration of magnesium in the serum. Therefore, cisplatin can also
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result in hypocalcemia, hypokalemia, hypophosphatemia, and hyponatremia, in addition to
hypomagnesemia .

In the current study, the OS probability at 24 months for the whole studied sample was 67% (95% CI:
58 to 78%). The results revealed the presence of significant differences among the treatment groups (p =
0.036), as all the Mg treatment groups had a significantly better OS than group 1 and differences of Mg
groups was insignificant. Univariable Cox proportional hazards regression showed a better prognosis with
Mg intake (HR: 0.316; 95% CI: 0.147 to 0.679, p = 0.003). Multivariable Cox proportional hazards
regression revealed that Mg intake still showed better overall survival compared to the control group after
adjusting for the effect of previous smoking, where the adjusted HR was 0.361 (95% CI: 0.166 to 0.785;
p =0.010.

In agreement with the current findings, Liu et al., "* revealed correlation between hypomagnesemia and
survival in patients with HNC who received concurrent chemoradiation with weekly infusions of cisplatin
and/or carboplatin. They concluded that hypomagnesemia occurrence was a significant predictor of a
shorter OS in patients with HNC and managed by chemoradiation with carboplatin or cisplatin. A
reduced survival was discovered to be associated with more severe hypomagnesemia. Improving their
approach to the prevention, detection, and treatment of hypomagnesemia is essential. Clinical outcomes
may be enhanced by the prevention and hypomagnesemia mitigation, which may be an essential
component of platinum-based regimens.

The study limitations were that we included small sample size from only one center and lack of assessing
more parameters such as such as potential risk factors for cisplatin-induced nephrotoxicity.

[16]

CONCLUSIONS

From our study results, Mg can be used as a protective agent in cisplatin induced nephrotoxicity as it
decreases sCr, BUN, and increase eGFR compared to cisplatin alone regimen. It also lowers kidney injury
biomarkers including Urine KIM-1/Cr and urine NGAL, sFasL, urinary Malondialdehyde in regimen
including Mg at different doses compared to cisplatin alone regimen.

Therefore, in cases of cisplatin-induced nephrotoxicity, we suggest magnesium use as a protective agent
and we recommend utilizing the same study methodology on further studies larger sample size and
multiple centers.
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AKI Acute kidney injury

ALT Alanine aminotransferase

AST Aspartate aminotransferase

BMI Body mass index

BSA Body surface area

BUN Blood urea nitrogen

ECOG Eastern cooperative oncology group performance status
eGFR Estimated glomerular filtration rate
ELISA Enzyme-linked immunosorbent assay
HNC Head and neck cancers

MDA Malondialdehyde

Mg Magnesium

NGAL Neutrophil gelatinase associated lipocalin
OCT2 Organic cation transporter 2

sCr Serum creatinine

sFasL Serum soluble Fas ligand
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