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Abstract

Background: Cisplatin is a cytostatic agent used as treatments in head and neck cancer patients.
Nephrotoxicity is one of cisplatin major side effects. This study aimed to evaluate the renoprotective
effect of mannitol-hydration administration in head and neck cancer patients who receive cisplatin
chemotherapy. Methods: This was a cohort observational study to analyze the renal function of head and
neck cancer patients who receives cisplatin before and after mannitol-hydration administration in IRNA
Surgery and Soekardja Room of Chemotherapy at RSUD Dr. Soetomo Surabaya during June — September
2018. The data obtained were BUN, SCr, and eCICr Cockroft-Gault of each cycle. Result: A total of 52
patients were evaluated. The average value of creatinine serum, creatinine clearance, and BUN at each cycle
were fluctuate. However, the average value of creatinine serum and BUN were within the normal limit.
The result of statistical analysis using paired t-test in those parameters at each cycle were not statistically
significant (p > 0,05) after mannitol administration except during first cycle to second cycle the SCr increased
significantly and eCICr was decreased significantly (p-value 0,024; 0,006, CI 95% respectively ). At fourth
cycle the eCICr also decreased significantly (p value 0,008, CI1 95%). Conclusion: The renoprotective effect
of mannitol in head and neck cancer patients who receive cisplatin chemotherapy is sufficiently adequate
which can maintain the value of BUN and creatinine serum of patients at each cycle within the normal limit.
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Introduction

In 2018, the prevalence of head and neck cancer
around the world was ranked at seventh of most
common cancer with new cases more than 850,000 and
deaths around 450,000!. Management therapy of head
and neck cancer based on NCCN Guideline can be
surgery, radiotherapy, and/or chemotherapy. Cisplatin
is the preferred chemotherapy agent which can be used
along with radiation as a chemoradiotherapy regimen
usually given in high dose (100 mg/m2 every 21 days
for three cycles)>. Nephrotoxicity is the renowned

major side effect (around 28-36%) in the form of

both acute or chronic renal insufficiency which also
becomes major consideration in giving cisplatin therapy.
Cisplatin is mainly eliminated through kidneys (> 90%)
approximately 25% is excreted in urine within the first
24 hours after administration 3. Patients treated with
cisplatin about 20% - 30% will experience nephrotoxicity

after 10 days administration®’.

A study by Arunkumar et al® evaluated the renal
injury in several patients at stage IIA to stage IVA
with various types of cancer who received a 40-50 mg/
m?2 cisplatin regimen and reported the incident of renal

injury in patients like hypomagnesemia, hypokalemia,
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hypocalcemia, hypophosphatemia, increased of BUN
and creatinine serum. Kidera et al’ also assessed the
effect of cisplatin on renal who received cisplatin with
doses > 60 mg/m2 for the first time and this study
reported that 32% of patients experience nephrotoxicity
which characterized by increase value of creatinine
serum. Cisplatin nephrotoxicity is dose-dependent
toxicity, it’s maybe prevented by hydration and
other supplementation strategies like magnesium and
mannitol. Mannitol as an osmotic diuretic agent has
been widely used for renal protection because it can
reduce the contact time between fluid and the tubular
epithelium, this way is believed to protect against renal

injury by accelerating the removal of renal toxin!®!!,

A study by Morgan et al, reported the outcomes
in patients who receive mannitol improved and a 2.6
increased probability of developing acute kidney injury
among adults who did not receive mannitol'>. Another
study by McKibbin et al, in head and neck cancer
patients who are using cisplatin 100 mg/m2 showed
that the addition of mannitol decreased the incidence
of grade 3 acute kidney injury compared to saline only
group'®. Williams et al'* also assessed the impact of
mannitol administration, patients who acquired mannitol
administration has lower average increase of creatinine
serum (mg/dl) and experienced less frequent grade 2 or
higher nephrotoxicity compared with patients who did
not acquire it. Meanwhile, study by Beeler et al reported
that the addition of mannitol to saline pre-hydration in
patients who receive cisplatin therapy did not change the
outcome of renal function decline measured by BUN/
Cr ratio, GFR, creatinine, and BUN and the decline of
renal function is limited to grade 1 and most patients

recover!?.

Based on the description above, we undertook a
study to evaluate the renoprotective effect of mannitol
20% 500 ml administration with saline hydration in
head and neck cancer patients who receive cisplatin
chemotherapy by observing the renal function (seen

from laboratory data BUN and creatinine serum value).

Material and Methods

This was a cohort observational study that evaluated
the renal function of head and neck cancer patients
before and after cisplatin combination chemotherapy
administration. The patients were given the combination
of mannitol (20% 500 ml) and saline hydration one time
after cisplatin combination chemotherapy at each cycle.
Laboratory examination according procedure established
by RSUD DR. Soetomo including BUN, creatinine
serum and estimated creatinine clearance with Cockroft-
Gault formula were carried out before patients received
cisplatin combination chemotherapy as the baseline data
(pre-data). The change of renal function was observed at

the start of the next cycle of chemotherapy.

The study subject were patients diagnosed with head
and neck cancer who received cisplatin combination
chemotherapy in IRNA Surgery and Soekardja Room
of Chemotherapy at RSUD Dr. Soetomo Surabaya
during June — September 2018. Patients were included
if they aged between 21 years old up to 80 years old
and had normal function of liver, heart, kidney and
lungs. Another important inclusion criteria was patients
voluntarily to be involved in this study by signing the
informed consent. Meanwhile, patients were excluded in
this study if they were allergic to cisplatin and received
another therapy that can also induced nephrotoxicity

such as aminoglycoside, cyclophosphamide, and others.

The normality of the data distributions was assessed
using the One Sample Kolmogorov-Smirnov test before
analysis. Comparison of the patient renal function
before and after mannitol-hydration administration
was performed using the paired t-test if the data were
normally distributed and Wilcoxon signed-rank test
if the data were not. The differences of renal function
between patients with cisplatin-5FU regimentation and
cisplatin-paclitaxel regimentation were also evaluated
using independent t-test if the data were normally
distributed or Mann-Whitney test if the data were not.
P-values < 0.05 were considered statistically significant.
The obtained data were recorded in a special form and

then processed through SPSS version 24.0 for Windows
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with confidence interval 95%.

Result and Discussion

Patients characteristic

A total of 52 patients were included in this
study between June - September 2018 with sample
characteristics shown in Table 1. The percentage of male
patients (67 %) was higher than female patients (37%).
Head and neck cancer is more common and affected
significantly in males rather than females with a ratio 2:1
to 4:1516, In this study, the patient’s mean age range is
between 41-64 years (mean 51,92 years), several studies
reported that patients with age > 50 years had a higher
incidence of cisplatin-related nephrotoxicity'”!®. Most
of the patients suffering from nasopharyngeal cancer
(33%) and then followed by squamous cell carcinoma
(23%) and tongue cancer (18%). Nasopharyngeal cancer

is the most common site type of head and neck cancer.

All patients in this study receive chemotherapy

minimally for three cycles and up to six cycles for
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several patients with chemotherapy regimentation were
combination of cisplatin-5fluorouracil in 42 patients and
combination of cisplatin-paclitaxel in 10 patients. Both
of them are included as recommended regimens or first-
line systemic therapy for advanced head and neck cancer

1'° showed

patients’>. However, a study by Gibson et a
that there were no statistically significant difference of
overall survival or response rate and toxicity between
cisplatin-SFU regimentation compared with cisplatin-

paclitaxel in head and neck cancer patients.

The dose of cisplatin received by the patient
varies from 35 mg/m2 up to 100 mg/m2 and the most
frequently used was 100 mg/m2. A study by Kidera
et al and Prasaja et al showed that cisplatin-induced
nephrotoxicity occurred in patients who received doses
> 60 mg/m2 in around 32% and 34,1% respectively®!’.
Therefore, the dose of cisplatin is one of risk factors that
affect cisplatin nephrotoxicity. Hydration frequency in
cisplatin-5 fluoruracil regimen was 166 times and in
cisplatin-paclitaxel regimen was 47 times, so hydration

frequency in this study overall was 213 times.

Table 1: The characteristics of sample

Characteristic of Sample Total Patients (n = 52) Percentage (%)
Gender
Males 33 63
Females 19 37
Age (years)
21-40 10 19
41-60 28 54
61-80 14 27
Mean 51,92+ 11,32 (41 — 64)

Types of Head and Neck Cancer

Nasopharyngeal cancer 17 33

Squamous cell carcinoma 12 23

Tongue Cancer 9 18

Group of Other Types of Head and Neck Cancer 7 14
Maxilla Cancer 4

Mandibula Cancer 2 4
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Cont... Table 1: The characteristics of sample

The Number of Patients in Every Cycles

First cycle — Third cycle 52 100
Fourth cycle 26 50
Fifth cycle 21 41
Sixth cycle 10 19
Chemotheraphy Regimentation (patients)
Cisplatin - SFU 42 81
Cisplatin — Paclitaxel 10 19

Cisplatin Dosage (mg/m2)
Note = 1 patient might experience change in dosage so can receive more than one kind of dose

30-50 11 17
>50-70 5 8
>70-90 18 27

>90-100 32 48
Hydration Frequency

Frequency 3x 26 50

Frequency 4x 5 10

Frequency 5x 11 21

Frequency 6x 10 19

Change in SCr, eCICr, and BUN in patients during cisplatin combination chemotherapy

The change of creatinine serum, creatinine clearance,
and BUN value in all patients on each chemotherapy
cycle were shown in figure 1 until figure 3 respectively.
The average value of those three parameters were
fluctuating. Based on analysis using independent t-test,
there were no statistically significance difference on
patient renal function (SCr p-value 0,223; eGFR p-value
0,418; and BUN p-value 0,677, CI 95 %) between

cisplatin-5 fluorouracil group and cisplatin-paclitaxel

group.

Several previous studies evaluated the effect of
mannitol on cisplatin-related nephrotoxicity. Three
studies by Morgan et al, McKibbin et al, and Williams
et al revealed that mannitol administration with cisplatin
concomitantly has a significant protective effect that
allows patients to receive cisplatin therapy with low
risk of nephrotoxicity!?>~'4. Even though in this study
patients had already received saline-mannitol 20% 500
ml hydration combination one time after each cycle, the
average value of patient renal function like SCr, eCICr,
and BUN were fluctuating. However, the average value
of creatinine serum and BUN were within the normal

limit.
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Figure 1: The average creatinine serum (SCr) value of patients from 1% to 6 cycles
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Figure 2: The average creatinine clearance (CICr) value of patients from 1% to 6 cycles
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Figure 3: The average BUN value of patients from 1% to 6™ cycles
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Table 2: Satistical analysis result of renal function in all 52 patients who receive cisplatin combination

chemotherapy
Creatinine Serum (mg/dl) Creatinin Clearance (ml/min) BUN (mg/dl)
Variable
Total Mean £ SD Mean £ SD Mean + SD
Patients
(n) p-value p-value p-value
Pre Post Pre Post Pre Post Pre Pre
0,89 + 1,01 + 77,80 + 69,06 + 10,52 + 10,87 +
Cycle I Cycle 1T 52 0.26 0.40 0,024 3141 2735 0,006 387 505 0,964
1,01 + 0,99 + 69,06 + 67,42 + 10,87 + 11,35+
Cycle 1T Cycle IIT 52 0.40 0.29 0,745 2735 22.19 0,550 5.5 403 0,335
0,98 + 0,95 + 69,31 + 72,26 + 11,20 + 11,74 +
Cycle IIT Cycle IV 26 0.29 0.25 0,660 2041 22.84 0,450 3.55 3.56 0,449
0,94 + 1,05+ 73,18 63,83 + 11.92 + 12,19+
Cycle IV Cycle V 21 0.26 0.29 0,082 2435 22.56 0,008 3.49 406 0,707
0,97 + 1,02 + 73,74 + 71,33 + 12,00 + 10,60 +
Cycle V Cycle VI 10 0.12 0.22 0,253 23.68 2181 0,368 2.45 2.80 0,177

Table 3: Statistical analysis result of renal function patients who receive combination cisplatin-5fluorouracyl

regimen
Creatinine Serum (mg/dl) Creatinin Clearance (ml/min) BUN (mg/dl)
Variable
Total
Patients (n) Mean + SD Mean £+ SD Mean £+ SD
p-value p-value p-value
Pre Post Pre Post Pre Post Pre Pre
0,85+ 1,01 + 80,58 + 68,84 £ 10,19 + 11,26 +
Cycle I Cycle II 42 0.23 0.42 0,008 31.92 2378 0,001 3.60 567 0,358
1,01 + 0,98 + 68,84 + 68,80 + 11,26 + 11,44 +
Cycle I Cycle IIT 42 0.42 031 0,429 2378 2358 0,985 5.67 3.90 0,789
0,96 + 0,97 + 70,54 + 71,79 £ 11,15+ 12,32+
Cycle III Cycle IV 19 031 0.28 0,945 2248 2541 0,793 3.64 371 0,196
0,94 + 1,07+ 72,99 + 63,15+ 12,79 + 12,79 +
Cycle IV Cycle V 14 031 0.35 0,212 2835 2621 0,053 3.58 477 1,000
0,93 + 0,98 + 73,89 + 70,86 + 12,29 +
Cycle V Cycle VI 7 0.09 021 0,407 28.49 26.60 0,388 2,69 9,71 £2,69 | 0,042
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Table 4: Statistical analysis result of renal function patients who receive combination cisplatin-paclitaxel

regimen
Creatinine Serum (mg/dl) Creatinin Clearance (ml/min) BUN (mg/dl)
Variable
Total Mean + SD Mean + SD Mean + SD
Patients (n)
p-value p-value p-value
Pre Post Pre Post Pre Post Pre Pre
1,05+ 1,00 + 66,11+ 69,96 + 11,90 + 9,22 +
Cycle I Cycle IT 10 0.33 0.32 0,612 27.60 40,74 0,559 482 2.40 0,143
1,00 + 1,07 + 69,96 + 61,60 + 9,22 + 10,95 +
Cycle I Cycle IIT 10 0.32 021 0,536 4074 14.49 0,507 2.40 474 0,258
1,04 + 0,92 + 65,99 + 73,54 + 11,35+ 10,18 +
Cycle I1I Cycle IV 7 0.22 0.17 0,262 1421 1532 0,293 357 275 0,220
0,92 + 1,02 + 73,54 + 65,18 + 10,18 + 11,00 +
Cycle IV Cycle V 7 0.17 0.12 0,025 1532 14.35 0,014 275 173 0,274
1,05+ 1,11+ 7339+ | 7244+ 11,33 + 12,67 +
Cycle V| Cycle VI 3 0,17 0,27 ) 9,38 3,99 - 2,08 2,08 .

Effect of mannitol-saline administration in the
change of SCr, eCICr and BUN of patients

The differences in patients renal function value
(SCr, eCICr, and BUN) in each cycle before and after
mannitol-hydration administration were shown in Table
2. Furthermore, the differences in patients renal function
during each cycle of chemotherapy before and after
mannitol-hydration administration in both cisplatin-
Sfluorouracyl group and cisplatin-paclitaxel group
listed in Table 3 and Table 4. In cisplatin-paclitaxel
regimentation group, the number of samples that
receive chemotherapy up to fifth cycle and sixth cycle
only 3 patients so it did not meet the requirements for
differential statistical analysis using paired t-test. Based
on the statistical analysis result in all 52 patients, it seems
renal function impairment had occurred after first cycle
cisplatin combination chemotherapy administration
which is characterized by increased creatinine serum

and decreased creatinine clearance significantly (p-value

0,024; 0,006, CI 95% respectively). It’s only occurred
in group of patients with cisplatin-5FU regimentation
therapy (p-value <0,05) but not in group of patients with

cisplatin-paclitaxel regimentation (p-value >0,05).

Furthermore, the average value of creatinine
clearance also decreased significantly after the fourth
cycle of chemotherapy (p-value 0,008, CI 95%). It’s
only occurred in patients with cisplatin-paclitaxel
regimentation which was also accompanied by a
significant increase in creatinine serum otherwise it
did not occur in the group of patients with cisplatin-
SFU regimentation. This result was consistent with
the study by Tezcan et al and Prasaja et al. that state
renal function reduction occurred after first cycle
of cisplatin administration!”?*, Based on those two
studies, renal impairment function will be worsened
along with increasing numbers of chemotherapy which
characterized by creatinine clearance decline after each

cycle and it might be permanent.
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The average BUN value of all 52 patients who
received cisplatin combination chemotherapy was
increase after each cycle but not statistically significant
(p-value > 0,05) and remained within the limit of the
reference value. However, after fifth cycle those value
was decline but also not statistically significant. It’s
happened because in the group patients with cisplatin-
5FU regimentation had statistically significant decrease
of average BUN value after fifth cycle (p-value 0,042,
CI 95%). A study by Arunkumar et al and Teczan et
al, reported that BUN value parameter will increase
after cisplatin chemotherapy treatment, it’s just that
in the study by Arunkumar et al the increase was not

statistically significant as well as in this study®?2°.

This study result was consistent with the study by
Leu and Baribeault which performed in patients using
40 mg/m2 of cisplatin (n= 92) showed that there were
no statistically significant differences in average eCICr
decrease (p = 0.09) in patients received either mannitol-
hydration (n=46) or hydration alone (n=46)!. A similar
result also showed in a study by Beeler et al, that there
were no statistically significant difference (p > 0,05)
of BUN/Cr ratio, GFR, creatinine, and BUN between
patients received mannitol-saline (n=25) and saline

alone (n=23) during 14 days during cisplatin therapy'.

Conclusion

In conclusion, the renoprotective effect of mannitol
in head and neck cancer patients who receive cisplatin
chemotherapy is sufficiently demonstrated in this study.
Mannitol administration can maintain the value of BUN
and creatinine serum of patients at each cycle within the
normal limit. Although the average value of the patient
renal function (SCr,eCICr, and BUN) at each cycle
were fluctuating and the result of statistical analysis
using paired t-test in those three parameters were not
statistically significant (p > 0,05) except on first cycle
and on fourth cycle that eCICr decreased significantly.
Several risk factors like cisplatin dosage and patient
age might affect cisplatin-related nephrotoxicity which
can also affect the effectiveness of mannitol therapy as

renoprotector.
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