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Abstract

Background: Cisplatin is widely used as radio sensitizer in head and neck cancer (HNC) and cervical cancer.
We conducted this prospective study to evaluate cisplatin induced toxicity as once-weekly regimen in HNC and
cervical cancer during concurrent chemoradiotherapy (CCRT) to optimize its administration.

Patients and methods: From 01 January 2015 to 11 May 2015, a data of all eligible patients treated by
chemoradiation regimens containing a low dose of cisplatin were collected at the Department of radiotherapy in
National Institute of Oncology in Morocco. Cisplatin was used weekly at 40 mg/m2 with adequate hydration and
premedication in all patients. A complete blood count and renal function tests were done prior to each cycle of
chemotherapy to evaluate toxicity according to the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE, version 4.0).

Results: A total of 96 patients were eligible for the analysis. Mean age, PS, initial weight, enteral nutrition,
cisplatin mean dose, use of oral Ondansetron and baseline serum tests did not differ significantly among the types of
malignancy. However, weight loss was significantly noted among HNC group compared to cervical cancer patients
with 6.06 + 2.92 kg and 0.02 + 0.13 kg respectively. Toxicity was observed only in 16 (20%) patients after the 4th
week of treatment especially among HNC group. The neutropenia and thrombocytopenia were significantly greater
for patients of HNC. However, we did not observe any renal toxicity, thrombocytopenia and = grade 3 neutropenia
toxicity in cervical cancer group. In multivariated analysis, only a subtype of HNC (OR, 1233; 95% ClI, 16-95 103;
P=0.001) and grade 2 emetogenicity (OR, 34.8; 95% ClI, 2.1-583; P=0.014) were significantly associated with an
increased risk for cisplatin toxicity. Whereas, less than 4 weekly cisplatin treatment (OR, 0.4; 95% CI, 0.1-0.9;
P=0.046) was associated with a significantly reduced risk.

Conclusion: Our data have revealed that individuals with HNC were at a significantly higher risk for cisplatin-
induced toxicity during CCRT and suggest that the once-weekly smaller dose of cisplatin regimen and conventional
prophylactic procedures of administration might be effective for protection against the renal toxicity of cisplatin.
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Abbreviations: HNC: Head and Neck Cancer; CCRT: Concurrent
Chemoradiotherapy; NCI CTCAE: National Cancer Institute Common
Terminology Criteria for Adverse Events; PS: Performance Status;
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs; SD: Standard
Deviation; IQR: Interquartile Range; CC: Creatinine Clearance; RT:
Radiation Therapy

Background and Introduction

Cisplatin or cis-diamminedichloroplatinum (II) is a highly effective
chemotherapeutic drug whose anticancer activity was accidentally
discovered by the physicist-biologist Barnett Rosenberg [1]. Then, it has
been used as a major antineoplastic drug for the treatment of diverse
solid tumors [2]. However, the efficacy of cisplatin is limited by severe
side effects, dose dependent, such as renal toxicity, hematologic toxicity
and emetogenicity [3,4].

Cisplatin is a potent radiosensitizer and the drug most commonly
used for chemoradiotherapy in various inoperable locally advanced
solid tumors [5-7]. Chemoradiation showed significant benefit for
local recurrence and for distant recurrence [8-10]. Thus, cisplatin-
based chemoradiation was largely accepted as the standard of care for
patients with head and neck cancer (HNC) and cervical cancer. The

standard chemoradiation regimens containing a low dose of cisplatin
with aggressive hydration might reduce its toxicity.

The aim of this prospective study is to evaluate cisplatin induced
toxicity as once-weekly regimen in HNC and cervical cancer during
concurrent chemoradiotherapy (CCRT) to optimize its administration.

Patients and Methods
Population and study sites

This prospective study was conducted during the period from 01
January 2015 to 11 May 2015 at the Department of radiotherapy in
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National Institute of Oncology in Morocco. During that time, a clinical
and biological data of all patients treated by chemoradiation regimens
containing a low dose (40 mg/m?) of cisplatin were collected after
obtaining oral consent from each patient. Patients were eligible if they
had a correct laboratory tests and had an Eastern Cooperative Oncology
Group performance status (PS) of 0 or 1. Patients were excluded from
the study if they had a history of neoadjuvant chemotherapy, more than
one cancer, uncontrolled intercurrent illness, obstructive uropathy
or nephrotoxic treatment used during chemoradiation such as some
antihypertensive or non-steroidal anti-inflammatory drugs (NSAIDs).

Cisplatin administration

Cisplatin-based chemoradiation was used in our department weekly
at 40 mg/m? with a maximum of 70mg per cycle. It was administered
in 500 mL of 0.9% normal saline over 30 minute. All patients were
pre hydrated with 1L of 0.9% normal saline and post hydrated with
1L of 0.9% normal saline, which was administered over 1h. Oral
hydration with 2 - 3 L the night before and the day after treatment was
recommended for all patients. Antiemetic prophylaxis with 5-HT3
serotonin receptor antagonists (Ondansetron) plus methylprednisolone
was administered 15 min before the onset of chemotherapy in all cases.
A supplemented oral antiemetic treatment during the 3 days was
prescribed for all patients.

Toxicity evaluation

Complete blood count and renal function tests were done prior to
each cycle of chemotherapy.

Nephrotoxicity indicating the postponement of the treatment was
defined as a creatinine clearance (CC) less than 50ml/min according
to the Cockcroft-Gault equation or 50 ml/min/1.73 m> by MDRD
eGEFR for patients over 65 years. Nephrotoxicity was also defined as an
increase in the serum creatinine concentration of grade 2 or higher,
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE, version 4.0).

According to the same criteria, anemia was noted grade 2 when
the hemoglobin (Hb) is less than 10.0 - 8.0 g/dl and grade 3 indicating
a transfusion; when Hb is lower than 8.0 - 6.5 g/dl. Neutropenia was
noted grade 2 when the neutrophil rate is <1500-1000/mm?, grade 3
if <1000-500/mm* and grade 4 if < 500/mm?®. Thrombocytopenia was
noted grade 1 when the platelet count is <150,000-75,000/mm?® and
grade 2 if <75,000-50,000/mm?, whereas, we practically postponed the
treatment when the platelet count is less than 100,000/mm?. Finally,
vomiting was noted grade 1 when the patients report between 1 to 2
episodes (separated by 5 minutes) in 24 hours and grade 2 between 3
to 5 episodes (separated by 5 minutes) in 24 hours, while an increase of
4-6 stools per day over baseline was noted grade 2 diarrhea.

Statistical analysis

Statistical analysis of the data was carried out by the SPSS 13.0
for Windows (SPSS, Inc., Chicago, IL, USA). Qualitative variables
were presented as number and percentages. Quantitative variables
were presented as mean + standard deviation (SD) for variables with
normal distribution, and as median and interquartile range (IQR) for
variables with skewed distributions. Chi? tests and Fisher test were used
to identify cisplatine-induced toxicity associated with tumor type. A
multivariate logistic regression was used to determine clinicopathologic
factors associate with biological cisplatine toxicity. In all tests, the values
p <0.05 were regarded statistically significant.

Results

Patient characteristics

A total of 96 patients who received weekly cisplatin-based
chemoradiation were eligible for the analysis. Baseline characteristics
of the eligible patients are summarized in Table 1. The mean age
was 52.7 £ 12.5 years (range, 20-96), and most patients were female
(83.3%) and had a good PS of 0 (82.3) or 1 (17.7%). The tumor type
was cervical cancer (64.6%) and HNC (35.4%) with predominance of
nasopharyngeal cancer (61.8%).

Mean age, PS, initial weight, enteral nutrition, cisplatin mean
dose, use of preventing oral Ondansetron, baseline serum creatinine
concentration, baseline creatinine clearance (CC), baseline neutrophil
rate and platelet count did not differ significantly among the types of
malignancy. However, weight loss was significantly noted among HNC
group compared to cervical cancer patients with 6.06 + 2.92 kg and 0.02
* 0.13 kg respectively at the end of treatment. In terms of estimated
oral hydration of the patients during CCRT, it was significantly lower in
patients of HNC as compared to cervical cancer (P<0.001).

Cisplatin-induced toxicity

The cisplatin-induced toxicity according to grade and tumor types
is shown in Table 2. We observed 53 vomiting toxicity, essentially
grade 1 (37.5%) and grade 2 (17.7%). In terms of biological toxicity,
we observed one patient with grade 3 renal toxicity, one patient in each
group with grade 3 anemia toxicity, thirteen patients with > grade 2
neutropenia and five with thrombocytopenia. The neutropenia and
thrombocytopenia toxicity were significantly greater for patients of
HNC with P <0.001 and P=0.005 respectively. We did not observe any
renal toxicity, thrombocytopenia and > grade 3 neutropenia toxicity in
cervical cancer group. The two groups of patients did not differ in terms
of emetogenicity, nephrotoxicity and anemia.

The time of recorded biological toxicity is shown in Table 3. All of
toxicity is shown after the fourth week of treatment especially among
HNC group.

Clinico-pathologic analysis of risk factors for biological
cisplatin toxicity

Cisplatin-induced toxicity was observed in 16 (20%) of the 96
eligible patients. To assess the contribution of each individual risk factor
to cisplatin-induced toxicity, we performed univariate and multivariate
logistic regression analysis (Table 4). In univariate analysis, female sex
(OR, 6.14; 95% CI, 1.83-20.51; P=0.003), subtype of HNC (OR, 48.16;
95% CI, 5.96-388.85; P< 0.001), grade 2 emetogenicity (OR, 9.33; 95%
CI, 2.04-42.66; P=0.004) and weight loss (OR, 1.33; 95% CI, 1.14-
1.56; P< 0.001) were significantly associated with an increased risk for
cisplatin toxicity. In multivariate analysis, only a subtype of HNC (OR,
1233; 95% CI, 16-95 103; P= 0.001) and grade 2 emetogenicity (OR,
34.8; 95% CI, 2.1-583; P=0.014) were significantly associated with an
increased risk for cisplatin toxicity whereas, less than 4 weekly cisplatin
treatment (OR, 0.4; 95% CI, 0.1-0.9; P= 0.046) was associated with a
significantly reduced risk. No significant differences were found among
the other variables studied.

Discussion

Cisplatin is a potent radiosensitizer and the drug most commonly
used for chemoradiotherapy in locoregionally advanced cervical cancer
and HNC despite of its severe toxic effects, such as nephro-, hemato- and
ototoxic effects, nausea and vomiting, as well as severe mucositis, which
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Characteristics All patients Cervical cancer Head and neck cancer P value
n=96 n=62 n=34 <0.001
Sex°®
Male 16 (16.7) - 16 (47.1)
Female 80 (83.3) 62 (100) 18 (52.9)
Age (years)* 52.7+125 53+12.7 522+12.2 0.741
PS°
0 79 (82.3) 52 (83.9) 27 (79.4) 0.584
1 17 (17.7) 10 (16.1) 7 (20.6)
Initial weight (kg)* 64.9 +£13.9 64.4+14.6 65.9+12.8 0.611
Weight loss during treatment (kg)* 2.16 +3.38 0.02+0.13 6.06 +2.92 <0.001
Total weekly Cisplatin treatment* 481 43+0.6 57+0.9 <0.001
Cisplatin mean dose (mg/m?)* 648 +5.7 64.4+£51 65.5+6.7 -
Enteral Nutrition® 96 (100) 34 (100) 62 (100) -
Estimated oral hydration (ml/day)°®
<1000 70 (72.9) 36 (58.1) 34 (100)
1000 - 2000 21(21.9) 21(33.9) 0(0)
> 2000 5(5.2) 5(3.1) 0(0) 0.364
Preventing oral Ondansetron®
Yes 64 (71.1) 42 (70) 22 (73.3) 0.822
No 26 (28.9) 18 (30) 8 (26.6)
Baseline creatinine concentration (mg/l)* 6.7+1 6.5+0.8 69+13 0.051
Baseline creatinine clearance (CC)* 114.7 £29.5 112.4 £30.3 118.8 £27.9 0.318
Baseline hemoglobin rate (g/dl)* 126+1.4 123+14 13.2+1.2 0.001
Baseline neutrophil rate/mm?3$ 4455 (3322;6600) 4480 (3579;6755) 4273 (3018;6560) 0.220
Baseline platelet count/mm3$ 290 (237;357) 297 (237, 367) 274 (230;342) 0.387
°Qualitative variables presented as number and percentages n (%).
*Quantitative variables presented as mean + standard deviation (SD).
$Quantitative variables presented as median and interquartile range (IQR).
Table 1: Baseline characteristics of the study patients.
Toxicity All patients Cervical cancer Head and neck cancer P value
n=96 n=62 n=34
Emetogenicity
Grade 1 36 (37.5) 23 (37.1) 13 (38.2) 0.816
Grade 2 17 (17.7) 10 (16.1) 7 (20.6)
Nephrotoxicity
Grade 2 0 (0) 0 (0) 0 (0) 0.354
Grade 3 1(1) 0(0) 1(2.9)
Hematotoxicity
Anemia
Grade 2 11 (11.5) 5(8.1) 6 (17.6) 0.290
Grade 3 2(2.1) 1(1.6) 1(2.9)
Neutropenia
Grade 2 9(9.4) 1(1.6) 8(23.5) <0.001
Grade 3 3(3.1) 0(0) 3(8.8)
Grade 4 1(1) 0(0) 1(2.9)
Thrombocytopenia
Grade 1 4(4.2) 0(0) 4 (11.8) 0.005
Grade 2 1(1) 0(0) 1(2.9)

Qualitative variables presented as number and percentages n (%)

Table 2: Cisplatine toxicity grade among patient’s groups.

Biological toxicity time All patients Cervical cancer Head and neck cancer
n=16 n=1 n=15

After 4" treatment 3(18.8) 1(100) 2(13.3)

After 5" treatment 7 (43.8) 0(0) 7 (46.7)

After 6" treatment 6 (37.5) 0(0) 6 (40)

Qualitative variables presented as number and percentages n (%)

Table 3: Time of recorded biological toxicity.
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Characteristics Biological cisplatin toxicity

Bivariated Analysis Multivariated Analysis

Yes (n=16) No (n=80) OR 95%ClI P value OR 95%Cl P value
Age (years) 54 +11.6 52.5+ 12.7 1.01 0.967-1.05 0.651
Sex
Male 7 (43.8) 9(11.2) 1(Ref)
Female 9 (56.2) 71(88.8) 6.14 1.83-20.51 0.003 1.5 0.18-12.7 0.692
Tumor type
Cervical 1(6.2) 61 (76.2) 1(Ref)
Head and neck 15 (93.8) 19 (23.8) 48.16 5.96-388.85 <0.001 1233 16-95 108 0.001
PS
0 13 (81.2) 66 (82.5) 1(Ref)
1 3(18.8) 14 (17.5) 1.09 0.27-4.33 0.905
Estimated oral hydration (ml/day)

<1000 16 (100) 54 (67.5) 47 107 0-<0.001 0.999

1000 - 2000 0(0) 21(26.2) 1 0-<0.001 1

> 2000 0(0) 5(6.2) 1(Ref)
Total weekly treatment 53+0.8 4.7 £1 1.65 0.98-2.78 0.060 0.4 0.1-0.9 0.046

Emetogenicity

No. 3(18.8) 40 (50) 1(Ref)

Grade 1 6 (37.5) 30 (37.5) 2.67 0.617-11.53 0.189 2 0.3-13 0.468

Grade 2 7 (43.8) 10 (12.5) 9.33 2.04-42.66 0.004 34.8 2.1-583 0.014
Weight loss during treatment (kg) 53+3 1.5+3.1 1.33 1.14-1.56 <0.001 0.9 0.7-1.2 0.510
Cisplatin mean dose (mg/m?) 66.2 +8.3 64.5+5 1.05 0.96-1.16 0.278 1 0.8-1.2 0.795

Abbreviations: OR=0dds Ratio, 95 CI=95% Confidence Interval.

Table 4: Comparison of clinicopathologic characteristics as risk factors for cisplatin-induced toxicity.

make the treatment suitable only for patients with normal CC and a
good PS. In the present study, we found that 20% (16/96) of individuals
who received weekly cisplatin at a dose of 40 mg/m? developed acute
toxicity after 4th week of planned treatment, especially in HNC group,
despite the adoption of conventional measures of hydration and smaller
cisplatin dose. That side effect includes low grade of neutropenia,
thrombocytopenia and only one case of reversible grade 3 renal toxicity.
These results indicate that the once-weekly smaller dose of cisplatin
regimen and conventional prophylactic procedures of administration
were sufficient to prevent toxic effects essentially renal toxicity in most
our patients.

Concurrent administration of 100 mg/m? cisplatin once every 3
weeks and radiation therapy (RT) has been extensively studied and
was the only evidence-based cisplatin regimen available for CCRT
for locoregionally advanced HNC [11,12]. However, to limit toxic
effects, large-scale randomized trials used alternative regimen, such
as weekly cisplatine administration during RT [13-16]. Schedules that
deliver weekly cisplatin in smaller doses seem to be considerably less
toxic without compromising efficacy. To date, weekly cisplatin (40 mg/
m?) during RT is the optimal chemotherapy schedule in the treatment
of cervical cancer. Moreover, this regimen has significantly improved
compliance and reduced acute toxicity, while not affecting response and
survival rates, compared to cisplatin plus 5-fluorouracil (5-FU) regimen
[17]. Based on these results, a combination of weekly 40 mg/m? cisplatin
and RT was adopted as a routine regimen in our institution.

In our experience, weekly cisplatin of 40 mg/m* combined with RT
given either as definitive or postoperative treatment was accompanied
by only one patient with grade 3 renal toxicity, two patients with grade
3 anemia toxicity, thirteen patients with > grade 2 neutropenia and
five with thrombocytopenia. We observed no serious nephrotoxicity,
ototoxicity, or neurotoxicity. These findings demonstrate that smaller
individual doses of cisplatin may lead to less chemotherapy-induced
morbidity when a prophylactic procedure of its administration is

respected. Good tolerance of this alternative cisplatin dosing schedules
has also been reported in multiple large randomized trials in locally
advanced HNC [15,16] as well as in cervical cancer [17,18], because
it resulted in a higher rate of completion of chemoradiation and less
serious (grade 3/4) renal and hematologic toxicity. Additionally, more
frequent cisplatine administration could provide radiosensitizing
chemotherapy as a larger proportion of the administered RT dose.
Therefore, concomitant weekly cisplatin with RT is a safe and effective
treatment regimen.

To assess the potential risk factors for cisplatin-induced toxicity, we
performed multivariable logistic regression analyses. Consistent with
previous results [19] we found that individuals with HNC were at a
significantly higher risk for cisplatin-induced toxicity than were those
with cervical cancer, strongly for neutropenia and thrombocytopenia.
Whereas, less than 4 weekly cisplatin treatment was associated with a
significantly reduced risk. Regarding tumor type, and despite of the
mean dosage of cisplatin in patients with HNC was 65.5 + 6.7 mg,
which was not significantly higher than that of cervical cancer (64.4 +
5.1 mg), such an association can be explained primarily by the higher
number of weekly cisplatin planned treatment, the lower estimated oral
hydration, the weight loss during treatment and the serious vomiting
toxicity among HNC group. During CCRT, as the 4th week is reached, a
cumulative dose of cisplatin increased, leading to serious vomiting and
more severe oral mucosal reactions that affect oral intake, which further
add to the cisplatin-induced toxicity [20]. In this study, all of toxicity is
shown after the 4th week of treatment, and found significantly lower
estimated oral hydration now in HNC patients as compared to cervical
cancer (P < 0.001). In cervical cancer without obstructive uropathy,
cisplatin-induced toxicity is less severe as oral intake of water and liquid
is not much impaired. A multivariable analysis showed significantly
association between grade 2 vomiting and increased risk for cisplatin
toxicity (P=0.014). Nonhematologic cisplatine toxicities, including
nausea, vomiting, and mucositis, might be associated with an increased
risk for cisplatin-induced hematologic toxicity [4].
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The present study had certain notable limitations. First, patients
were eligible of study if they had a good PS, correct baseline laboratory
test and without co morbidity which is not valid for all patients. Second,
many patients did not receive the full planned cisplatin dose owing to
various factors not related to toxicity such as administrative problems.

Conclusion

In conclusion, our data have revealed that individuals with HNC
were at a significantly higher risk for cisplatin-induced toxicity during
CCRT, that toxicity is shown after the 4th week of planned treatment
when oral mucosal reactions increase and affect oral intake. Our
findings also suggest that the once-weekly smaller dose of cisplatin
regimen and conventional prophylactic procedures of administration
might be effective for protection against cisplatin toxicity essentially
renal toxicity.
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