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            Abstract

            
               
 Peripheral neurotoxicity is a major adverse effect of cisplatin chemotherapy. A prospective observational study was conducted
                  among 200 cancer patients who received cisplatin between October 2017 and March 2018 to evaluate the occurrence, causality
                  and severity of cisplatin induced peripheral neuropathy. A suitable data collection form was used to record patient information
                  required for the study. Peripheral neuropathy was assessed using the National Cancer Institute- Common Terminology Criteria
                  for Adverse Events (NCI-CTCAE). As per the results, 19 (9.5%) patients developed peripheral neuropathy after receiving cisplatin
                  therapy. Peripheral neuropathy was reported higher in males (84.2%) compared to females (15.7%) and more within the age group
                  of 58-65 years (38.6%). Most of the patients developed Grade I neuropathy (84.2%), followed by Grade II neuropathy (15.7%).
                  The study concluded that the severity of peripheral neuropathy increases with higher cumulative doses of cisplatin.
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               Introduction 
            

            Chemotherapy-induced peripheral neuropathy (CIPN) is a main complication related to cancer treatment  (Miltenburg & Boogerd, 2014). Adverse drug reactions are unwanted and noxious effects due to therapy which complicates the disease burden  (Anusha et al., 2018; Rachana et al., 2019). Adverse drug reactions may range from mild to severe and may increase the length of hospital stay  (Chand, Bhandari, & Girish, 2019; Voora et al., 2019). Peripheral neuropathy is outlined as a condition where the peripheral nerves such as motor, sensory and involuntary nerves
               get damaged  (Kannarkat, Lasher, & Schiff, 2008). 
            

            Almost 50% of patients treated with cisplatin develop neurotoxicity. CIPN is significantly painful and it causes immense loss
               of functional status as well as reduces the quality of life of patients  (Quasthoff & Hartung, 2002). Cisplatin causes neurotoxicity by building up in the dorsal root ganglia and thereby destroying them. This results in deoxyribonucleic
               acid damage, oxidative stress and noxious effect on mitochondria that finally accelerate the nerve cell death  (McWhinney, Goldberg, & McLeod, 2009). This has a significant impact on the quality of life of cancer patients receiving cisplatin therapy.  Hence, this study aims to find the occurrence, causality and severity of cisplatin-induced peripheral neuropathy. 
            

         

         
               
               Materials and Methods
               
            

            A prospective observational study was carried out among inpatients and outpatients of the oncology department of a tertiary
               care teaching hospital for six months (October2017-March 2018). This study was approved by the Institutional Ethics Committee,
               NGSM Institute of Pharmaceutical Sciences, Mangaluru.  Ref No: NGSMIPS/IEC/20/2017-18.
            

            
               Study Criteria
               
            

            All cancer patients between the age group of 18-65 years  receiving a cumulative amount of at least 100mg/m2 of cisplatin chemotherapy were enrolled in study.  Cancer patients receiving chemotherapy drugs other than cisplatin and diabetic patients were excluded from the study.

            Sample size 
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            N= No. of patients

            Z=1.96

             α = Confidence level (5%)

            d = Population proportion (10%)

             P= anticipated proportion (30%)

            The minimum sample size required for this study was 165 patients. Two hundred patients were included during the study period.
               
            

            
               Study Procedure 
               
            

            The socio-demographic details of the study population including age, gender and social habits were recorded in a suitably
               designed patient data collection form. 
            

            Other information regarding diagnosis, stage of cancer, cycles of chemotherapy, site of malignancy was also obtained. Peripheral
               neuropathy was diagnosed by the physician by evaluating the signs and symptoms. 

            
               Analysis of cisplatin-induced peripheral neuropathy
               
            

            
               Causality
               
            

            The causality assessment of ADRs reported was done by using Naranjo’s scale and WHO causality assessment scale  (Shareef, Nandakumar, & Bhat, 2018).
            

            
               Severity
               
            

            Depending upon the severity, cisplatin-induced peripheral neuropathy was classified into grade 1, grade 2, grade 3, grade
               4 and grade 5 using the criteria developed by National Cancer Institute- Common Terminology Criteria for Adverse Events (NCI-CTCAE).
            

            
               Statistical analysis and software used
               
            

            Frequency and percentage were used to summarize the categorical variables. Descriptive statistics like mean and standard deviation
               were calculated for continuous variables. The statistical analysis was performed using SPSS version 20.0.
            

         

         
               Results and Discussion

            
               Socio-demographic variables
               
            

            Among 200 cancer patients, majority 133 (66.5%) were males and the rest 67(33.5%) were females. In this study, 80 (40%) patients
               belonged to the age group of 58 – 65 years. The distribution of patients based on the age group is given in Table  1. 
            

            72 (36%) patients were found to have no social habits followed by 37 (18.5%) with habit of both alcohol consumption and cigarette
               smoking.  Distribution of patients according to their social habits, is shown in Table  2. Out of 200 patients, 31 (15.5%) were found to have a family history of cancer, and the remaining 169 (84.5%) patients had
               no history of cancer in their family. Out of the total patients enrolled, 149 (74.5%) had head and neck cancer, 37 (18.5%)
               had gynecological cancer, 12 (6%) patients had lung cancer and 1 (0.5%) had testicular cancer. Among head and neck cancer,
               carcinoma of buccal mucosa was found to be the highest, 52 (26.0%). Different types of head and neck cancer diagnosed are
               given in Table  3.
            

            
                  
                  Table 1

                  Age-wise distribution

               

               
                     
                        
                           	
                              
                           
                           Age group

                           
                        
                        	
                              
                           
                           Frequency (n)

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           18-27

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           28-37

                           
                        
                        	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           8.5

                           
                        
                     

                     
                           	
                              
                           
                           38-47

                           
                        
                        	
                              
                           
                           42

                           
                        
                        	
                              
                           
                           21.0

                           
                        
                     

                     
                           	
                              
                           
                           48-57

                           
                        
                        	
                              
                           
                           60

                           
                        
                        	
                              
                           
                           30.0

                           
                        
                     

                     
                           	
                              
                           
                           58-65

                           
                        
                        	
                              
                           
                           80

                           
                        
                        	
                              
                           
                           40.0

                           
                        
                     

                  
               

            

            

            
                  
                  Table 2

                  Distribution based on social habits

               

               
                     
                        
                           	
                              
                           
                           Social habits

                           
                        
                        	
                              
                           
                           Frequency(n)

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           No habits

                           
                        
                        	
                              
                           
                           72

                           
                        
                        	
                              
                           
                           36.0

                           
                        
                     

                     
                           	
                              
                           
                           Alcohol + smoking

                           
                        
                        	
                              
                           
                           37

                           
                        
                        	
                              
                           
                           18.5

                           
                        
                     

                     
                           	
                              
                           
                           Smoking

                           
                        
                        	
                              
                           
                           26

                           
                        
                        	
                              
                           
                           13.0

                           
                        
                     

                     
                           	
                              
                           
                           Substance use

                           
                        
                        	
                              
                           
                           20

                           
                        
                        	
                              
                           
                           10.0

                           
                        
                     

                     
                           	
                              
                           
                           Alcohol

                           
                        
                        	
                              
                           
                           18

                           
                        
                        	
                              
                           
                           9.0

                           
                        
                     

                     
                           	
                              
                           
                           Smoking +substance use

                           
                        
                        	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           6.5

                           
                        
                     

                     
                           	
                              
                           
                           Alcohol +smoking +substance use

                           
                        
                        	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           5.5

                           
                        
                     

                     
                           	
                              
                           
                           Alcohol + substance use

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Distribution of patients diagnosed with head and neck cancer

               

               
                     
                        
                           	
                              
                           
                           Head and neck cancer diagnosed

                           
                        
                        	
                              
                           
                           Frequency (n)

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Buccal mucosa

                           
                        
                        	
                              
                           
                           52

                           
                        
                        	
                              
                           
                           26.0

                           
                        
                     

                     
                           	
                              
                           
                           Tongue 

                           
                        
                        	
                              
                           
                           37

                           
                        
                        	
                              
                           
                           18.5

                           
                        
                     

                     
                           	
                              
                           
                           Esophagus 

                           
                        
                        	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           5.5

                           
                        
                     

                     
                           	
                              
                           
                           GB complex

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           5.0

                           
                        
                     

                     
                           	
                              
                           
                           Tonsils 

                           
                        
                        	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           3.0

                           
                        
                     

                     
                           	
                              
                           
                           Oropharynx

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           2.5

                           
                        
                     

                     
                           	
                              
                           
                           Supraglottis

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           2.5

                           
                        
                     

                     
                           	
                              
                           
                           Pyriform fossa

                           
                        
                        	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           2.0

                           
                        
                     

                     
                           	
                              
                           
                           Cricoid

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                     

                     
                           	
                              
                           
                           Hypopharynx

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                     

                     
                           	
                              
                           
                           Retromolar trigon

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                     

                     
                           	
                              
                           
                           Submandibular gland 

                           
                        
                        	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           1.5

                           
                        
                     

                     
                           	
                              
                           
                           Floor of mouth 

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                     

                     
                           	
                              
                           
                           Larynx

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                     

                     
                           	
                              
                           
                           Lip 

                           
                        
                        	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           1.0

                           
                        
                     

                     
                           	
                              
                           
                           Soft plate

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                  
               

            

            

            Dosing pattern of cisplatin among the study population 
            

            Different cumulative doses of cisplatin ranging from 120 -540 mg were given to the patients. A majority of patients, 72 (36%)
               received a cumulative dose of 150 mg. Table  4 summarizes the different cumulative doses of cisplatin given to patients.
            

            

            

            
                  
                  Table 4

                  Distribution of patients based on the cumulative dose of cisplatin received

               

               
                     
                        
                           	
                              
                           
                           Cumulative dose

                           
                        
                        	
                              
                           
                           Frequency(n)

                           
                        
                        	
                              
                           
                           Percentage (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           120mg

                           
                        
                        	
                              
                           
                           42

                           
                        
                        	
                              
                           
                           21

                           
                        
                     

                     
                           	
                              
                           
                           150mg

                           
                        
                        	
                              
                           
                           72

                           
                        
                        	
                              
                           
                           36

                           
                        
                     

                     
                           	
                              
                           
                           160mg

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           5

                           
                        
                     

                     
                           	
                              
                           
                           170mg

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           180mg

                           
                        
                        	
                              
                           
                           49

                           
                        
                        	
                              
                           
                           24.5

                           
                        
                     

                     
                           	
                              
                           
                           200mg

                           
                        
                        	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           3

                           
                        
                     

                     
                           	
                              
                           
                           220mg

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           240mg

                           
                        
                        	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           3.5

                           
                        
                     

                     
                           	
                              
                           
                           290mg

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                     
                           	
                              
                           
                           540mg

                           
                        
                        	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           0.5

                           
                        
                     

                  
               

            

            

            
               Occurrence and severity of peripheral neuropathy
               
            

            Among 200 cancer patients who received cisplatin, 19 (9.5%) patients were reported with peripheral neuropathy. NCI-CTCAE  scale was used to evaluate peripheral neuropathy induced by cisplatin. Among 19 patients, 16 (84.21%) were reported with
               grade 1 neuropathy, and 3 (15.7%) developed grade 2 neuropathy.
            

            Demographics of patients with peripheral neuropathy  
            

            The occurrence of peripheral neuropathy was found more among the males 16 (84.2%) than females 3 (15.8%). Peripheral neuropathy
               was reported more among the patients within the age group of 58-65 years, followed by 48-57.
            

            Distribution of dose of cisplatin and severity of neuropathy 
            

            The results showed that 12 patients presented grade 1, and no patients had grade 2 peripheral neuropathy at a cumulative dose
               range of 100-199 mg. whereas four patients presented grade 1 and three patients had grade 2 peripheral neuropathy at a dose
               above >200mg.
            

            
               Causality assessment of cisplatin-induced peripheral neuropathy 
               
            

            On assessing the causality using the WHO probability scale and Naranjo’s scale, it was found that all the suspected neuropathy
               cases were possible adverse drug reactions. 
            

            The study showed a higher occurrence of cancer among males than females. These results are supported by the study conducted
               by  (Hill et al., 2010; Pace et al., 2003). In contradiction, a study conducted by  (Postma et al., 1998) found that females were more than males.  In the study population, more cancer patients were present in the age group of 58-65 years which was similar to the study
               conducted by  (Hill et al., 2010). Among the study population, 15% showed a strong positive family history of cancer  which was found to be similar to the
               study conducted by  (Tracy et al., 2008).
            

            Different types of cancers were diagnosed in the study population. Head and neck (74.5%) were found as the major type of cancer
               diagnosed, followed by gynecological cancer. This resembles the results of the study conducted by  (Siegal & Haim, 1990). The results obtained from the study carried out by  (Postma et al., 1998) showed ovarian cancer as the major type of cancer which is contradictory to the present study. 

            A total of 72 (36%) patients received cisplatin at a cumulative dose of 150 mg followed by 49 (24.5%) patients with 180 mg,
               42(21%) patients received 120mg, 10(5%) patients received 160 mg, 7(3.5%) patients received 240 mg and 6 (3%) patients received
               200 mg. Similar results were found in the study conducted by  (Thompson, Davis, Kornfeld, Hilgers, & Standefer, 1984).  Peripheral neuropathy is a major dose-dependent adverse effect of cisplatin chemotherapy. In the present study out of
               200 patients who received chemotherapy with cisplatin, 19 (9.5%) patients developed peripheral neuropathy. A study conducted
               by  (Kannarkat et al., 2008) showed that the occurrence of chemotherapy-induced peripheral neuropathy was almost 30-40 %. Different factors influence
               the occurrence of CIPN including age, dose, dosing frequency and cumulative dose. Peripheral neuropathy was observed at different
               doses ranging from 150 mg to 540 mg. Gender wise distribution of patients with peripheral neuropathy was found similar to
               the study conducted by  (Cavaletti et al., 2007).

            Peripheral neuropathy was assessed using the NCI-CTCAE scale, which revealed that a higher number of patients had grade 1
               peripheral neuropathy at a lower cumulative dose and fewer patients had grade 2 peripheral neuropathy at higher cumulative
               dose. Higher the cumulative dose, higher is the occurrence of grade 2 neuropathy. This result has a resemblance to the study
               conducted by  (Siegal et al., 1990). The results of the study conducted by  (Pace et al., 2003) showed that peripheral neurotoxicity occurs only after a cumulative dose of 250mg which was found contradictory to the present
               study.

         

         
               
               Conclusions
               
            

            The occurrence of peripheral neuropathy was found to be  9.5% among total cancer patients receiving cisplatin. On causality
               assessment, peripheral neuropathy was found as a possible adverse drug reaction of cisplatin. The study also concluded that
               higher the cumulative dose of cisplatin greater is the severity of peripheral neuropathy. 
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