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            Abstract

            
               
One of the reasons behind the chemotherapeutic drugs that differentiate from other drugs is the toxic effects. Toxicity is
                  the main concern for chemo drugs. These drugs usually have a narrow therapeutic range and responsible for unwanted toxic effects.
                  These toxic effects constitute a considerable endpoint for pharmacodynamic studies of cytotoxic drugs. Toxic effects may vary
                  depending upon the dose, term of usage, and individual susceptibility. The management of these toxicities should be given
                  the utmost importance to better their health and to improve their tolerability. By conscious of the toxicity of independent
                  regimens assist the physicians to pick out patients requiring supportive therapy or reduced toxic regimens. Any measure that
                  aid to lessen the phenomenon or seriousness of toxicities in patients going on chemotherapy, would be favorable and amplify
                  the patient’s standard of living. This article offers an overview of toxicities and their management of chemotherapeutic drugs.
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               Introduction

            Carcinoma is a fatal disease which is bring about due to unrestricted proliferation of the cells that leads to the formation
               of extra mass tissue known as a tumor.  Malignancies cells can also spread through in the bloodstream and lymph nodes 1. Some of the tumors does not expand throughout the body but grow uncontrollably like benign tumor 2. The normal cells control the cell cycle regulation 3. In some cases, normal cells affected by risk exposures mainly chronic viruses like hep-B and C, Epstein Barr Virus (EBV),
               and Human papillomaviruses (HPV), a mutation in the p53 gene increase the high risk of malignancies 4. Malignancies are majorly classified as three types Carcinomas Lymphomas Sarcomas 5. These malignancies were treated with using various intravenous neoplastic agents by individual or by combination, and as
               adjunctive with radiation therapy or surgrey are make use of extensively in the management of a diversity of carcinomas 6. At present chemotherapeutic agents have a part in the clinical trials like primary treatment for advanced medical conditions
               and localized malignancies 7. Numerous restoring tissues own excessive growing capacity rivaling dangerous, this kind of tissues like bone marrow cells,
               sebaceous follicles, the GI tract mucosa, and on expose to chemotherapy persist the determined noxious effects due to chemotherapeutic
               agents 8. So these toxicities minimized by adjusting the dosage using Body mass surface (BSA mg/m2) 9. Frequent noxious effects included are myelosuppression, GI tract, sebaceous follicle toxicity, neurotoxicity, local effects,
               hepatic & cardio-vascular toxicity, gonadal toxicity, nephrotoxicity etc. 10. This review offers a general outlook of the noxious effects of neoplastic drugs and their managing options or treatment.
               It helps to select the appropriate treatment and lessen the intensity and potency of toxicities by the clinicians that reduce
               the financial burden rely on patients.  
            

            
               Hematological Toxicity
               
            

            Myelosuppression complications frequently were seen in patients treated with chemotherapeutic agents 11. Chemotherapeutic agents may destroy the action of rapid growing blood cells, resulting the retardation of formed elements
               and prevalence of dangerous hemorrhage risk & blood borne infections 12. Chemotherapeutic drugs resulting hematological toxic effects are mentioned in Table  1.
            

            
               Management of hematological toxicities
               
            

            Management varies from dose reduction if in case persistent myelosuppression occurs than changing to the regimen. Patients
               who had to develop grade-IV toxicity require hospitalization, treatment of infection, or bleeding manifestation. CSF factors
               such as erythropoietin, Granulocyte-Colony stimulating factor, Granulocyte Macrophage- Colony stimulating factor, Darbopoietin
               alpha, and various cytokines, etc are helpful in treating the condition of myelosuppression 13.
            

            Anemia 
            

            Anemia is the frequent and tenacious blood disorder in carcinoma patients. According to the National Cancer Institute (NCI),
               Anemia scale was classified as Grade 0, 1, 2, 3, 4, 5 depending on the seriousness level 14. Chemo drugs causing anemia listed in Table  2.
            

            

            
                  
                  Table 1

                  Drugs induced bone marrow depression

               

               
                     
                        
                           	
                              
                           
                           High risk

                           
                        
                        	
                              
                           
                           Moderate risk

                           
                        
                        	
                              
                           
                           Mild risk

                           
                        
                        	
                              
                           
                           Lower risk

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Carbolpatin

                           
                        
                        	
                              
                           
                           Dactinomycin

                           
                        
                        	
                              
                           
                           Vinblastine

                           
                        
                        	
                              
                           
                           Doxorubicin

                           
                        
                     

                     
                           	
                              
                           
                           Chlorambucil

                           
                        
                        	
                              
                           
                           Mitomycin

                           
                        
                        	
                              
                           
                           Melphelan

                           
                        
                        	
                              
                           
                           Gemcitabine

                           
                        
                     

                     
                           	
                              
                           
                           Oxaliplatin

                           
                        
                        	
                              
                           
                           Procarbazine

                           
                        
                        	
                              
                           
                           Oxaliplatin

                           
                        
                        	
                              
                           
                           Daunorubicin

                           
                        
                     

                     
                           	
                              
                           
                           Cyclophosphamide

                           
                        
                        	
                              
                           
                           Fludarabine

                           
                        
                        	
                              
                           
                           Idarubicin

                           
                        
                        	
                              
                           
                           Paclitaxel

                           
                        
                     

                     
                           	
                              
                           
                           Cytarabine

                           
                        
                        	
                              
                           
                           Mustine

                           
                        
                        	
                              
                           
                           Irinotecan

                           
                        
                        	
                              
                           
                           Hydroxyurea

                           
                        
                     

                     
                           	
                              
                           
                           Vinorelbine

                           
                        
                        	
                              
                           
                           Topotecan

                           
                        
                        	
                              
                           
                           Rituximab

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Ifosamide

                           
                        
                        	
                              
                           
                           Mitoxantrone

                           
                        
                        	
                              
                           
                           Transtuzumab

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

            

             

            
                  
                  Table 2

                  Chemotherapeutic agents induced anemia

               

               
                     
                        
                           	
                              
                           
                           High risk

                           
                        
                        	
                              
                           
                           Moderate risk

                           
                        
                        	
                              
                           
                           Lower risk

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Cisplatin

                           
                        
                        	
                              
                           
                           Altretamine

                           
                        
                        	
                              
                           
                           Topotecan

                           
                        
                     

                     
                           	
                              
                           
                           Docetaxel

                           
                        
                        	
                              
                           
                           Cytarabine

                           
                        
                        	
                              
                           
                           Paclitaxel

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Chemotherapeutic agents induced neutropenia

               

               
                     
                        
                           	
                              
                           
                           S.NO

                           
                        
                        	
                              
                           
                           Agents

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           Alkylating agents

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           Anthracyclines

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           Antimetabolites

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           Camptothecins

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           Epipodophyllotoxins

                           
                        
                     

                     
                           	
                              
                           
                           6.

                           
                        
                        	
                              
                           
                           Hydroxyurea

                           
                        
                     

                     
                           	
                              
                           
                           7.

                           
                        
                        	
                              
                           
                           Taxanes

                           
                        
                     

                  
               

            

            

             

            
                  
                  Table 4

                  Broad spectrum antibiotics management of neutropenia

               

               
                     
                        
                           	
                              
                           
                           S.NO

                           
                        
                        	
                              
                           
                           Antibiotic

                           
                        
                        	
                              
                           
                           Route of Administration

                           
                        
                        	
                              
                           
                           Dose

                           
                        
                        	
                              
                           
                           Frequency

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           Amoxicillin/clavulanate

                           
                        
                        	
                              
                           
                           PO

                           
                        
                        	
                              
                           
                           500/125mg

                           
                        
                        	
                              
                           
                           q8hrly

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           Cefepime

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           2g

                           
                        
                        	
                              
                           
                           q8hrly

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           Ceftazidime

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           2g

                           
                        
                        	
                              
                           
                           q8hrly

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           Ciprofloxacin

                           
                        
                        	
                              
                           
                           IV/PO

                           
                        
                        	
                              
                           
                           400mg/750mg(PO)

                           
                        
                        	
                              
                           
                           q8-12hrly

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           Clindamycin

                           
                        
                        	
                              
                           
                           PO

                           
                        
                        	
                              
                           
                           600mg

                           
                        
                        	
                              
                           
                           q8hrly

                           
                        
                     

                     
                           	
                              
                           
                           6.

                           
                        
                        	
                              
                           
                           Gentamycin or tobramycin

                           
                        
                        	
                              
                           
                           IV(if Crcl>60ml/min)

                           
                        
                        	
                              
                           
                           6-7mg/kg

                           
                        
                        	
                              
                           
                           q24hrly

                           
                        
                     

                     
                           	
                              
                           
                           7.

                           
                        
                        	
                              
                           
                           Imipenem

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           500mg

                           
                        
                        	
                              
                           
                           q6hrly

                           
                        
                     

                     
                           	
                              
                           
                           8.

                           
                        
                        	
                              
                           
                           Meropenem

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           1gm

                           
                        
                        	
                              
                           
                           q8hrly

                           
                        
                     

                     
                           	
                              
                           
                           9.

                           
                        
                        	
                              
                           
                           Piperacillin/Tazobactam

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           4.5mg

                           
                        
                        	
                              
                           
                           q6hrly

                           
                        
                     

                     
                           	
                              
                           
                           10.

                           
                        
                        	
                              
                           
                           Ticarcillin/clavulanate

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           3.1gm

                           
                        
                        	
                              
                           
                           q4-6hrly

                           
                        
                     

                     
                           	
                              
                           
                           11.

                           
                        
                        	
                              
                           
                           Vancomycin

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           25mg/kg loading dose , f/b 15mg/kg

                           
                        
                        	
                              
                           
                           q12hrly

                           
                        
                     

                     
                           	
                              
                           
                           12.

                           
                        
                        	
                              
                           
                           Metronidazole

                           
                        
                        	
                              
                           
                           IV

                           
                        
                        	
                              
                           
                           500mg

                           
                        
                        	
                              
                           
                           q12hrly

                           
                        
                     

                  
               

            

            

            

            
                  
                  Table 5

                  Chemotherapeutic agents induced thrombocytopenia

               

               
                     
                        
                           	
                              
                           
                           S.NO

                           
                        
                        	
                              
                           
                           Agents

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           Dacarbazine

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           Carboplatin

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           5-flurouracil

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           Lomustine

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           Mitomycin

                           
                        
                     

                     
                           	
                              
                           
                           6.

                           
                        
                        	
                              
                           
                           Thiotepa

                           
                        
                     

                  
               

            

            

            

            
                  
                  Table 6

                  Chemotherapeutic agents induced Oral mucositis

               

               
                     
                        
                           	
                              
                           
                           Alkylating agents 

                           
                        
                        	
                              
                           
                           Athracyclines

                           
                        
                        	
                              
                           
                           Antimetabolites

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Busulfan, procarbazine

                           
                           Cyclophosphamide, Thiotepa 

                           
                        
                        	
                              
                           
                           Doxorubicin

                           
                           Epirubicin daunorubin

                           
                            

                           
                        
                        	
                              
                           
                           5-Florouracil, Hydroxyurea

                           
                           Methotrexate

                           
                        
                     

                     
                           	
                              
                           
                           Antitumor antibiotics 
                           

                           
                           Actinomycin D 

                           
                           Mitomycin

                           
                            

                           
                        
                        	
                              
                           
                           
                              Taxanes
                              
                           

                           
                           Paclitaxel

                           
                        
                        	
                              
                           
                           Vinca alkaloids 
                           

                           
                           Vinblastin 

                           
                           Vincristine 

                           
                        
                     

                  
               

            

            

            
                  
                  Table 7

                  Risk of emesis with chemotherapeutic agents  

               

               
                     
                        
                           	
                              
                           
                           Emetic Risk

                           
                        
                        	
                              
                           
                           Chemotherapeutic agents

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           High 

                           
                        
                        	
                              
                           
                           Cisplatin, Streptozotocin, Dacarbazine, Carmustine, Dactinomycin Cyclophosphamide Mechlorethamine.

                           
                        
                     

                     
                           	
                              
                           
                           Moderate risk (30 to 90%)

                           
                        
                        	
                              
                           
                           Oxaliplatin, Cytarabine (> 1000 mg/m2), Carboplatin, Ifosfamide, Doxorubicin, Daunorubicin, Epirubicin, Idarubicin, Irinotecan.

                           
                        
                     

                     
                           	
                              
                           
                           Low risk (10% to 30%)

                           
                        
                        	
                              
                           
                           Paclitaxel, Docetaxel, Mitoxantrone, Topotecan, Etoposide, cetuximab, Pemetrexed, Methotrexate, Mitomycin, Gemcitabine.

                           
                        
                     

                     
                           	
                              
                           
                           Minimal risk 

                           
                        
                        	
                              
                           
                           Bevacizumab, Bleomycin, Busulfan, Fludarabine, Vincristine, Vinorelbine, Vinblastine,

                           
                           2-Chlorodeoxyadenosine, Rituximab. 

                           
                        
                     

                  
               

            

            

            
                  
                  Table 8

                  Neurotoxicity inducing chemotherapeutic drugs

               

               
                     
                        
                           	
                              
                           
                           Acute myelopathy 

                           
                        
                        	
                              
                           
                           Encephalopathy

                           
                        
                        	
                              
                           
                           Cranial nerve toxicity 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Intrathecal adminsrartion of: cytarabine

                           
                           methotrexate

                           
                           thiotepa 

                           
                        
                        	
                              
                           
                           Carmustine 

                           
                           Cisplatin 

                           
                           Ifosamide

                           
                        
                        	
                              
                           
                           Carmustine 

                           
                           Vinblastine 

                           
                           Cisplatin 

                           
                           Vincristine 

                           
                        
                     

                     
                           	
                              
                           
                           Autonomic neuropathy 
                           

                           
                           Vindesine 

                           
                           Paclitaxel 

                           
                           Vinblastine 

                           
                           Procarbazine 

                           
                           Cisplatin 

                           
                        
                        	
                              
                           
                           Cerebellar syndrome 
                           

                           
                           5-Flurouracil

                           
                           Oxaliplatin 

                           
                            Cytarabine 

                           
                        
                        	
                              
                           
                           Peripheral Neuropathy 
                           

                           
                           Vincristine 

                           
                           Carboplatin 

                           
                           Vindesin 

                           
                           Procarbazine

                           
                           Oxaliplatin 

                           
                           Paclitaxel 

                           
                        
                     

                  
               

            

            

            
                  
                  Table 9

                  Chemotherapeutic agents induced peripheral Neuropathy Toxicities WHO scale Grading

               

               
                     
                        
                           	
                              
                           
                           Gading Scale

                           
                        
                        	
                              
                           
                           Description

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Grade 0

                           
                        
                        	
                              
                           
                           - 

                           
                        
                     

                     
                           	
                              
                           
                           Grade 1

                           
                        
                        	
                              
                           
                           Paraesthesia- tingling/ pricking sensation

                           
                        
                     

                     
                           	
                              
                           
                           Grade 2

                           
                        
                        	
                              
                           
                           Progression of grade 1 condition, weakness

                           
                        
                     

                     
                           	
                              
                           
                           Grade 3

                           
                        
                        	
                              
                           
                           Progression of grade 2 condition, numbness, unbearable weakness.

                           
                        
                     

                     
                           	
                              
                           
                           Grade 4

                           
                        
                        	
                              
                           
                           Paralyzing of body

                           
                        
                     

                  
               

            

            

            

            
                  
                  Table 10

                  Management of chemotherapeutic agents induced peripheral neuropathy  

               

               
                     
                        
                           	
                              
                           
                           Drug

                           
                        
                        	
                              
                           
                           Dosage

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Anti depressants

                           
                        
                        	
                              
                           
                           Amitriptyline 10mg daily with dose.

                           
                        
                     

                     
                           	
                              
                           
                           Venlafaxine 50mg 1hr before to Oxaliplatin infusion. 

                           
                        
                     

                     
                           	
                              
                           
                           Antiepileptic

                           
                        
                        	
                              
                           
                           Gabapentin 300 mg.

                           
                        
                     

                     
                           	
                              
                           
                           Lamotrigne 25 mg at bed time 

                           
                        
                     

                     
                           	
                              
                           
                           Topical

                           
                        
                        	
                              
                           
                           Baclofen + Amitriptyline and Ketamine gel 

                           
                        
                     

                     
                           	
                              
                           
                           Amitriptyline and Ketamone Cream 

                           
                        
                     

                  
               

            

            

            
                  
                  Table 11

                  Drugs Induced Pulmonary Toxicities  

               

               
                     
                        
                           	
                              
                           
                           S.NO

                           
                        
                        	
                              
                           
                           Agents

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                        
                        	
                              
                           
                           Procarbazine 

                           
                        
                     

                     
                           	
                              
                           
                           2.

                           
                        
                        	
                              
                           
                           Azathioprine

                           
                        
                     

                     
                           	
                              
                           
                           3.

                           
                        
                        	
                              
                           
                           Bleomycin

                           
                        
                     

                     
                           	
                              
                           
                           4.

                           
                        
                        	
                              
                           
                           Methotrexate 

                           
                        
                     

                     
                           	
                              
                           
                           5.

                           
                        
                        	
                              
                           
                           Vinca alkaloids

                           
                        
                     

                     
                           	
                              
                           
                           6.

                           
                        
                        	
                              
                           
                           Methotrexate 

                           
                        
                     

                     
                           	
                              
                           
                           7.

                           
                        
                        	
                              
                           
                           Procarbazine 

                           
                        
                     

                     
                           	
                              
                           
                           8.

                           
                        
                        	
                              
                           
                           Carmustine 

                           
                        
                     

                     
                           	
                              
                           
                           9.

                           
                        
                        	
                              
                           
                           Mitomycin

                           
                        
                     

                     
                           	
                              
                           
                           10.

                           
                        
                        	
                              
                           
                           Cyclophosphamide

                           
                        
                     

                  
               

            

            

            

            
                  
                  Table 12

                  Drugs induced cardiac Toxicities

               

               
                     
                        
                           	
                              
                           
                           S. NO

                           
                        
                        	
                              
                           
                           Agent

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                           2.

                           
                           3.

                           
                           4.

                           
                           5.

                           
                           6.

                           
                           7.

                           
                        
                        	
                              
                           
                           Cyclophosphamide 

                           
                           Ifosfamide 

                           
                           5- fluorouracil

                           
                           Paclitaxel

                           
                           Carmustine

                           
                           Docetaxel

                           
                           Epirubicin

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

            

            

            
                  
                  Table 13

                  Chemotherapeutic agents induced Renal Toxicities agents

               

               
                     
                        
                           	
                              
                           
                           Alkylating & Platinating agents

                           
                        
                        	
                              
                           
                           Antimetabolites

                           
                        
                        	
                              
                           
                           Miscellaneous

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Chlorethylnitrosoureas

                           
                           Carmustine

                           
                           Semustine

                           
                           Cisplatin

                           
                           Carboplatin

                           
                           Ifosfamide

                           
                        
                        	
                              
                           
                           Azacitidine

                           
                           Gemcitabine

                           
                           Methotrexate

                           
                           Pentostatin

                           
                            

                           
                        
                        	
                              
                           
                           Diaziquone

                           
                           Interferon –Alpha

                           
                           Mitomycin 

                           
                        
                     

                  
               

            

            

            
                  
                  Table 14

                  Causes of Hemorrhagic cystitis Agents

               

               
                     
                        
                           	
                              
                           
                           S. NO

                           
                        
                        	
                              
                           
                           Agents

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1.

                           
                           2.

                           
                           3.

                           
                           4.

                           
                           5.

                           
                           6.

                           
                        
                        	
                              
                           
                           Ifosfamide

                           
                           Cyclophosphamide

                           
                           Busulphan

                           
                           Thiotepa

                           
                           Temozolomide

                           
                           9-Nitrocampthothecin

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                  
               

            

            

            

            
               Management
               
            

            
                  
                  	
                     Blood transfusion 

                  

                  	
                     Recombinant human erythropoietin, darbepoetin alfa and epoetin alfa & beta

                  

                  	
                      Identifying and resolving underlying causes.

                  

               

            

            
               Neutropenia
               
            

            Chemotherapeutic agents induced neutropenia is a life threatening toxicity and listed in Table  3. Neutropenia is nothing but reduced neutrophil cells. Absolute neutrophil count (ANC) <1500 cells/mm3 and can be graded based
               on the severity as 15.
            

            
                  
                  	
                     Mild or acute

                  

                  	
                     Moderate

                  

                  	
                     Sever (<500cells/mm3)

                  

               

            

            
               Management
               
            

            Mild neutropenia should be given with antibiotics listed in Table  4  and severe neutropenia (>20% risk) should be managed with the transfusion of colony stimulating factors such as G-CSF and
               GM-CSF 16. The recommended dosage of G-CSF is 5 mcg/kg/day, and for GM-CSF, 250 mcg/m2/day administered through the subcutaneous or
               intravenous route along with the antibiotic drug regimen 17.
            

            Thrombocytopenia 
            

            Thrombocytopenia can be caused by myelosuppressive due to different types of cancer treatment agents listed in Table  5. In adequate chances of bleeding, platelets or thrombocyte cell count falls below the level of 50,000cells/mm3 and if the
               platelet count would be less than 20,000cells/mm3 considered as severe 18.
            

            
               Management
               
            

            Initial and middle stage of thrombocytopenia is treated by the blood platelet transfusion at the rate of 4 to 6 units if a
               random donor and 1 unit in individual donor aphaeresis 19.
            

            Gastrointestinal toxicities 
            

            GI toxicity is also one of the commonly a raised obstacle of cancer therapy that can lead to the different kind of unwanted
               effects like diarrhea, constipation, nausea & vomiting, weight loss, pain, and infections causing remarkably trouble to the
               patients' improvement due to dose adjustments and interrupting the therapy 20.
            

            Oral mucositis 
            

            Among the frequent toxicities of chemotherapeutic agents, induced oral mucositis is listed in Table  6 21 and characterized by the infiltration of inflammatory cells leading to epithelial disruption and ulceration. Habitually the
               oral mucositis occurs within 4-7 days following the administration of a elevated dose regimen and subsided 2-4 weeks following
               the treatment is succeeded 22. Oral mucositis severity is graded into Grade 1,2,3,4,5 based on the seriousness according to the using National Cancer Institute
               CTCAE 23.
            

            
               Management
               
            

            Oral mucositis was managed by reducing the dose of certain chemotherapeutic agents, it maintains dental hygiene and early
               detection mandatory 24. During chemotherapy, saprophytic bacteria, these type of infections should resolved by the administration of penicillin
               in combination with metronidazole, is an appropriate oral mucositis treatment. Secondary oral mucositis infection should be
               managed with anti fungal therapy either topical or systemic drug therapy, antifungal treatment for oral candidiasis, included
               fluconazole with the dose of 100 mg/day, or ketoconazole with the dose of 200 mg/day. If in case the infection resistance
               to the above drugs, the use of itraconazole with the dose of 200-400 mg/day is highly recommended 24.
            

            
               Nausea & Vomiting
                
               
            

            Nausea & vomiting are the commonest toxicities that occur by receiving chemotherapeutic agents listed in Table  7 25. Pathophysiology of CINV Cytotoxic agents can damage the GI tract initially, principal neurotransmitter (substance P) involved
               in delayed CINV. Anti cancer drugs triggers the principal neurotransmitter release that bind to NK-1 receptors that results
               in nausea and vomiting 26. CINV is predominantly classified as 27.
            

            
                  
                  	
                     Acute

                  

                  	
                     Delayed 

                  

                  	
                     Anticipatory

                  

                  	
                     Breakthrough/refractory 

                  

               

            

            
               CINV Management
               
            

            Nausea and Vomiting were managed by reducing the dose of certain chemotherapeutic agents, or by utilizing the antiemetic drugs.
               Dopamine receptor antagonists like Prochlorperazine and chlorpromazine which are frequently consumed antiemetic drugs given
               as dose of 5to 10 mg TID / day or QID / day orally to a maximum of 40 mg/ day through intramuscular route and dose of 10to
               25 mg every 4 to 6 hours through oral route respectively 28. One more class of drugs Selective 5HT3 receptor antagonists drugs like ondansetron and granisetron are also recommended
               with dose of ondansetron is 4–8 mg given OD/BD/day and granisetron, 200 mg once a day orally 29.
            

            Nervous System Toxicity 
            

            Chemotherapeutic agents induced peripheral neuropathy is one of the most persistent toxicities caused by anti-neoplastic listed
               in Table  8 30, 31  and WHO grading scale mentioned in Table  9. The management of peripheral neuropathy listed in Table  10 32, 33.
            

            
               Pulmonary Toxicities
               
            

            Chemotherapeutic agents may effects either of epithelial or endothelial cells of the lung tissue as unmediated or secondarily
               34 and drugs for reason was listed in Table  11 35. 
            

            Clinical manifestations of this toxicity includes the effects like lung fibrosis, non-cardiogenic pneumonitis and edema of
               lung etc. Numerous patients have characteristics of clinical features and pathological findings related to greater than one
               kind of toxicity. Anti cancer drugs which resulting the pulmonary toxicities are given. 
            

            
               Management of pulmonary fibrosis
               
            

            Bleomycin induced pulmonary fibrosis, they initially treated by using prednisone at 0.75 to 1 mg/kg. Followed by 4 - 8 weeks,
               the dose would be tapered unceasingly over a supplementary of 4 - 6 months, following the patient’s clinical state and response
               36.
            

            
               Cardiac toxicities 
               
            

            Cardiomyopathy is the most frequent Chemotherapeutic Agents induced cardiac toxicity that causes epigenetic changes resulting
               abnormal cell signaling that finally leads to CV dysfunction, cardiomyocyte apoptosis and cardiomyopathy and so on 37 and the agents listed in Table  12.
            

            
               Management of cardiac toxicities
               
            

            The initial plan of action for the management cardiac toxicity is through the early detection of the condition and rather
               immediate treatment with ACE inhibitors like enalapril 2.5–20 mg per day and or Beta blocker carvedilol 12.5–50 mg per day
               and also using anti-oxidants like Probucol and vitamin E will benefit 38.
            

            
               Renal Toxicities 
               
            

            Chemotherapeutic agents-induced nephrotoxicity is the crucial object of morbidity and mortality among cancer victims listed
               in Table  13 39. Chemotherapy damages the structures and blood vessels of kidney resulting the toxic effect due to their active metabolites
               40.
            

            
               Management of Renal Toxicities
               
            

            Chemotherapy induced renal toxicities are managed by Thiophosphate Cytoprotectants like Amifostine and monitor the creatinine
               clearance frequently 41.
            

            Urinary Tract Toxicity 
            

            Chemotherapeutic agents induced urinary bladder hemorrhagic cystitis it ranges from renal tubular damage by cisplatin and
               ifosfamide (Table  14) 42  pathogenesis of this toxicity was followed by the formation of active metabolite of chemotherapeutic drug, that too main
               element was acrolein. Acrolein was a urotoxic metabolite that acts on the urinary bladder epithelial layer it leads to hemorrhagic
               cystitis 43.
            

            Management of Hemorrhagic cystitis 
            

            Management of hemorrhagic cystitis using Acrolein conjugator, MESNA and the use of MESNA and hydration therapy considerably
               lessen the risk of bladder toxicity with Ifosamide or Cyclophosphamide and if it is severe, cystectomy is recommended. While
               radiation induced hemorrhagic cystitis treated with aminocaproic acid and prostaglandin and if it is severe, surgery is recommended
               42.
            

         

         
               Conclusion

            Even though many advance treatment choices are accessible to treat carcinoma, the toxic effects of cytotoxic drugs worsen
               the effectiveness of treatment. Rapidly proliferating tissue sites are the main sites affected with toxicities such as Bone
               marrow, GI tract and sebaceous follicles. In addition to the effective treatment, the management of toxicities should also
               be focused because they not only effect the patient treatment but also the quality of life. Finally, there is a need to improve
               tolerability and reduce sequelae. It is an essential need for more discoveries of newer chemotherapeutic drugs which combat
               these general toxicities and improves patient’s wellbeing.
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