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Abstract

Introduction: Chemotherapy-induced neutropenia (CIN) is one of the most common side effect in breast cancer patients receiving myelosuppressive chemotherapy like paclitaxel which adversely affect patient outcomes.  
Material and methods: A single centre, retrospective, observational study was conducted on 210 breast cancer patients with prior adequate bone marrow, hepatic and renal functions, receiving Paclitaxel as neoadjuvant or adjuvant or palliative chemotherapy from January, 2018 to April, 2019 at State Cancer Institute,Guwahati. Patients with past history of taking immunosuppressive agents, immunodeficiency status, haematological disease, any intercurrent illness etc were excluded. Paclitaxel were given in 4 dosage regimens (175mg/m2) 2weekly; therefore total 836 cycles were observed for 210 patients while 4 patients did not complete last cycle due to peripheral neuropathy.
Results: Average age of the patients was 49.44± 9.13 yrs. Among 210 patients, 82 patients presented with neutropenia (39.02%) while total episodes of neutropenia were 128 (15.31%). 7 patients presented with FN out of 82 patients received paclitaxel (8.54 %). Prior incidence of CIN, advanced age, poor performance status and lower baseline Hb% were found as risk factors for CIN.
Conclusion: Incidence of CIN and CIN episodes was found to be 39.02% and 15.31% respectively in our study. Hence judicious use of G-CSF as prophylaxis in our populations with close monitoring and as needed may be undertaken. However, the limitations of our study was small sample size. Hence further studies are necessary in a large scale populations to confirm the findings of our study.
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INTRODUCTION
Breast cancer is the most commonly occurring cancer in women both in developed and developing countries like India and the second most common cancer worldwide after lung cancer. According to GLOBOCAN 2018 statistics there were over 2 million new cases of breast cancer in 2018 worldwide.1 Indian Council for Medical Research [ICMR] has reported 1.5 lakhs new breast cancer cases in India per year. Chemotherapy is one of the mainstays in the management of breast cancer. Paclitaxel is an effective anticancer agent derived from the bark of Taxus brevifolia Nut (Taxaceae) and form the one of the most commonly use chemotherapeutic agent in breast cancer management in various settings like as neo-adjuvant, adjuvant or palliative setting.2 Myelosuppression is a major dose limiting side effect of paclitaxel manifested as anaemia, neutropenia, thrombocytopenia or combination of any of these. Paclitaxel induces troublesome neutropenia of grade 3-4 in the dose range of 150-250 mg/m2 in more than 50% of the patients. According to the Common Terminology Criteria for Adverse Events version 4.0 (CTCAE v 4.0), neutropenia is defined by a granulocyte count below 1.5×109/L (Table 1). Chemotherapy-induced neutropenia (CIN) increases the risk of infection which is typically manifested by fever. When neutropenic patient develops fever i.e febrile neutropenia (FN), the likelihood of infection and serious consequences often necessitates immediate hospitalizaon for urgent evaluation, ongoing monitoring and administration of empirical broad-spectrum intravenous antibiotics.3 The management of CIN often mandate use of colony stimulating factors other than chemotherapeutics dose reduction, dose delay and/or discontinuation of  chemotherapeutic agents which seriously  interfering with the delivery of optimal treatment and possibly adversely aﬀecting patient outcome.4,5 
State cancer Institute, Guwahati is one of the tertiary care oncology centers of North Eastern region of India providing comprehensive oncology services to the patients from entire NE regions however data regarding neutropenia in breast cancer patients from this part of India is limited. With the knowledge from the existing literature, we have aimed to investigate – 	
1. The profile of CIN in breast cancer patients receiving paclitaxel.
2. The use of Granulocyte colony stimulating factor (G-CSF) in neutropenic breast cancer patients of north-east populations receiving Paclitaxel as chemotherapy.
3. To evaluate the association of CIN with other baseline patient characterstics.
MATERIAL AND METHODS:
The present study is a single centre hospital based retrospective observational study carried out at State Cancer Institute (SCI), Guwahati. 
Study population:
All breast cancer patients with adequate baseline bone marrow, hepatic and renal functions who develop neutropenia after receiving paclitaxel as neoadjuvant or adjuvant or palliative chemotherapy under Medical Oncology department at SCI, Guwahati from January, 2018 to April, 2019 over a period of 16 months were included in the study. Patient with history of taking immunosuppressive drug or patient with immunodeﬁciency status or any hematological diseases or any intercurrent illness were excluded from the study. 
Paclitaxel was given for 4 cycles at a dose of 175mg/m2/cycle. Long acting G-CSF e.g. injection peg-filgrastin 6mg was used subcutaneously for both primary and secondary prophylaxis of neutropenia while short acting G-CSF e.g. injection filgrastin 300 mcg was used for treatment of neutropenia for a duration of 7-10 days or till ANC > 3000/dl.
We retrieved the data by reviewing the patient’s file from medical records department of SCI, Guwahati in following aspects 
1. Patient’s characteristics: age, sex, menopausal status, ECOG PS, chemotherapy setting, laboratory parameters.
2. Neutropenic status: symptomatology, grade of neutropenia, episodes of FN.
3. Subsequent dose reduction, dose delay or suspension of chemotherapy in neutropenic patients.
4. Use of G-CSF.
Table 1: CTCAE V 4.0 grading of CIN
	Grade of Neutropenia
	Absolute Neutrophil count 

	Grade 1
	LLN-1500/µL

	Grade 2
	1000-1500/ µL

	Grade 3
	500-1000/ µL

	Grade 4
	<500/ µL



Statistical analysis:
Baseline characteristics of the study participants are expressed in mean ± SD. Correlations were observed by using Pearson’s correlation co-eﬃcient. The results were considered signiﬁcant when the probability (p value) was less than 0.05 % of the observed values of “t” at a particular degree of freedom. Statistical analysis was done using GraphPad InStat version 3.00. All the statistical graphs were prepared using Microsoft Excel 2007.

RESULTS AND OBSERVATIONS:
A total of 210 breast cancer patients were included in the study with a mean age of 49.44± 9.13 years at diagnosis. Female to male ratio was 208:2. Majority of female patients were postmenopausal (56.19%). Total 836 cycles of paclitaxel were observed in 210 patients with 4 patients did not complete last cycle due to peripheral neuropathy. (Table 2, 3)

Table 2: Baseline clinical characteristics
	Serial No.
	Parameters
	Number (%)

	1.
	Total number of patients Included
	210

	2.
	Age of presentation (years)
	49.44±9.13 years

	3.
	Sex:

	
	Male
	2

	
	Female
	208

	4.
	Menopausal status:

	
	Premenopausal
	43.81%

	
	Postmenopausal
	56.19%

	6.
	Baseline receptor Status 

	
	HR positive
	117 (55.71%)

	
	Her2neu positive
	65 (31.42%)

	
	TNBC
	43 (20.47%)

	
	Combined HR & Her2neu positive
	83 (39.52%)

	7.
	Baseline haematological parameters	

	
	Hemoglobin (gm%)
	11.2±2.1 gm%

	
	Total count (109/L)
	7.6±3.3 ×109/L

	
	Platelet count (109/L)
	2.8±1.45 × 109/L




Incidence of CIN: 
Among 210 breast cancer patients who received palcitaxel, 82 patients (39.05%) developed CIN. Total 128(15.24%) episodes of CIN were documented. Majority of neutropenic breast cancer patients had triple negative disease (n=27, 32.93%) and majority (n=48 episodes, 38.28%) received paclitaxel in palliative setting followed by adjuvant (31.42%) and neoadjuvant (29.52%) setting. Grade I neutropenia (51.22%) was most common among neutropenic patients followed by Grade III (18.29%) and Garde II neutropenia (17.07%). Total 7 (8.54%) patients presented with FN. Among 7 FN patients, 6 had grade IV neutropenia while 1 patient had grade 3 neutropenia. (Figure 1, Table 3)








Figure 1: Receptor status in Neutropenic patients
Abbreviations: HR, Hormone receptor; Her2neu,Human epidermal growth factor 2; TNBC, Triple negative breast cancer
Most of the CIN patients were asymptomatic at presentation while 9 patients present with fever and 3 patients presented with diarrhea.
Table 3: Neutropenic events in the present study
	Serial no.
	Parameters
	No.(n=210)

	1.
	Total no. of patients developing CIN 
	82 (39.05%)

	2.
	Grades of Neutropenia

	
	Grade I 
	42 (51.22%)

	
	Grade II 
	14 (17.07%)

	
	Grade III 
	15 (18.29%)

	
	Grade IV
	11 (13.41%)

	3.
	Total episodes of CIN 
	128 (15.24%)

	4.
	Patients presented with FN
	7 (8.54%)

	5.
	Chemotherapy setting in Neutropenic patients 

	
	Neoadjuvant
	37 (28.90%)

	
	Adjuvant
	43 (33.59%)

	
	Palliative
	48 (37.5%) 



Risk factors of CIN: 
Patient with advanced age (>60 years), poor PS (≥2), comorbidity like baseline anemia and neutropenia and disease in advanced stage (i.e receieving chemotherapy in palliative setting) are at a higher risk of developing CIN. (Table 4)
Table 4: Association of CIN with other baseline factors:
	Parameters
	
	No. Of CIN patients 
	P value

	Age group 
	< 40 years
	12 (14.63%)
	P=0.038
r=0.39

	
	40-60 years
	26 (31.7%)
	

	
	>60 years 
	44 (53.65%)
	

	Baseline Hb status (%)
	8-10 %
	61 (74.39%)
	P=0.022
r=0.55

	
	< 8gm %
	21 (25.60%)
	

	History of prior CIN
	
	38 (46.38%)
	


Impact of CIN on chemotherapy schedule and use of G-CSF: 

Patients with FN were hospitalized and treated with injectable antibiotics and G-CSF support as per institutional protocol with temporary suspension of chemotherapy. Patients with grade III CIN, received G-CSF and in them chemotherapy schedule was delayed. Patient with grade 2 CIN received chemotherapy at a reduced dose while there is no dose reduction or delay in grade I CIN. 

Table 5: Neutropenic episodes following paclitaxel chemotherpy in the study:
	
	Following C1
	Following C2
	Following C3
	Following C4
	Total(n)

	Grade 1
	2
	19
	17
	4
	42

	Grade 2
	2
	7
	4
	1
	14

	Grade 3
	1
	4
	8
	2
	15

	Grade 4
	1
	3
	6
	1
	11

	Total 
	6
	33
	35
	8
	82


Among the 82 patients who developed CIN, 25 patients (30.49%) experienced dose delay while 14 patients (17.07%) experienced dose reduction. There was greater occurrence of neutropenia following 3rd cycle followed by 2nd cycle of paclitaxel (Table 5). A mean duration of neutropenia was 5±3 days. CIN was found to be the most common cause of temporary suspension of chemotherapy (Figure 2), a delay of about 7±2 days occurred between cycles. In no patient chemotherapy was completely discontinued due to CIN.  
 

Figure 2: Reason for delay between the chemotherapy cycles
Abbreviations: CIN, chemotherapy induced neutropenia; FN, febrile neutropenia.
In the present study, G-CSF was used in highest number for secondary prophylaxis (n=23, 28.05%) of neutropenia followed by treatment of neutropenia (n=15, 18.29%) while only 1 patient received G-CSF for primary prophylaxis of neutropenia (Table 6).
       Table 6: Use of G-CSF in various setting in the study
	Indication of G-CSF in Neutropenic patients 
	Number (%)

	Primary prophylaxis
	1 (1.22%)

	Secondary propylaxis
	23 (28.04%)

	Treatment of neutropenia
	15 (18.29%)


DISCUSSION: 
Breast cancer is the 2nd most common cancer worldwide and most common cancer in female. In general, breast cancer has been reported to occur a decade earlier in Indian patients compared with their Western counterparts. Although the majority of patients with breast cancer in Western countries are postmenopausal and in their 60s and 70s, the picture is quite different in India.6,7 More than 80% of Indian patients are younger than 60 years of age.8 The average age of patients with breast cancer has been reported to be 50 to 53 years in various population based studies done in different parts of the country.9,10  In the present study we have documented a median age of 49.33± 9.13 years which is similar to the study by Gogia A et.11 In studies from Western countries, the median age of presentation was 55 to 60 years.6,7 The present study documented that approximately 43.81% of patients were premenopausal and 56.19% were postmenopausal, whereas studies from the Western world documented 70% to 80% postmenopausal patients.6,7
In this study, HR (ER and/or PR) was positive in 55.71% (n=117) of patients, previous studies documented approximately 49% to 68% of HR positive status.6,7,11 The incidence of TNBC in the present study was 20.47% (n=43) which is higher compared to the study by Kunikullaya SU et al (16%).12
The development of neutropenia during chemotherapy is influenced as much as by the characteristics of the drug used as by the conditions presented by the patient. Although the risk factors for neutropenia during chemotherapy with paclitaxel in breast cancer patients is not well defined, current studies found advanced age (> 60 years), low ECOG PS (≥2), reduction in haemoglobin and total count prior to starting paclitaxel as a major risk factor for development of subsequent CIN. 
The incidence of neutropenia in the present study was 39.02% (n=82) which is quite different as reported by other researcher e.g. 10-34% by Schwenkglenks M et al and Chia VM et al, 46.4% by Xuan Ye et al in Chinese patients, 50.50% by Yasunori Hashiguchi et al in Japanese patients and 63.3% by Talita Gracia do Nascimento et al in Brazilian patients.13,14,15, 16, 17 Incidence of FN in the present study was 8.54% while it was 6.9% in the study by Yasunori Hashiguchi et al.16 In our study we found that neutropenia was more when paclitaxel was used in palliative setting but Talita Gracia do Nascimento et al in their study found that it was common in adjuvant setting.17 Among the 128 episodes of neutropenia, grade 1 neutropenia was most common followed by grade 3 and grade 2 which was similar to the study by Talita Gracia do Nascimento et al.17 There was greater occurrence of neutropenia following 2nd and 3rd of paclitaxel in the present study while Derek Weycker et al in his study found that it was common following 3rd cycle of chemotherapy.18 In the present  study G-CSF was used in highest number (n=23, 28.05%) as secondary prophylaxis for neutropenic patients which is similar to findings in the study by Derek Weycker et al but Xuan Ye et al in his study on Chinese patients found that use of G-CSF was highest in treatment of CIN and lowest as secondary prophylaxis (1.9%).18, 15 CIN was the most common cause of temporary suspension of chemotherapy (28.05%) which is similar to the study by Xuan Ye et al.15 The mean duration of neutropenia was 5±3 days which is similar to the study by Yasunori Hashiguchi et al.16

CONCLUSION:
In the study we have found that majority of the patient were younger age and premenopausal at presentation and in the productive years of their life. CIN is fairly common in breast cancer patients receiving paclitaxel, by identifying risk factors, such as elderly age group, baseline anaemia, poor performance status, disseminated disease, and distant metastatic disease, the safe management of chemotherapy-induced neutropenia may be possible in patients. Although delays or reductions of chemotherapy dose minimize the myelotoxicity but these actions can impact negatively on the result of the treatment, on overall survival and must be avoided as much as possible.
Limitation of the study: A limitation in our study is that the study population was less so we advocate for further studies with a large number of patients over a larger duration of period.
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