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Abstract
Background:Chemotherapy-induced neutropenia as a major toxicity of systemic chemotherapy is commonly 
associated with substantial mortality and morbidity, and thus identifying its determinants is necessary. This study 
was undertaken to identify main risk factors of severe neutropenia following adjuvant chemotherapy treatment in a 
community-based population of patients with cancer in Semnan, Iran. 
Materials and methods: This prospective study included 828 consecutive patients with histologically proven 
primary or metastatic solid tumors who received chemotherapy. Demographics data, disease characteristics, and 
co-morbidities (including current smoking and diabetes) were collected by face to face interviews with the patients 
and also by referring to their laboratory data and files. Patients underwent complete blood count a week after the 
first chemotherapy course. 
Results: Based on the nadir value of the absolute neutrophil count (ANC), 30 patients (3.6%) had severe neutropenia. 
Multivariable logistic regression analysis showed that advanced age (OR = 5.262, p = 0.012), and the presence of 
diabetes mellitus (OR = 8.126, p = 0.015) were the main determinants for the appearance of severe neutropenia with 
the presence of demographics and studied co-morbidities as confounders. 
Conclusion: We identified advanced age and the presence of diabetes as the main determinants of high-grade 
neutropenia in solid tumor patients receiving adjuvant chemotherapy in our study population. 
Keywords: Neutropenia, solid tumor, chemotherapy.

Introduction
lChemotherapy is considered to be a complex 

and prolonged regimen that includes various agents 
given alone or in combination repeatedly, over a 
prolonged period e.  This  therapeutic  regimen  is  
usually  intense  and  dosage  reduction  is  seldom 
considered.  This intensive treatment might cause 
serious complications namely anemia, neutropenia, 
and thrombocytopenia and their associated side-
effects including fatigue, infection, and bleeding 1. 

Chemotherapy-induced neutropenia as a major 
toxicity of systemic chemotherapy is commonly 
associated with substantial mortality and morbidity.  
It  can  necessitate hospitalization for evaluation 
and empiric broad-spectrum antibiotics  therapy 
due  to  its  concomitant  morbidities  such  as  fever 

and  bacteremia 2. Multiple studies over the past 30 
years have demonstrated that different aspects of 
health-related quality of life including activities of 
daily living and also participation in activities that 
give meaning and value to a person’s life are affected 
by the treatment-related side-effects of cancer 
such as neutropenia 3. Hence, determining main 
risk factors for severe neutropenia is necessary to 
prevent its related life-threatening complications. 

Review of literature indicated a wide spectrum 
of risk factors for severe neutropenia in various 
types of tumors, such as advanced age, female 
sex, poor performance status, poor nutritional 
status, and low baseline and first-cycle nadir blood 
cell counts along with high chemotherapy dose 
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intensity 4-9. It seems that the main risk profile of 
severe neutropenia  can  be  classified  based  on  
disease,  patient  characteristics,  and  the type  of 
treatment 10-12. 

This study was undertaken to identify main 
determinants of severe neutropenia following 
chemotherapy treatment in a community-based 
population of patients with cancer in Semnan, Iran. 
We especially studied the role of demographics as 
well as some factors such as cigarette smoking and 
diabetes mellitus in causing neutropenia. 

Materials and methods
This prospective study included 828 consecutive 

patients who received chemotherapy at 
the general hospitals of Semnan city from 

September 2006 to May 2010. All patients with 
histologically proven primary or metastatic solid 
tumors were enrolled. Informed consent was taken 
from patients, parents, or their guardians.  Patients 
were treated with chemotherapy as adjuvant or 
for metastatic disease. All data were recorded 
on the first cycle of the selected chemotherapy 
regimen only. The study was approved by the 

ethics committee of the internal review board 
of the Semnan University of Medical Sciences. 
Demographics data, disease characteristics, and 
co-morbidities (including current smoking and 
diabetes) were collected by face to face interviews 
with the patients and from their laboratory data 
and files. Current cigarette smoking was defined as 
regular smoking a tobacco product/products one or 
more times per day or smoking in the 30 days prior 
to admission 13. Diabetes mellitus was defined as 
the presence of the symptoms of diabetes plus at 
least one of the following criteria: plasma glucose 
concentration ≥11.1 mmol/l, fasting plasma 
glucose ≥7.0mmol/l, and 2-hpp ≥11.1 mmol/l 14. 
Patients underwent complete blood count a week 
after the first chemotherapy course.  Primary 
outcome including severe neutropenia (nadir value 
of the absolute neutrophil count (ANC) < 500/μL) 
was determined, and the study objective was to 
describe the incidence of severe neutropenia risk 
factors. Data were presented as mean ± standard 
deviation (SD) for quantitative variables and 
were summarized by absolute frequencies and 
percentages for categorical variables. 

Ghahramanfardi et al.

Figure 1: Age distribution of participants with different types of cancers.
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Main Determinants of Severe Neutropenia in Patients with Solid Tumors

Categorical variables across the study groups 
were compared using the Chi-square test or Fisher’s 
exact test if required. To determine main correlates 
of severe neutropenia, multivariable logistic 
regression analysis was used adjusting for study 
variables. Results of this model were presented 
as Odds Ratio (OR) and 95%  confidence intervals 
(95% CIs) for OR.  P values of 0.05 or less were 
considered statistically significant. All statistical 
analyses were performed using SPSS version 16.0 
(SPSS Inc., Chicago, IL, USA). 

Results 
Age distribution of participants is shown 

in figure 1. Study patients with different types 
of cancers were more frequent in the sixth 
decade of life. The mean age of patients was                                                                                                                     
48.9 ± 18.7 years and 66.7% were female. 
Regarding the type of common malignancies, in 
order of frequency 35.7% of patients had breast 
cancer, 15.3%   colorectal cancer, 7.1%   Hodgkin’s 
lymphoma 6.5% other types of lymphomas, and 
4.1% had prostate cancer respectively. 

Other malignancies included ovarian cancer, 

and lung cancer that were observed in 3.9%, and 
2.3% of patients, respectively.  With respect to 
underlying co-morbidities, 215 patients (26.0%) 
were current smoker and 175 cases (21.2%) had 
diabetes. Based on the ANC nadir value, 30 patients   
(3.6%)   had   severe    neutropenia   (Figure 2). 
The overall  incidence  of  current  cigarette  
smoking  in  patients  with  and  without  severe 
neutropenia was 26.3% and 16.7%, respectively. 
Diabetes mellitus was also reported in 21.9% of 
patients with severe neutropenia and only 3.3% of 
patients without severe neutropenia. There were 
significant differences in the overall incidence of 
current smoking and diabetes mellitus between 
the patients with severe neutropenia and patients 
without severe neutropenia. 

Multivariable  logistic   regression  analysis 
(Table 1) showed that advanced age (OR = 5.262, p 
= 0.012) and the presence of diabetes mellitus (OR 
= 8.126, p = 0.015) were the main  determinants  
for  the  appearance  of  severe  neutropenia  with  
the  presence  of demographics and studied co-
morbidities as confounders. 

Figure 2: Neutrophil count categorization in study participants with cancer.
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Discussion 
Because of the reported differences in the 

overall incidence of neutropenia complications 
in solid tumors and hematologic malignancies, 
we decided to study the risk factors of severe 
neutropenia in different types of solid tumors. 
In our study, advanced age had a crucial role in 
predicting the rate of severe neutropenia following 
chemotherapy in malignant solid tumors.

Similar to our study, some studies have found 
higher age to be a general risk factor for the 
development of severe neutropenia2, 4, 15-16, and other 
neutropenic complications 10, 12, 17. Advanced age is 
a particularly important independent risk factor, 
since older patients are often treated with lower 
chemotherapy doses to minimize the occurrence 
of neutropenic complications. Since older patients 
with cancer can obtain the same benefit from 
aggressive chemotherapy as younger patients 18, 
effective management of the risk of neutropenia is 
crucial to make it possible to administer full-dose 
chemotherapy in this population. So the use of 
prophylactic agents such as myelopoietic growth 
factors is recommended in older individuals when 
the risk of chemotherapy-induced neutropenia is 
predicted to be considerably high. 

Among co-morbidities, we only assessed the 
correlation of diabetes mellitus with the 

appearance of severe neutropenia and thus 
we found its strong relationship with neutropenia 
in patients with solid tumors undergoing 
chemotherapy. The presence of co-morbid 
conditions with cancer has been shown to 
increase the risk of neutropenia and it seems that 

each especial type of tumors has specific clinical 
predicting co-morbidities. 

Renal  disease  and  heart  disease  have  been  
shown  to  increase  the  risk  for  severe neutropenia 
in patients with non-Hodgkin’s lymphoma  4,5. In 
patients with breast cancer, liver disease along with 
kidney and heart disease increase the risk for severe 
neutropenia 6. Similarly, some risk factors such 
as hypertension, chronic obstructive pulmonary 
disease, pneumonia, prior fungal infection, and 
sepsis have been shown to increase   the   risk   for   
serious   neutropenic   complications,   including   
prolonged hospitalizations for neutropenia and 
death 10, 12, 19. Similar to our study Wolff et al 
showed that diabetes was a significant predictor 
of severe neutropenia in addition to cancer and 
regimen type20. Also, in a study by Srokowski et 
al., patients who had breast cancer and diabetes 
were at increased risk of chemotherapy-related 
neutropenia compared with non-diabetics who 
received chemotherapy and also had higher all-
cause mortality 21. In contrast, Meyerhardt et al. 
did not find an increased incidence of treatment-
related neutropenia in diabetic versus non-diabetic 
patients who received adjuvant chemotherapy for 
colon cancer 22. This difference may be due to the 
use of less-toxic chemotherapy regimens and to a 
younger study population in the last study. 

In summary, based on our finding, clinicians 
must be aware that diabetic patients are more 
likely to experience toxicity after chemptherapy for 
solid tumors and should be monitored closely.

95% Confidence Interval
for OROdds Ratio (OR)p-valueVariables

0.658-1.7891.2140.356Female gender

1.243-22.2765.2620.012Age >60 years

0.675-4.7251.7860.237Cigarette smoking

1.099-60.0738.1260.015Diabetes mellitus

Table1: Main determinants of the appearance of severe neutropenia.

            Hosmer-Lemeshow goodness of fit: Chi-Square = 12.567, p=0.128

Ghahramanfardi et al.
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Conclusion
 We identified advanced age and the presence 

of diabetes as the main determinants of high-
grade neutropenia in solid tumor patients receiving 
adjuvant chemotherapy in our study population. 
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