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ABSTRACT 

 

Although the presence of neutropenia may predispose cancer patients to develop CAP, the role 

of neutropenia on their outcomes has not been investigated. The purpose of this study is to 

compare clinical outcomes of cancer CAP patients with and without neutropenia. Patients with 

cancer, identified in the Community-Acquired Pneumonia Organization database, were divided 

into two groups according to the type of cancer and the presence of neutropenia: patients with 

solid cancer without neutropenia versus those with functional or absolute neutropenia. Among 

3,106 CAP patients enrolled, 135 had cancer without neutropenia, while 75 had cancer with 

neutropenia. No significant difference was found between patients with and without neutropenia 

regarding time to clinical stability (5.4 ± 2.7 mean days vs. 4.9 ± 2.7 days, respectively, p = 

0.264), length of hospital stay (9.2 ± 7.7 mean days vs. 9.9 ± 9.6 days, p = 0.638) and in-hospital 

mortality (18% vs. 15%, respectively, p=0.573).  Using a multiple logistic regression model, 

neutropenia was not associated to mortality in cancer patients when adjusting for significant 

covariates (OR= 1.30, p = 0.615). Lack of neutropenia during the initial evaluation of a cancer 

CAP patient should not be considered an indicator of better clinical outcome. 

 

Key words: community-acquired pneumonia - cancer – neutropenia - outcomes 

 

 

 

 

 



 4

INTRODUCTION 

 

Infectious diseases account for high morbidity and mortality in patients with cancer, and among 

them community-acquired pneumonia (CAP) represents the most common and life-threatening 

disease [1-3]. The development of CAP in cancer patients can be due to an alteration of the 

immune defense mechanisms resulting from either the malignancy or its treatment. The risk for 

infection due to the nature of cancer can be associated with humoral immune deficit, cellular 

immune deficit or neutrophil disorders. Hematologic malignancies can predispose patients to 

infections because of the replacement of the marrow with malignant cells. Consequently, these 

patients have functional neutropenia even though they may have normal or even increased 

numbers of neutrophils. Moreover, cancer patients may experience neutropenia as side effect of 

chemotherapy or radiotherapy (absolute neutropenia).  

The degree of neutropenia has been considered the single most important factor contributing to 

infection in cancer patients, particularly when the neutrophil count drops below 500 cells/mm3 

[4, 5]. The overall mortality recorded in febrile neutropenic patients with cancer ranges from 30-

50% [6]. During the past two decades, treatment of infections in the cancer population has been 

primarily focused on the management of fever and neutropenia, due to the fact that the site of 

infection cannot be determined in 50–80% of cancer patients [7, 8].  

The American Thoracic Society guidelines for the management of CAP published in 2001 used 

neutropenia in order to identify more severe cancer patients with CAP [9]. Patients with 

hematological malignancy, experiencing functional neutropenia, or patients affected by any type 

of cancer and having absolute neutropenia were excluded from the guidelines. The decision to 

include in the guidelines patients with solid cancer without neutropenia was based only on expert 
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opinions. Because of this, physicians may feel confident in treating cancer patients without 

neutropenia as regular patients with CAP. However, the role that neutropenia may have in 

clinical outcomes of cancer patients hospitalized with CAP has not yet been investigated. 

To better define clinical outcomes of cancer patients hospitalized for an episode of CAP, this 

study has the following objectives: 1) to compare clinical outcomes in cancer patients versus 

immunocompetent patients; 2) to compare clinical outcomes in cancer patients with absolute or 

functional neutropenia versus those without neutropenia. 
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MATERIALS AND METHODS 

 

Study design and subjects 

A secondary analysis of the Community-Acquired Pneumonia Organization (CAPO) database 

was performed. The database contains data retrospectively collected from 43 hospitals in 12 

countries, between June 2001 and January 2006. In each participating center primary 

investigators selected non consecutive adult hospitalized patients diagnosed with CAP. All data 

were collected on a case report form and transferred electronically to the CAPO coordinating 

center at the University of Louisville (Kentucky, USA). A sample of the study protocol and the 

data collection form are available at the study website (www.caposite.com). Discrepancies and 

inconsistencies in the data were determined at the coordinating center. After all queries were 

clarified, cases were entered into the database. Local institutional review board approval was 

obtained for each study site. 

Inclusion and exclusion criteria 

Patients ≥ 18 years of age and satisfying the criteria for CAP were included in this study. In 

order to investigate primarily immunosuppression due to cancer, patients with a diagnosis of 

HIV infection were excluded. 

Study Definition 

Community-acquired pneumonia was defined as the presence of a new pulmonary infiltrate on 

chest radiograph at the time of hospitalization associated with at least one of the following: 1) 

new or increased cough, 2) an abnormal temperature (<35.6ºC or >37.8ºC), 3) an abnormal 

serum leukocyte count (leukocytosis, left shift, or leucopenia defined by local laboratory values). 
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Cancer was defined as any type of malignancy that was diagnosed in the previous 12 months or 

as active cancer. Active cancer was considered to be present in patients who had received 

chemotherapy and/or radiotherapy in the previous 12 months or in patients who exhibited signs 

or symptoms of cancer during the past year. Patients with basal or squamous cell cancer of the 

skin were considered immunocompetent. 

Neutropenia was defined as functional or absolute neutropenia. Functional neutropenia was 

considered present in all patients affected by hematological malignancy. Absolute neutropenia 

was defined as an absolute neutrophils count (ANC) less than 500 cells/mm3 on admission. 

Neutropenia was not considered in patients with a septic state. 

Study Groups 

Patients with CAP were divided into two groups according to the presence of cancer: subjects 

without cancer, Group 1, and subjects with cancer, Group 2.  Patients in Group 2 were divided 

into two sub-groups according to the type of cancer and the presence of neutropenia: patients 

with solid cancer without neutropenia, Group 2/a, and patients with neutropenia, Group 2/b. 

Outcomes 

Mortality, length of stay and time to clinical stability (TCS) were considered as outcomes and 

their definitions are presented in ESM format. 

Statistical analysis 

All data were statistically analyzed with SPSS (version 14.0, Chicago, Il). Descriptive statistics 

were reported at baseline with continuous data expressed as a mean ± SD and categorical data 

expressed as counts. Patient characteristics were compared between Group 1 and Group 2 and 

between Group 2/a and Group 2/b. Summary statistics for all continuous explanatory variables 

are presented as means with differences between the two groups compared by means of 
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independent t-tests. Categorical explanatory variables are summarized as frequencies and 

percentages with differences between the two groups analyzed using the chi-square test.  p-

values ≤ 0.05 were considered statistically significant.  

The one-way ANOVA technique followed by the Dunnett’s post-hoc comparison technique was 

initially used to compare mortality rates between Group 1, Group 2/a and Group 2/b. We also 

examined the association between mortality and cancer among the study population and between 

mortality and neutropenia among Group 2, using a multiple logistic regression model. All the 

significant explanatory variables and those that were considered of clinical relevance were 

incorporated into the model by utilizing multiple logistic regression techniques.  

Differences between Group 1 and Group 2 and between Group 2/a and Group 2/b were studied 

regarding TCS and LOS. A univariate analysis of comparing means LOS and TCS was 

performed. Differences were further assessed with the Kaplan-Meier method, the log-rank test 

and Cox regression analysis.  
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RESULTS 

 

A total of 3,106 patients with CAP were enrolled during the study period. The study flow chart is 

shown in Figure 1.  

 

Characteristics of patients with and without cancer 

Demographics, comorbidities, severity of the disease, clinical, laboratory and radiological 

findings of the study population on admission according to the presence of cancer are 

summarized in Table 1.  

Distribution of the type of cancer among patients in Group 2 is shown in Table 2. A coexistence 

of malignancy affecting two different organs was found in three patients. 

 

Outcomes of patients with and without cancer 

The mortality rate was significantly higher in patients with cancer when compared to patients 

without cancer (43/310 patients, 14% vs. 213/2,650, 8.0%, respectively, p=0.001). In 13 patients 

among those with cancer who died (13/43 patients, 30%), mortality was considered to be related 

to CAP. Using multiple logistic regression methods, this result held consistent; the presence of 

cancer on admission among the study population was found to significantly impact mortality 

when adjusting for significant covariates (OR=1.63, 95% CI = 1.08-2.45, p=0.020). 

In comparison to patients without cancer, those with cancer had a significantly longer TCS (4.6 ± 

2.5 days vs. 5.1 ± 2.6 days, respectively, p = 0.001) and LOS (8.4 ± 4.7 days vs. 9.3 ± 4.8 days, 

respectively, p = 0.001). Using the Kaplan-Meier and log-rank methods, cancer on admission 
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was found to significantly impact both TCS (Log rank χ2 = 12.45, p < 0.0001) and LOS (Log 

rank χ2 = 10.87, p = 0.001). 

Characteristics of cancer patients with and without neutropenia 

Baseline demographics, comorbidities, severity of the disease, clinical, laboratory and 

radiological findings among cancer patients stratified by neutropenia are summarized in Table 3. 

 

Outcomes of cancer patients with and without neutropenia 

The mean TCS was similar between cancer patients without and with neutropenia (4.9 ± 2.7 days 

vs. 5.4 ± 2.7 days, respectively, p = 0.264). Using the Kaplan-Meier and log-rank methods to 

evaluate TCS, no statistical difference was found between the two groups (Log rank χ2 = 0.859, p 

= 0.354), see Figure 2. This result held consistent after adjustment for significant explanatory 

variables included in the logistic model (HR=0.911, 95% CI = 0.664 – 1.251, p=0.566). 

The mean LOS was similar between cancer patients without and with neutropenia (9.9 ± 9.6 days 

vs. 9.2 ± 7.7 days, p = 0.638). Using the Kaplan-Meier and log-rank methods to evaluate LOS, 

no statistical difference was found between the two groups (Log rank χ2 = 0.043, p = 0.837), see 

Figure 3. This result held consistent after adjustment for significant explanatory variables 

included in the logistic model (HR=1.055, 95% CI = 0.779 -1.430, p=0.728). 

The mortality of the study population according to the presence of neutropenia is shown in 

Figure 4. No significant difference in mortality rate was found in cancer patients with and 

without neutropenia (18% vs. 15%, respectively, p=0.573). A significant difference in mortality 

was found between patients without cancer and both cancer patients without neutropenia (8% vs. 

15%, respectively, p=0.006) and with neutropenia (8% vs. 18%, respectively, p=0.003).  
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Using a multiple logistic regression model, neutropenia was found to not be significantly 

associated to mortality in cancer patients (OR= 1.56 95% CI = 0.465 – 5.20, p = 0.474), when 

adjusting for significant covariates. When the stepwise procedure was applied to the full model, 

neutropenia did not survive the stepwise procedure, while CRB-65 (OR= 4.59, 95% CI = 1.1 – 

18.7, p = 0.034) did survive as independently associated with mortality, see Figure 5.  
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DISCUSSION 

 

This study indicates that in patients with CAP the presence of malignancy significantly increases 

mortality and worsens clinical outcomes. Among CAP patients with cancer, those without 

neutropenia have similar outcomes in comparison to those with neutropenia. The presence of 

neutropenia on admission is not an independent risk factor for mortality in patients with cancer 

undergoing an episode of CAP. Our findings suggest that physicians should aggressively manage 

cancer patients with CAP, regardless of the type of cancer or the neutrophil count on admission. 

The lack of neutropenia during the initial evaluation of a cancer patient with CAP should not be 

considered an indicator of better clinical outcomes.  

Although neutropenia is a key risk factor for infections, other factors seem to pose cancer 

patients with CAP at equal risk for poor outcomes. At least three considerations can explain the 

findings of our study. First, even though patients with solid tumors may have a normal neutrophil 

count, cytotoxic drugs used for the treatment of cancer can affect chemotactic and phagocytic 

function, without reflecting on the total cell count. Second, the functional capabilities of 

phagocytes such as neutrophils, eosinophils and mononuclear cells may be intrinsically defective 

even before the initiation of chemotherapy. A study performed by Hubel and coworkers showed 

cancer patients having preactivated phagocytes with suppressed function prior to initiation of 

treatment [10]. Third, humoral and cellular immune mechanisms mediated by B and T 

lymphocytes, respectively, can be profoundly altered in patients with solid cancer. Multiple 

aspects of the host defense system can be simultaneously impaired in cancer patients hospitalized 

with CAP, thus influencing their outcomes. This mixed pattern of immunodeficiency may 

explain the lack of improved outcomes in our patients without neutropenia. 
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The results of our study are consistent with recent literature which has questioned the role of 

neutropenia in outcomes of both hematologic and solid tumors patients undergoing an infection. 

Neutropenia was not found to affect mortality in cancer patients with S. pneumoniae bacteremia 

[11], as well as bacteremia caused by other microorganisms [12]. In line with these data, five 

other studies evaluating patients hospitalized in ICU showed neutropenia to not be independently 

associated with mortality in cancer patients with different sites of infection [13-17]. During the 

past decades, the attention in management of infections in cancer patients has focused on fever 

and neutropenia [18]. The latest guidelines published by the National Comprehensive Cancer 

Network, however, recommend that immunocompromised non-neutropenic cancer patients 

receive equal attention as those with neutropenia [19]. 

One important limitation of our study in evaluating the effect of neutropenia on clinical 

outcomes is the lack of information regarding the duration of neutropenia before admission to the 

hospital, the development of neutropenia or the neutropenia recovery during hospitalization. 

Moreover, in light of the fact that the present was a retrospective study, we were not able to 

collect more data on malignancies, neither on chemotherapies nor on bone marrow transplant. 

This study is strengthened by the large patient cohort involving 43 institutions in 12 different 

countries and by its use of an unselected population. Our sample is composed of subjects 

admitted to general hospitals and not by those referring only to specialized cancer facilities.  

In conclusion, our data indicate that the lack of neutropenia in cancer patients hospitalized for 

CAP does not prevent poor clinical outcomes; therefore, physicians cannot be reassured of a 

better outcome when neutropenia is not present at the initial evaluation of a cancer patient with 

CAP. Thus, physicians should aggressively manage all cancer patients with CAP, regardless of 

the type of cancer or the neutrophil count. 
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TABLES 

 

Table 1. Demographics, comorbidities, severity of the disease, clinical, laboratory and 

radiological findings of the study population on admission, according to the presence of cancer. 

Group 1: CAP patients without cancer. Group 2: CAP patients with cancer. 

 

Characteristic Group 1 Group 2 p value 

 n = 2,650 n = 310  

Demographics    

          Male 1,604 (61) 214 (69) 0.004 

          Age, mean ± SD yrs 66.8 ±17.8 70.9 ±13.3 0.000 

               Age >65 years        1,535 (58) 215 (69) 0.000 

               Age >75 years 1,014 (38) 126 (41) 0.415 

Comorbidities    

          Congestive heart failure 577 (22) 55 (18) 0.101 

          Chronic obstructive pulmonary disease 795 (30) 90 (29) 0.725 

          Diabetes mellitus 529 (20) 55 (18) 0.380 

          Cerebrovascular accident  436 (17) 41 (13) 0.144 

          Renal disease 301 (11) 45 (15) 0.102 

          Liver disease 95 (3.6) 15 (4.8) 0.269 

Severity on admission    

          Altered mental status 349 (13) 40 (13) 0.895 

          Admission to ICU 322 (12) 38 (12) 0.924 
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          MV on admission 83 (3.1) 15 (5.0) 0.092 

Physical findings    

          Temperature <35oC or ≥40oC 159 (6.0) 11 (3.6) 0.087 

          Respiratory rate ≥ 30 breaths/min 585 (22) 59 (19) 0.262 

          Alteration of gas exchange* 1,011(38) 125 (41) 0.406 

          Hypotension# 148 (5.6) 23 (7.5) 0.180 

          Heart rate ≥125 beats/min 328 (12) 33 (11) 0.388 

Laboratory values    

          Arterial pH<7.35 167 (6.3) 11 (3.7) 0.069 

          Sodium <130 mmol/L 156 (5.9) 27 (8.7) 0.049 

          Hematocrit <30% 131 (4.9) 65 (21) 0.000 

          BUN >30 mg/dl 535 (20) 74 (24) 0.108 

Radiology findings on CXR    

          Multilobar involvement 714 (27) 86 (28) 0.765 

          Pleural effusion 479 (18) 68 (22) 0.098 

          Cavitation 28 (1.1) 4 (1.3) 0.435 

 

Data are presented as no (%). MV: mechanical ventilation. BUN: Blood Urea Nitrogen. CXR: 

Chest radiograph *Alteration of gas exchange: PaO2 <60 or PaO2/FiO2 < 300 or O2 sat <90%   

#Hypotension: Systolic Blood Pressure < 90 mmHg or Diastolic Blood Pressure < 60 mmHg   
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Table 2. Type of malignancy in group of patients with cancer (Group 2) 

 

Solid tumor No of pts Hematologic malignancy No of pts 

Lung cancer 60 Leukemia       22 

Prostate cancer 18 Non-Hodgkin's lymphoma 15 

Breast cancer 14 Multiple myeloma             12 

Head & neck cancer  11 Myelodisplasia  10 

Bladder  cancer        8 Hodgkin's lymphoma           3 

Colon cancer           8 Aplastic anemia 2 

Kidney cancer          4 Policytemia vera 2 

Gastric cancer         3 Other    5 

Cervical cancer        2   

Pancreatic cancer 2   

Other    9   
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Table 3. Demographics, comorbidities, severity of the disease, clinical, laboratory and 

radiological findings on admission of the cancer population, according to the presence of 

neutropenia. Group 2/a: CAP patients with solid cancer without neutropenia. Group 2/b: CAP 

patients with functional or absolute neutropenia.   

 

Characteristic Group 2/a Group 2/b p value 

 n = 135 n = 73  

Demographics    

          Male 105 (78) 51 (70) 0.208 

          Age, mean ± SD yrs 71.3 ± 12.8 68.3 ±14.6 0.126 

               Age >65 years        94 (70) 44 (60) 0.173 

               Age >75 years 53 (39) 26 (36) 0.605 

Comorbidities    

          Congestive heart failure 30 (22) 18 (25) 0.691 

          Chronic obstructive pulmonary disease 47 (35) 14 (19) 0.018 

          Diabetes mellitus 26 (20) 12 (16) 0.582 

          Cerebrovascular accident  23 (17) 4 (6) 0.012 

          Renal disease 26 (19) 11 (15) 0.451 

          Liver disease 9 (6.7) 1 (1.4) 0.080 

Severity on admission    

          Altered mental status 21 (16) 5 (7) 0.070 

          Admission to ICU 21 (16) 9 (12) 0.501 

          MV on admission 7 (5.2) 4 (6.2) 0.505 
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Physical findings    

          Temperature <35oC or ≥40oC 6 (4.5) 3 (4.2) 0.615 

          Respiratory rate ≥ 30 breaths/min 27 (20) 13 (19) 0.844 

          Alteration of gas exchange* 56 (42) 29 (41) 0.930 

          Hypotension# 11 (8.3) 6 (8.2) 0.990 

          Heart rate ≥125 beats/min 20 (15) 6 (11) 0.458 

Laboratory values    

          Arterial pH<7.35 5 (3.7) 1 (1.6) 0.379 

          Sodium <130 mmol/L 9 (6.7) 11 (15.3) 0.046 

          Hematocrit <30% 15 (11) 29 (41) 0.000 

          BUN >30 mg/dl 27 (20) 29 (40) 0.002 

Radiology findings on CXR    

          Multilobar involvement 36 (27) 26 (36) 0.178 

          Pleural effusion 32 (24) 17 (23) 0.946 

          Cavitation 3 (2.2) 0 (0) N/A 

Medical treatment    

          ABT Compliant to local guidelines  116 (88) 51 (85) 0.583 

          Fluoroquinolone 46 (34) 34 (47) 0.077 

         Beta-lactam 108 (80) 49 (67) 0.039 

         Macrolide 58 (43) 29 (40) 0.651 
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Data are presented as no (%). MV: mechanical ventilation. BUN: Blood Urea Nitrogen. CXR: 

Chest radiograph *Alteration of gas exchange: PaO2 <60 or PaO2/FiO2 < 300 or O2 sat <90%   

#Hypotension: Systolic Blood Pressure < 90 mmHg or Diastolic Blood Pressure < 60 mmHg   
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FIGURE LEGENDS 

 

Figure 1. The study flow chart. Pts: patients Group 1: CAP patients without cancer. Group 2: 

CAP patients with cancer.  Group 2/a: CAP patients with solid cancer without neutropenia. 

Group 2/b: CAP patients with neutropenia. 

 

 

Figure 2. Kaplan-Meier survival curves for time to clinical stability (TCS) in CAP patients 

without (dashed line) and with neutropenia (solid line). 
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Figure 3. Kaplan-Meier survival curves for length of stay (LOS) in CAP patients without (dashed 

line) and with neutropenia (solid line). 
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Figure 4. Mortality rate in the study population, presented in the cancer group according to the 

neutrophil status Group 1: CAP patients without cancer. Group 2/a: CAP patients with solid 

cancer without neutropenia. Group 2/b: CAP patients with functional or absolute neutropenia. 
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Figure 5. Multivariable analysis of mortality in patients with CAP and cancer. All variables 

included in the model are dichotomized yes vs. no. 
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