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Febrile neutropenic patients with solid neoplasms have
few P. aeruginosa infections and higher antibacterial
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ABSTRACT

Background: Many febrile neutropenic patients (FNP) with solid tumors receive high dose antibacterial therapy adequate for
P. aeruginosa infections. This study was designed to determine the frequency of P. aeruginosa infections in FNP with solid
neoplasms and detect any differences in duration of fever, length of stay (LOS) and deaths of patients receiving low (LD) vs. high
dose (HD) antibacterial therapy.
Methods: Electronic medical record databases were searched to identify patients with drug-induced neutropenia and fever. The
resulting data was searched manually for patients with solid neoplasms and these charts were selected consecutively for manual
review for additional inclusion criteria, comparison characteristics, such as type of neoplasm, comorbidities, potential risk factors
such as duration of neutropenia, documented infections, and outcomes: duration of temperature to < 37.5◦C and < 38◦C , length
of stay (LOS), and cause of death. Components of the Multinational Association for Supportive Care of Cancer risk index
(MASCCRI) were extracted and the index was calculated for each episode.
Results: The respective outcomes of LD vs. HD were: mean duration of temperature to < 38◦C, 3 vs. 3 days, and to < 37.5◦C, 4
vs. 4 days, mean LOS 6.3 vs. 6.6 days (p = .56, TT; but p < .01, WRST), and LOS ≤ 10 days , 90% vs. 89%, Zero vs. 2 developed
P. aeruginosa infections.
Conclusions: LD antibacterials for FNP with solid neoplasms did not prolong the time to afebrile or the LOS, and only 2 P.
aeruginosa infections occurred. High dose antibacterial therapy may not be necessary for FNP with solid neoplasms.
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1. INTRODUCTION

Cytotoxic chemotherapy for cancer frequently results in neu-
tropenia and some of these neutropenic patients become
febrile. In 1966 Bodey et al. identified depth and dura-
tion of neutropenia as risk factors for infection. If the ab-
solute neutrophil count (ANC) was < 1,000 vs. less than
100, the incidence of infection was 14% or ≥ 24%, re-
spectively.[1] For patients with solid neoplasms, the depth

and duration of neutropenia is generally shorter than in pa-
tients receiving chemotherapy for those with hematoprolif-
erative/lymphoproliferative malignancies. Figure 1 shows a
comparison of the lengths of stay of patients with various ma-
lignancies following chemotherapy. Length of stay (LOS) is
usually only a few days longer than the duration of neutrope-
nia. In 1971 Schimpff et al. noted that P. aeruginosa had
been “the most frequent cause of infection at the Baltimore
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Cancer Research Center during the recent years” and that
50% of the patients with pseudomonas bacteremia, identified
between July 1968 and July 1969, died in 3 days.[2] The num-
ber of patients with hematoproliferative/lymphoproliferative
malignancies vs. solid neoplasms is not stated, but P. aerugi-
nosa infections were more common in patients with “bone
marrow” vs. other types. In a 1985 review of 410 episodes
of P. aeruginosa bacteremia, early antibacterial therapy ac-
tive vs. P. aeruginosa was crucial in reducing mortality, e.g.
from 26% in the first 24 hours for those who received an
antibacterial regimen inactive against P. aeruginosa to 5%
for those who received an active antibacterial regimen.[3]

Talcott et al. introduced the concept of stratification based
on risk of complications in 1988, but did not specifically
link stratification to type of malignancy or risk for infection
due to P. aeruginosa, although patients with solid neoplasms
were included.[4] In a 1993 review article titled “Manage-
ment of Fever in Patients with Cancer and Treatment-Induced
Neutropenia,” Pizzo referenced an article by Schimpff et al.
“Origin of Infection in Acute Nonlymphocytic Leukemia” in
support of P. aeruginosa as an important pathogen in neu-
tropenic patients.[5] The article by Schimpff obviously does
not include patients with solid neoplasms. Although noting

the decreasing frequency of P. aeruginosa infections in neu-
tropenic patients and that patients with lymphomas and solid
neoplasms have shorter duration of neutropenia, Pizzo em-
phasized the importance of using antibacterial therapy active
against P. aeruginosa in febrile neutropenic patients (FNP).
In 1997, the Infectious Disease Society of America published
guidelines for the management of FNP, however, there is no
stratification of patients for risk of infection based on type
of malignancy, e.g. hematoproliferative/lymphoproliferative
vs. solid neoplasms, or for P. aeruginosa infections.[6] The
recommended dose of Ceftazidime is 2 gm q8 hrs, although
this recommendation is followed by this statement “How-
ever, in some studies, lower doses of 1.0 gram every 8 hours
have been used successfully in patients with solid tumors and
with expected short periods of neutropenia.” The Multina-
tional Association for Supportive Care in Cancer risk index
(MASCCRI) was introduced in 2000, purporting to be a
methodology for stratification of neutropenic patients by risk
of complications.[7] (See critique of this methodology in
reference 8). In this methodology, stratification is again not
linked to type of neoplasm or risk for infection due to P.
aeruginosa.

Figure 1. Cummulative length of stay in hospital vs. days in hospital for various type of malignancies post chemotherapy
(AML = Acute myelocytic leukemia; ALL = Acute lymphoblastic leukemia; CLL = Chroni lymphocytic).

The Infectious Disease Society of America (IDSA) updated
the guidelines for treatment of FNP in 2002 and 2010,[9, 10]

with risk stratification based on the MASCCRI, particularly
emphasized in 2010. Although there has been some gen-
eral stratification in studies of FNP with leukemia vs. solid
neoplasm vs. lymphoma, risks for P. aeruginosa infections
or poor outcomes were not provided, thus high-doses of
antibacterial agents, adequate for P. aeruginosa infections,
have been given to patients with solid neoplasms, as well

as those with hematopoietic and lymphoproliferative ma-
lignancies.[11, 12] Other studies, however, have shown that
patients with solid neoplasms are at lower risks for poor
outcomes than those with hematopoietic and lymphoprolifer-
ative malignancies, likely due to less depth and duration of
neutropenia.[13]

It was my personal observation that patients with solid neo-
plasms, febrile when neutropenic, had less complications,
recovered more quickly, and were less likely to have in-
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fections due to P. aeruginosa than FNP with hematopoi-
etic/lymphoproliferative malignancies. I also concluded that
they did not need high doses of antibacterial agents so I un-
dertook this retrospective study to address two questions: Do
patients treated with lower doses of antibacterial agents have
longer duration of fever, longer LOS, and increased mor-
tality compared to those receiving high dose antibacterials?
How frequent are infections due to P. aeruginosa? Are P.
aeruginosa infections frequent enough to justify high dose
antibacterial therapy? Is there evidence demonstrating that
low dose antibacterial therapy active against P. aeruginosa
results in inadequate treatment?

2. PATIENTS AND METHODS

2.1 Patients
Inclusion criteria: inpatients with LOS > 24 hours, (note:
it seemed that a stay of less than two days could not be at-
tributed to the effectiveness of antibacterial therapy), > 18
years old, with a solid neoplasm, who received chemotherapy,
became neutropenic with an ANC of < 500 cells/µl—a diag-
nosis on admission or discharge of neutropenic fever based
on these codes–Drug induced neutropenia (288.0), and Fever
presenting conditions classified elsewhere (780.61)–and who
received antibacterial therapy for neutropenic fever. Patients
were identified by searching electronic medical records of
patients admitted consecutively to Kaiser Permanente San
Diego Medical Center, from October 1, 2008 to November
15, 2010 and Kaiser Permanente Orange County Medical
Center, and Kaiser Permanente Woodland Hills Medical Cen-
ter from October 1, 2008 to April 30, 2010 for all inpatients
with ICD9 codes 288.0 and 780.61. The charts of these
patient episodes were consecutively selected and manually
screened for inclusion criteria and data extracted, if inclusion
criteria were met.

Data extracted, included: the type of solid neoplasm whether
it was metastatic beyond local nodes, occurrence of fever
associated with neutropenia, duration of fever, an ANC <
500 cells/µl, return of ANC to greater than 500 cells/µl, du-
ration of neutropenia, age, gender, admission date, discharge
date, LOS, reason for extended hospital stay, ICU care, com-
fort care, death, death date, reception of filgrastim, other
diagnoses in the problem list which might be considered
immunocompromising, smoking status (never, presently or
former), serum creatinine > 2, burden of illness, hypotension
(SBP < 90), dehydration, outpatient or inpatient chemother-
apy, types of infections, positive cultures, microorganisms,
antimicrobial agents and doses, results of pertinent imaging
studies. The other relevant parts of the chart were reviewed
to determine the course of the patient in the hospital, the res-
olution of fever, and condition at end of hospitalization. The

Kaiser Permanente Southern California Institutional Review
Board (IRB) approved the study.

2.2 Antibacterial regimens
The designation low dose (LD) or high dose (HD) is re-
lated to the usual dosing of the antibacterials with activity
against aerobic, gram negative bacilli, particularly P. aerug-
inosa. LD antibacterial regimens were: Ceftazidime 1 gm
q8 hrs, Cefepime 1 gm q 12 hrs, Aztreonam 1 gm q 8 hrs,
Piperacillin/tazobactam 3.375 q6 hrs, Ceftriaxone 1-2 gm
q 24 hrs, Ciprofloxacin 400 mg q12 hrs or 500 mg-750 mg
po q 12 hrs, Imipenem 500 mg q 8 hrs, Ertapenem 1 gm q
24 hrs, Levofloxacin 500 mg po q 24 hrs. HD antibacterial
regimens were: Ceftazidime 2 gm q8 hrs, Cefepime 2 gm q
12 hrs, Aztreonam 2 gm q8 hrs, Piperacillin/tazobactam 4.5
mg q 4-6 hrs. No patient received Ciprofloxacin 400 mg IV
or 750 mg or 500 mg po, q8 hrs. In both groups vancomycin
and gentamicin were per pharmacy protocol, metronidazole
500 mg q 8-12 hrs po or IV, Clindamycin 600 mg IV q 8 hrs,
Ampicillin 2 gm q 4-6 hrs.

2.3 Filgrastim
Patients receiving filgrastim were identified and a chart re-
view was conducted to verify the electronic data extraction
for those identified as not receiving filgrastim.

2.4 Study design
Retrospective review of electronic medical records as noted
above.

2.5 Definitions
Febrile neutropenia was defined based on accepting the ad-
mitting diagnosis recorded by the admitting physician and
an ANC of < 500 cells/µl, except for two occurrences when
it was between 500 and 600 cells/µl. Some patients received
chemotherapy as inpatients and developed neutropenic fever.
In these inpatients, the ANC had to be < 500 cells/µl and the
temperature greater than or equal to 38◦C to meet criteria for
neutropenic fever. The duration of fever was the number of
days elapsed from the calendar day, defined as midnight to
midnight, of admission to the calendar day of the last tem-
perature to reach 38◦C or 37.5◦C. The number of days from
admission to the first day the temperature was less than 38◦C
or 37.5◦C, and never again reached 38◦C or 37.5◦C, was the
number of days to afebrile 38 and similarly to afebrile 37.5.
Response to therapy was designated as afebrile 38 or afebrile
37.5. However, there are patients in this study who had artifi-
cially prolonged duration of fever due to a subsequent “blip”
in temperature above 37.5◦C despite having been afebrile
for two or more days. LOS in hospital was calculated by
subtracting the admission date from the discharge date and
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adding one[1] for the data in Figures 1 and 2, so any part of a
day counts as one day.

Table 1. Patient characteristics
 

 

  
Low, 
n=100 

High, 
n=98 

Age   
Range 33-86 18-85 
Median 61 60.5 

Gender     
M 30 27 
F 70 71 

Co-morbidities   
Diabetes 8 11 
CKD III or IV 9 9 
Cirrhosis 1 0 
Prednisone 1 0 
Rheumatoid Arthritis 0 2 
CREST 0 1 
PMR 1 1 
Organ Transplant 1 0 
Anti-TNF 1 0 
Hepatitis B 1 0 
Hepatitis C 3 2 
HIV 0 2 
Hypogammaglobulinemia 1 1 
Hemochromatosis 0 2 
Ulcerative Colitis 0 1 
Smoking     

never 58 62 
former 38 31 
present 4 5 

Metastases beyond local nodes 33 39 
MASCC score 22.98 22.87 
Filgrastim 84% 94.9% 
Chemotherapy density and intensity 
meeting GCSF criteria 

27.6% 24% 

Malignancies     
Head & Neck 3 6 
Breast 50 43 
Lung 7 11 
GI 21 18 
Uterus 1 0 
Ovary 4 4 
Prostate 5 2 
Bladder 2 2 
Testis 2 0 
Sarcoma 1 11 
Melanoma 0 1 
Neuroectodermal 2 0 
Unknown 2 0 

Note. CKD = chronic kidney disease; CREST = Calcinosis, Raynaud phenomenon, 
Esophageal dysmotility, sclerodactyly, and Telangiectasia; PMR = Polymyalgia 

rheumatica; Anti-TNF = Tumor necrosis factor inhibitor; GCSF = granulocyte colony 
stimulating factor. As an age-range grouped variable, the t-test between the dose 

groups had significance, p = .05 (TT), while age as a continuous variable, the 
significance was p = .04 (TT). There was a tendency for the LD to be younger. 

Types of infections described by the physicians of record
were accepted, with these conditions. Any patient with at
least one positive blood culture was defined as being bac-
teremic, excluding those patients who had only one blood
culture positive for a typical contaminant from the skin,
e.g. coagulase negative staphylococcus (CNS), non-JK diph-
theroids. Pneumonia was based on the official chest X-ray
report. Urinary tract infection (UTI) was defined as > 105

colony forming unit/milliliter. Diverticulitis was defined as
a patient with abdominal pain and diverticula on CT scan,
in addition to one or more of these findings: pericolic infil-
tration of fatty tissue, colonic wall thickening or pericolonic
abscess. Colitis was diagnosed based on a CT scan of the
abdomen demonstrating colonic wall thickening. MASCCRI
was calculated based on published criteria.[7] Each patient
entry represents a unique admission to the hospital and is
called a patient episode. There were three patients in the LD
and five patients in the HD, which were admitted twice and
received LD or HD both times, five patients in each group
that were admitted twice and received LD during one ad-
mission and HD during the other admission. There was one
patient admitted three times, each time HD was given. All
patients had completely recovered from the prior episode of
fever and neutropenia by the time a subsequent admission to
the hospital met inclusion criteria. Treatment was considered
effective if there was resolution of fever and other signs of in-
fection prior to discharge from the hospital. Death or failure
to control infection was considered a failure of treatment.

2.6 Statistical analysis
A less than 10% difference in outcomes between the groups
was not considered clinically relevant. To show that the two
groups could be considered equivalent, with 100 per group
(LD vs. HD) the difference would need to be less than 0.55
days, with a common standard deviation of 1.5 days using a
t-test. At this level there would be more than 80% power to
declare the nonequivalence statistically significant at the 0.05
level. Since the intent is to show no statistically significant
difference between the groups, the more statistically signif-
icant value from either the t-test (TT), Wilcoxon rank sum
test (WRST), or the Pearson chi-square test (PCST), would
be chosen.

3. RESULTS
3.1 Patient characteristics
During the time periods mentioned, 100 patient episodes
in the LD and 98 patient episodes in the HD met inclusion
criteria. Characteristics of the LD and the HD were similar
(see Table 1), except there was a tendency for the LD to
be slightly younger (See commentary below Table 1) and
for the overrepresentation of sarcomas in the HD (LD 1 vs.
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HD 11, reason unknown). There was no difference between
the mean MASCCRI[7] of the LD vs. the HD. Eighty- four
percent of the LD and 94.9% of the HD received filgrastim.

3.2 Types of infections and microbiology
As shown in Table 2, if colitis and enteritis are excluded,
there were 26 clinically documented infections in the LD
(100 patient episodes) and 30 in the HD (98 patient episodes).

Table 2. Infections and microbiology, low-dose vs. high-dose
 

 

Low dose–Number 36 High dose–Number 35 
Pneumonia Pneumonia 
Bacteremia, fusobacterium UTI, enterococcus 
Pneumonia, M. avium-intracellulare PICC, Cellulitis 
UTI, enterococcus Bacteremia, S. aureus; Pneumonia, S. aureus, P. aeruginosa; UTI, VRE
Colitis* Bacteremia, S. bovis; UTI, E. Coli 
Bacteremia, S. pneumoniae, viridans streptococcus; 
Pnuemonia; Intestinal obstruction; UTI, K. Oxytoca 

Bacteremia, P. aeruginosa; UTI, enterococcus 

Bacteremia,  E. Coli, K. pneumoniae, viridans streptococcus; 
Decubitus ulcer; UTI, E. Coli 

Bacteremia viridans streptococcus; C. difficile Colitis 

Bacteremia, E. Coli; UTI, E. Coli Bacteremia, Grp G Streptococcus 
Bacteremia, enterococcus; Intestinal obstruction; Enteritis* Bacteremia, E. Coli 
Bacteremia, S. aureus; PICC Bacteremia, Chryseomonas 
Pneumonia; C. difficile Colitis Bacteremia, S. aureus, viridans streptococcus, E. Coli 
Pneumonia Bacteremia, E. Coli 
Pneumonia UTI, E. Coli 
UTI, E. Coli Pneumonia 
UTI, E. Coli Pneumonia 
UTI, E. Coli UTI, E. Coli, Grp B streptococcus 
UTI, K. oxytoca Colitis; UTI, E. Coli 
C. difficile collitis UTI, enterococcus 
Colitis UTI, K. pneumoniae 
Colitis C. difficile Colitis 
Colitis C. difficile Colitis 
Colitis C. difficile Colitis 
Colitis Colitis 
Colitis Colitis 
Colitis Colitis 
Colitis Colitis 
Enteritis Colitis 
Intestinal obstruction; Infected ascites, C. albicans Intestinal Obstruction 
Perirectal absces, S. aureus, B. fragilis Cellulitis; Sinusitis 
Finger abscess Cellulitis 
Cellulitis Cellulitis 
Cellulitis Sinusitis 
Cellulitis Diverticultis 
PICC, Coagulase negative staphylococcus Cellulitis 
Diverticulitis Diverticultis 
Diverticulitis  

Note. Colitis and enteritis may not be infectious but chemotherapy induced; PICC = percutaneously inserted central catheter; UTI = urinary tract infection; VRE = vancomycin 
resistant enterococcus.

 

Bacteremia was documented in six patients in the LD and
9 in the HD. The isolates and sources shown in Table 1 are
typical for hospitalized patients including two polymicrobial
bacteremias in the LD group and one in the HD group. Eight
patients in the LD and nine in the HD had documented UTI
with common urinary tract isolates. Two patients in the HD

group had P. aeruginosa isolated, one from the blood and
one from the sputum.

Table 2 also shows a total tally of infections and microor-
ganisms isolated. Chi-square tests of comparisons for each
type of infection failed to reject the null hypothesis of no
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difference between the groups (direct comparison in table
not shown). One patient in the HD was discharged non-
neutropenic and afebrile with an unrecognized perirectal ab-

scess and was readmitted non-neutropenic within seven days
of discharge when discovered, thus not meeting inclusion
criteria for this subsequent admission.

Table 3. Antibacterial combinations administered to patients with solid neoplasms
 

 

Antimicrobial regimens Low dose High dose 
Ceftazdime, Ciprofloxacin/Levofloxacin 20 24 
Ceftazdime, Ciprofloxacin/Levofloxacin, Vancomycin 11 11 
Ceftazdime, Ciprofloxacin/Levofloxacin, Vancomycin, Metronidazole 2 4 
Ceftazdime, Ciprofloxacin/Levofloxacin, Metronidazole 7 2 
Ciprofloxacin/Levofloxacin, Vancomycin  1 
Cefepime, Ciprofloxacin, Metronidazole  1 
Ceftazidime, Vancomycin 5 17 
Cefepime,  Vancomycin  1 
Piperacillin/Tazobactam, Ciprofloxacin, Vancomycin, Metronidazole  1 
Ceftazdime  10 12 
Ceftazdime, Vancomycin, Metronidazole  5 
Cefepime, Ciprofloxacin, Vancomycin  1 
Ceftazidime, Vancomycin, Metronidazole  4 
Ceftazidime, Metronidazole  5 
Cefepime, Ciprofloxacin, Vancomycin, Metronidazole  1 
Cefepime   2 
Aztreonam, Clindamycin  1 
Ceftazidime, Vancomycin, Clindamycin  1 
Cefepime, Vancomycin  1 
Ceftazidime, Vancomycin, Gentimicin 1 1 
Ceftazdime, Ciprofloxacin/Levofloxacin, Gentamicin, Metronidazole  1 
Piperacillin/Tazobactam, Ciprofloxacin 2 1 
Cprofloxacin 7  
Ceftazdime, Ciprofloxacin/Levofloxacin, Clindamycin 2  
Ciprofloxacin, Vancomycin, Metronidazole 1  
Ceftazdime, Ciprofloxacin/Levofloxacin, Vancomycin, Ampicillin 1  
Amoxicillin/clavulanate, Gentamicin 1  
Gentamicin, Clindamycin 1  
Aztreonam, Ciprofloxacin 1  
Aztreonam, Ciprofloxacin, Vancomycin 1  
Piperacillin/Tazobactam 8  
Piperacillin/Tazobactam, Ciprofloxacin, Vancomycin, Metronidazole 1  
Ceftazidime, Piperacillin/tazobactam 1  
Piperacillin/Tazobactam, Vancomycin 6  
Piperacillin/Tazobactam, Ciprofloxacin, Vancomycin  2  
Moxifloxacin 2  
Ceftriaxone 1  
Ciprofloxacin, Metronidazole 1  
Vancomycin 1  
Ceftriaxone, Vancomycin 1  
Cefotaxime, Vancomycin, Metrondazole 1  
Ertapenem, Linezolid 1  
Imipenem (500mg every 8 hours, Creatinine 0.8) 1  
Total 100 98 
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3.3 Antibacterial agents
For 198 patient episodes, 43 different initial antibacterial reg-
imens were administered (see Table 3). The most frequent
regimen in both the LD and the HD was the combination of
ceftazidime and ciprofloxacin. The most frequently adminis-
tered single drug in any regimen was ceftazidime, followed
by ciprofloxacin. In the LD, the initial regimen was changed
12 times, but analysis by clinical criteria, suggests that only
four may have benefited from the change. The initial regimen
was changed 13 times in the HD, and only three may have
benefited. One patient received only vancomycin, one pa-
tient received only amoxicillin/clavulanate, and one patient
received only amoxicillin/clavulanate and clindamycin.

3.4 Response to therapy
3.4.1 Length of stay
Figure 2 shows the distribution of the LOS of the two groups.
The mean LOS was 6.3 days (range 3-31) for the LD com-
pared to 6.6 days (range 3-19) for the HD. While these aver-
ages seem similar, the distributions seem to be different (p =
.62, TT; but p < .01, WRST).

Figure 2. Cumulative percentage: Low vs. high dose
antibacterials for time to temperature < 37.5 and length of
stay

3.4.2 Duration of neutropenia
The mean duration of neutropenia in the LD was 2.5 days
(range 1-9) vs. 2.96 days (range 1-9) for the HD (p = .02,
WRST).

3.4.3 Duration of fever
The mean duration of fever in the LD was 3 (range 1-12)
days to < 38◦C vs. 3 (range 1-8) days for the HD and 4
(range 1-13) days to < 37.5◦C in the LD vs. 4 (range 1-9)
days in the HD. See Figure 2 for cumulative percentages.

3.4.4 Deaths
In the LD, 7 of 100 patients died in the hospital, but only
two of the deaths were related to the infection present when
the patient was admitted for FNP. In the HD, 4 of 98 patients
died, but only 3 of 4, who died in the hospital, died due to
the infection present when admitted.

4. DISCUSSION
The combined data from the LD and the HD groups demon-
strate that patients with solid neoplasms have brief episodes
of neutropenia (mean less than three days), infections that
are controlled promptly (afebrile within four days of admis-
sion), and relatively short inpatient stays (89% discharged
in 10 days). They seldom die of the infections responsi-
ble for hospitalization (2%-4%); and infrequently develop P.
aeruginoas infections (1%).

4.1 Goals of study addressed
Do patients treated with lower doses of antibacterial agents
have longer duration of fever, longer lengths of stay (LOS),
and increased mortality compared to those receiving high
dose antibacterials? There were no differences in the time
required to become afebrile, the duration of hospitalization,
or mortality from initial infections in the 2 groups. The dura-
tion of fever in this study is similar to the duration recorded
by Elting et al. in a previous study of patients with solid
neoplasms.[14] The number of deaths attributed to the ini-
tial infection in this study of LD and HD treatment groups
(2/100 vs. 3/ 98) is also concordant with other reports which
have shown that FNP with solid neoplasms have less fre-
quent fatal infectious complications than patients with acute
leukemia.[15]

How frequent are infections due to P. aeruginosa? Infrequent,
2/198.

Are P. aeruginosa infections frequent enough in FNP to
justify high dose antibacterial therapy? The answer is a mat-
ter of opinion since P. aeruginosa infections are infrequent.
However, there is other data which is pertinent to this ques-
tion. P. aeruginosa is infrequently isolated at the San Diego
Medical Center (only 26 isolates, or 1.2 per month between
March 2, 2008 and December 31, 2009). Furthermore, at
least eight studies have found a low frequency of P. aerug-
inosa infections in FNP with solid neoplasms and patients
at lower risk for complications.[16–23] The cumulative num-
ber of episodes of ‘febrile neutropenia’ in these studies was
1,117, with four episodes of P. aeruginosa bacteremia. In
the studies reporting urine cultures, only 2 of 885 with urine
cultures were positive for P. aeruginosa. No deaths related to
P. aeruginosa, were reported in these studies. When the data
from the present study are added to these studies, there are
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a total of 1,315 episodes with blood cultures, five positive
for P. aeruginosa (0.38%) and a total of 1,083 episodes with
urine cultures, two positive for P. aeruginosa (0.18%). Of
these 1,315 patients, there was one death not likely due to P.
aeruginosa, which was isolated from a sputum culture.

Is there evidence demonstrating that low dose antibacte-
rial therapy active against P. aeruginosa results in inad-
equate treatment? Not in this study because there were
only 2 patients with P. aeruginosa infections. However,
there is literature which supports the efficacy of low dose
anti-pseudomonal antibacterial agents. In 1994, a random-
ized trial of Ceftazidime 1 gm q8 hrs vs. Ceftazidime 2
gm q8 hrs, each coupled with a single daily dose of To-
bramycin, was conducted in 150 patients with hematoprolif-
erative/lymphoproliferative malignancies, lymphomas, bone
marrow aplasia/dysplasias, and bone marrow transplants. At
96 hrs, no statistical difference was identified in overall re-
sponse rates of 70% vs. 60%, respectively, with complete
response rates of 32% vs. 27%, respectively.[24]

In their study of P. aeruginosa bacteremia in cancer patients,
Chatzinikolaou, et al.[25] made a number of important obser-
vations that support the findings at the Kaiser Permanente
medical centers. Among the most pertinent were that the
frequency of P. aeruginosa bacteremia decreased in patients
with solid neoplasms between 1985 and 2000: at their insti-
tution, 82% of solid neoplasm patients with P. aeruginosa
bacteremia were cured, and 6 of the 7 patients who received
only ciprofloxacin recovered. They also reiterated that the
outcome of infections during neutropenia was related to the
recovery of the neutrophil count and found that 97% of pa-
tients whose neutrophil count increased above 100 cells/µl
were cured.

4.2 Limitations of this study
First, this was a retrospective study by one physician-
investigator, however, one with 29 years as an infectious
disease physician and 44 years as a physician. Second,

patients were members of Kaiser Health Plan in southern
California and were admitted to 3 Kaiser Permanente Hos-
pitals, so most would have been employed at the time of
admission, or had been employed, to be able to afford health
plan dues, so they might not be representative of the gen-
eral population or of patients managed in other institutions.
However, demographics of members of Kaiser Permanente
San Diego, studied in October, November, and December
2009, were very similar to those of the population of the
county of San Diego (http://wwwnc.cdc.gov/eid/arti
cle/22/2/15-0618-techapp1.pdf). Although Table 1
shows that the per cent of patients meeting the criteria for
granulocyte colony stimulating factor was similar, it is possi-
ble that other institutions may use more potent chemotherapy:
for patients with solid neoplasms, and the risk of infections,
in general, and infections due to P. aeruginosa is greater.
This was a study of FNP with solid neoplasms who have in
the past received less potent cytotoxic chemotherapy than
patients with hematoproliferative/lymphoproliferative ma-
lignancies. The depth and duration of the neutropenia in
the latter patients is usually greater and longer than those
receiving chemotherapy for solid neoplasms and, thus, are
at greater risk for infections, possibly including P. aerugi-
nosa. Thus, one should not extrapolate the findings in this
study to patients receiving chemotherapy for hematoprolifer-
ative/lymphoproliferative malignancies.

In summary, this data supports the use of low dose antibacte-
rial therapy for FNP with solid neoplasms for three reasons.
1) Patients treated with LD vs. HD antibacterials did not
have longer duration of fever 2) or longer LOS. 3) P. aerugi-
nosa is an infrequent pathogen in FNP with solid neoplasms.
A prospective study investigating lower dose antibacterial
therapy for FNP with solid neoplasms would be useful.
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