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Despite significant improvements in supportive care, infection remains a 
significant cause of morbidity and mortality for patients with cancer under
going intensive chemotherapy. This is particularly important for patients 
with hematologic malignancies receiving induction-chemotherapy or bone 
marrow transplantation. Neutropenia «1000 granulocytes/ill) is the most 
significant risk factor with the majority of the infections developing at 
a granulocyte count <500/111 and almost all the bacteremias at <100 granu
locytes/ill (Bodey et al. 1966). 

The lack of adequate cellular inflammatory response during neutropenia 
leaves fever, invariably present, as the earliest sign of infection. Approxi
mately 60% of febrile episodes in neutropenic patients are associated with 
infection, one third of these are bacteremias. Prompt empiric initiation of 
intravenous therapy with broad-spectrum antibiotics with the development 
of fever has been the standard of care for neutropenic patients for almost 3 
decades. With the currently available antibiotic regimens, response rates of 
60% -80% for neutropenic patients with documented infection should be 
expected. Patients with Gram-negative rod bacteremia have lower response 
rates and, if they present with septic shock or antibiotics are not initiated 
promptly, experience the highest morbidity and mortality (Schimpff 
1990). 

The search for more effective and less toxic antibiotic regimens has 
intensified in recent years with the availability of new classes of antibiotics 
(carbapenems, quinolones) and the development of new treatment strategies 
(monotherapy, oral therapy). Some critical issues remain regarding the ideal 
choice of agents for initial therapy: number of agents, need for Gram
positive coverage, need for double Gram-negative coverage, adequacy of 
monotherapy, etc. (Schiffer and Wade 1987; Wade et al. 1985, Wade 1986). 

I will review the patterns of infection, the complicating underlying risk 
factors and the various therapeutic alternatives available for the initial anti
biotic management of the neutropenic cancer patient with fever. 
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Sites of Infection and Organisms 

The most common sites of infection are within the alimentary tract (pharynx, 
esophagus, rectum), the respiratory tract (sinuses, lung), and the skin (bone 
marrow site, catheter related). Infections of the urinary tract are uncommon 
in this patient population. The bacterial pathogens responsible for the initial 
infection are relatively few. Escherichia coli, Klebsiella pneumoniae, and 
Pseudomonas aeruginosa are the most common Gram-negative organisms 
and account for almost 50% of the initial infections. Coagulase-negative 
staphylococci today represent the most frequently recovered Gram-positive 
cocci, although Staphylococcus aureus continues to be a frequent isolate. 
Other important Gram-positive pathogens are Streptococcus species, diph
theroids, and Bacillus species. Anaerobes are infrequently recovered from 
blood cultures, but they may playa significant role as components of poly
microbial infections of the gastrointestinal tract (i.e., necrotizing gingivitis, 
perirectal cellulitis) (Schimpff 1990). 

Patterns of Infection During Neutropenia 

The initial infections are usually caused by bacterial pathogens originating 
from the colonizing flora already present in the patient when first admitted 
to the hospital or at the time chemotherapy is initiated. Subsequent infections, 
in contrast, are often caused by antibiotic-resistant bacteria, yeasts, fila
mentous fungi, and viruses (e.g., cytomegalovirus, CMV). These infections 
constitute a major diagnostic and therapeutic challenge for the management 
of the neutropenic patient. 

Approximately 15%-20% of the initial febrile episodes are bacteremias, 
half of which are caused by Gram-negative bacilli; 20% are microbio
logically documented infections without bacteremia; and 20% are clinical 
infections. Confounding factors in the assessment of febrile neutropenic 
patients are other causes of fever (underlying cancer, drug reactions, blood 
products). 

Clinical Evaluation 

Clinical assessment must include history and physical examination with special 
attention to the skin, the mucous membranes, periodontal tissues, the sinuses 
and lungs, and the perianal and rectal areas. Blood and urine cultures 
should be obtained and intravenous broad-spectrum antibiotics started 
immediately. Radiographic studies of the sinuses and lungs can be postponed 
after antibiotics have begun and the patient has been monitored for the 
onset of untoward reactions (chills, hypotension). 
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Risk Assessment 

A careful analysis of specific risk factors may help anticipate the potential 
source of infection as well as the likelihood of infection with certain pathogens. 
The most significant risk factors include: 

- Type of underlying disease 
- Intensity of chemotherapy 
- Degree of neutropenia 
- Duration of neutropenia 
- Prior infection history 
- Colonization data if available 
- Presence of a long-term intravenous catheter 
- Use of prophylactic antibiotics 

Patients with acute leukemia with profound «100PMN/~I) and prolonged 
neutropenia (>14 days) who are colonized with P. aeruginosa are considered 
as being in the highest risk category. In contrast, patients with solid tumors 
with moderate neutropenia (500-1000PMN/~I) for a short duration of time 
«7 days) are considered within a low-risk category. Patients with oro
pharyngeal mucositis or with indwelling intravenous catheters may be at 
greater risk to present with a Gram-positive infection (Streptococcus species 
or coagulase-negative staphylococci). 

Likewise, the use of prophylactic antibiotics with activity predominantly 
against Gram-negative bacilli (TMP/SMX, quinolone antibiotic) may place 
patients at increased risk of infection by antibiotic-resistant bacteria or by 
Gram-positive pathogens. This has been the case in some centers, particu
larly in Europe, where these agents are routinely used for prophylaxis 
(i.e., increased incidence of streptococcal infection in patients receiving 
ciprofioxacin prophylaxis). 

A serologic evaluation for herpes simplex virus (HSV) is important to 
determine the need for prophylactic acyclovir to prevent HSV reactivation, 
which could increase the morbidity associated with chemotherapy-induced 
mucositis and facilitate bacterial superinfection. A study by Baglin et al. 
(1989) showed that patients with febrile episodes associated with HSV 
infection were less likely to respond to empiric antibacterial therapy alone. 
The high incidence of antibiotic-resistant fever in neutropenic patients 
underscores the importance of recognizing those patients at risk for HSV 
infection so that prophylaxis or early antiviral therapy can be instituted 
promptly. 

Another important factor is the prior history of infection and type of 
clinical response to antibiotics. Some patients have a tendency to suffer 
recurrent infections at the same site with the same organism. History of drug 
allergies, presence of renal dysfunction, colonization with certain organisms, 
and clinical response to previous or concomitant infections are also important. 
Physicians should be aware of the often worldwide changes in the epidemi-
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ology of infections in neutropenic cancer patients and of the trends m 
antibiotic susceptibilities in their local communities. 

Initial Empiric Antibiotic Therapy in Neutropenia 

Optimal Antibiotic Regimen 

The ideal empiric regimen should have some essential attributes: 

- Broad spectrum of activity 
- High bactericidal levels 
- Effective in absence of neutrophils 
- Low potential of emergence of resistance 

The spectrum of activity should naturally include the organisms previously 
discussed. This is, of course, difficult to achieve with only one antimicrobial 
agent. Over the past 3 decades, a large number of studies has underscored 
the importance of utilizing combination therapy with at least two agents 
active against Gram-negative bacilli (Klastersky et al. 1988). Double Gram
negative coverage, preferably with demonstrable synergism against the 
infecting pathogen, has been the cornerstone of empiric therapy (Love et al. 
1980; Klastersky et al. 1977). Synergism appears to be important for patients 
with Gram-negative bacteremia and profound and persistent neutropenia. 
An analysis of 75 neutropenic patients with Gram-negative rod bacteremia 
demonstrated a significantly better response rate for patients with profound 
and persistent bacteremia if treated with a synergistic combination (de 
longh et al. 1986) (Table 1). Patients with recovering neutrophil counts did 
not benefit from the presence of synergism. The standard of care in the com
munity has, by large, conformed to such types of regimens, the most acceptable 
of which have included an amino glycoside (e.g., gentamicin, tobramycin, or 
amikacin) in combination with an antipseudomonal ~-lactam antibiotic (a 
ureidopenicillin or a third-generation cephalosporin). The addition of a third 
agent with antistaphylococcal activity has been recommended by some 
investigators. 

Therapeutic Alternatives 

Over the past 10 years, numerous studies have been performed with non
aminoglycoside-containing regimens in search of less toxic but equally 
efficacious alternatives. The various regimens available today or under 
investigation include: 

1. Aminoglycoside-containing combination regimens: 
- Aminoglycoside + antipseudomonal penicillin 
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Table 1. Seventy-five patients with Gram-negative bacteremia and initial granulocyte 
count <100hll: response, antibiotic susceptibility, and in vitro synergism. (From de 
Jongh et al. 1986) 

Antibiotic susceptibility 
and synergism 

Two antibiotics 
Synergy 
No synergy 
Not evaluable 

Granulocyte Count 

Remained <100/111 
(n) (%) 

11126 
7111 
0/6 
4/9 

42 
64 

44 

Increased to > 100/111 
(n) (%) 

22/26 
9112 
7/8 
6/6 

85 
75 
88 

100 

- Aminoglycoside + third-generation cephalosporin (including "front
loading" approach) 

- Aminoglycoside + carbapenem 
2. Nonaminoglycoside combination regimens: 

- Double ~-lactam combinations 
- ~-Lactam + quinolone antibiotic 
- ~-Lactam + carbapenem 
- Carbapenem + quinolone 

3. Monotherapy 
- Third-generation cephalosporin (ceftazidime) 
- Carbapenem (imipenem) 
- Quinolone (?) 

The aminoglycoside-containing regimens have given the most predictable 
response rates, particularly for patients with Gram-negative rod bacteremia. 
Synergism is seen frequently, whereas emergence of resistance is rare. These 
attributes have made the aminogly-coside-containing regimen the gold 
standard for empiric therapy of the febrile neutropenic patient; however, 
their potential toxicities and the need for close monitoring of blood levels 
make them somewhat impractical. 

Selected double ~-lactam regimens have been as successful as the 
aminoglycoside-containing regimens. In some centers like the University of 
Maryland Cancer Center (UMCC) , the combination of ceftazidime plus 
piperacillin has been routinely used for a number of years. The in vitro 
activity of the double ~-lactam regimens against Gram-negative bacilli is 
characterized by additive ness or indifference, with synergism seen infre
quently. Concern, however, has been raised over the years regarding the 
potential for drug antagonism and the possibility of emergence of resistance 
among Gram-negative bacilli. 

The azlocillin-ciprofloxacin combination, a ~-lactam-quinolone regimen, 
is currently under study at the UMCC. This regimen would obviate the 
disadvantages of the aminoglycoside and the double ~-lactam regimens, and 
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yet provide double (sometimes synergistic) coverage against Gram-negative 
pathogens (Bustamante et al. 1990). 

In vitro studies have shown that imipenem, a potent inducer of ~

lactamases, antagonizes the bactericidal activity of several ~-lactams 

(Bustamante et al. 1986). Imipenem-induced antagonism is most obvious at 
low imipenem concentrations and disappears as the imipenem concentration 
increases. The significance of these findings is unknown, but at the present 
time the use of imipenem-~-lactam combinations is not recommended. 
Whether such combinations can be used effectively, in vivo, without the 
induction of antagonism, has yet to be investigated. 

The carbapenem-quinolone approach has yet to be studied in vivo, 
but in vitro data would suggest the potential for synergism against P. 
aeruginosa and possibly increased Gram-positive activity as well (Bustamante 
et al. 1987). Concern exists, however, regarding the possibility of added 
neurotoxicity for this combination. 

Monotherapy Controversy 

Is monotherapy adequate? When is it a safe and ethical approach? Which 
antibiotics, if any, are best suited for monotherapy in profoundly neutropenic 
patients with single Gram-negative bacillary bacteremia? 

A number of studies utilizing a host of agents as monotherapy have 
now been published. Criticisms and reservations have been raised by many 
investigators and infectious disease practitioners. However, this concept has 
gained strength in some sectors of the medical community, and practitioners 
are presently utilizing this approach and deciding which patients to treat 
with monotherapy on the basis of the underlying risk factors of their indi
vidual patients. Patients with solid tumors and moderate neutropenia are 
frequently treated with single agents. 

Ceftazidime has been extensively studied, and a fairly definitive study by 
Pizzo et al. (1986) from the National Cancer Institute showed that this agent 
was adequate as initial empiric therapy for neutropenia. Multiple antibiotic 
modifications, however, became necessary to maintain a favorable clinical 
response and achieve patient survival through the episode of neutropenia 
(Table 2). Those antibiotic modifications are clearly critical for patients with 
profound neutropenia and Gram-negative bacteremia and must be made 
promptly before the patient deteriorates clinically. Ceftazidime, as expected, 
was suboptimal therapy for the treatment of severe Gram-positive and 
anaerobic infections. 

More recently, neutropenic patients treated with imipenem as a single 
agent have demonstrated good clinical response, similar to that of piperacillin 
plus amikacin, even when single Gram-negative rod bacteremia developed 
in the presence of profound neutropenia (Wade et al. 1987) (Tables 3, 4). 
The response of Gram-positive infections to imipenem is marginal at best, 
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Table 2. Response to ceftazidime versus carbenicillin plus cephalothin and gentamicin. 
(From Pizzo et a1. 1986) 

Evaluable episodes 

Fever of undetermined origin 
Documented infection 

Success without modification 
Success with modification 

Added antibiotic 
Added antifungal 
Added antiviral 
Crossover or change 

Failure 

Triple-antibiotic 
combination 
(n) (%) 

204 
64 
20 31 
38 60 
24 38 
12 19 
1 

20 31 
6 9 

Monotherapy -
ceftazidime 
(n) (%) 

190 
92 
28 30 
54 59 
46 50 
11 12 
2 

12 13 
10 11 

Table 3. University of Maryland Cancer Center: response to imipenem versus 
piperacillin plus amikacin. (From Wade et a1. 1987) 

Imipenem Piperacillin + amikacin 
(n) (%) (n) (%) 

Microbiologically documented 
With bacteremia 20/35 57 27/45 60 
Without bacteremia 28/36 77 35/39 89 

Clinically documented 64171 90 53/71 75 
Total 112/142 78 116/155 75 

Table 4. University of Maryland Cancer Center: response to monotherapy in patients 
with single organism Gram-negative bacteremia. (From Wade et a1. 1987) 

Initial granulocyte count Subsequent Imipenem Piperacillin + 
amikacin 

<100/~1 <100/~1 
Pseudomonas aeruginosa 3/5 
Escherichia coli 111 3/5 
Klebsiella pneumoniae 113 
Other 112 011 

<100/~1 >1001~ 
Pseudomonas aeruginosa 2/2 212 
Escherichia coli 4/5 9/12 
Klebsiella pneumoniae 2/2 2/4 
Other 111 012 

Total 14/18 17/29 
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and the addition of specific anti staphylococcal therapy is usually the norm. 
Similar observations have been made in studies comparing ceftazidime 
to imipenem with fewer antibiotic modifications for patients treated with 
imipenem. Modifications to the initial regimen are, however, unavoidable. 
Depending on the specific study criteria, modifications include addition or 
subtractions of antibiotics and the institution of antiviral and/or antifungal 
therapy. The latter, however, should not be construed as failure of the 
initial empiric antibacterial therapy, since the concept of empiric therapy has 
traditionally been directed toward the therapy of bacterial sepsis. Changes 
in these criteria have now been introduced by many investigators (Pizzo et 
al. 1990). 

Finally, the eventual emergence of resistance to ceftazidime and imipenem 
will probably limit their future use as mono therapy in the years to come. 
Resistance to ceftazidime is being increasingly reported for P. aeruginosa 
and Enterobacter species. Imipenem-resistant Bacteroides fragilis have been 
reported. Streptococcus faecium and Xanthomonas maltophilia are emerging 
as significant pathogens in patients treated with imipenem. Methicillin
resistant Staphylococcus aureus is a problematic organism for the antibiotics 
presently being used as monotherapy. 

An approach evaluated by the EORTC is not strange to many infectious 
disease and oncology practitioners. This approach consists of "front loading" 
with an aminoglycoside-containing regimen and withdrawing the amino
glycoside once the patient stabilizes, particularly if the patient does not have 
a Gram-negative bacteremia. For patients with Gram-negative bacteremia 
studied by the EORTC (trial IV), this approach was inferior to continuing 
therapy with the amino glycoside regimen (ceftazidime plus amikacin) 
(EORTC International Antimicrobial Therapy Cooperative Group 1987) 
(Table 5). This study suggested that combination therapy was necessary for 
the successful outcome of patients with neutropenia and Gram-negative 
bacteremia. Such findings are similar to those reported previously by the 
UMCC (de Jongh et al. 1986; Love et al. 1980). 

Table 5. Response to treatment in 129 patients with single organism Gram-negative 
bacteremia. (Modified from EORTC International Antimicrobial Therapy Cooper
ative Group 1987) 

Ceftazidime- short Ceftazidime-Iong 
amikacin amikacin 
(n) (%a) (n) (%a) 

Escherichia coli 10/21 48 18/24 75 
Pseudomonas aeruginosa 5/13 38 8/9 89 
Klebsiella pneumoniae 011 4/5 80 
Other 5/7 71 8/9 81 

a Patients with response/patients with bacteremia. 
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Vancomycin Controversy 

Should vancomycin be included in the initial empiric antibiotic regimen? If 
so, which patients might benefit from this approach? 

Staphylococcus epidermidis and other coagulase-negative staphylococci 
have become the most frequent pathogens causing infection in neutropenic 
cancer patients (Rubin et al. 1988). Streptococcus species (S. mitis, S. viridans) 
have been increasingly reported in patients receiving high-dose cytosine 
arabinoside and in those on prophylaxis with quinolone antibiotics (nor
ftoxacin, ciproftoxacin). These streptococci cause significant morbidity (pro
longed fevers; acute respiratory distress syndrome, ARDS) and mortality. 
This is in contrast to the general consensus that the more common Gram
positive infections, caused by coagulase-negative cocci, are not associated 
with significant mortality. 

A number of studies have concluded that the initiation of specific anti
staphylococcal therapy (usually vancomycin) can be delayed and should 
only be instituted if staphylococci or other Gram-positive organisms are 
recovered from blood cultures (Rubin et al. 1988). Vancomycin is also 
added empirically in patients with persistent fevers despite optimal "Gram
negative coverage." In centers where the incidence of Gram-positive infec
tions is high, the opposite approach might make sense: start with vancomycin 
as part of the initial regimen and stop it if blood cultures are negative for 
Gram-positive pathogens (Table 6 Shenep et al. 1988; Karp et al. 1986). The 
latter approach, however, does not appear to be justified in most medical 
centers. If there are signs of infection along the subcutaneous tunnel of an 
intravenous catheter, vancomycin should probably be included as initial 
therapy. This would not be considered empiric therapy in the true sense of 
the word but rather "directed" antimicrobial therapy. 

A recent position paper by a consensus panel of the Infectious Diseases 
Society of America (IDSA) proposed using vancomycin as part of the initial 

Table 6. Clinical outcome of antibiotic therapy in 101 febrile patients with neutropenia. 
(From Shenep et al. 1988) 

Outcome 

Treatment success 
Treatment failure 

Persistence of fever 
Fatal breakthrough bacteremia 
Nonfatal breakthrough bacteremia 
Other reasons 

Vancomycin, 
ticarcillin, 
and amikacin 
(n = 53) 
(n) (%) 

45 85 
8 15 
8 15 
o 
o 
o 

Ticarcillin
clavulanate 
and amikacin 
(n = 48) 
(n) (%) 

30 62 
18 38 
11 23 
5 10 
1 2 
1 2 
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therapy in patients with suspected staphylococcal or intravenous catheter
related infection. This consensus panel suggested that certain criteria need 
to be met before considering the use of nonaminoglycoside regimens. For 
example, double ~-lactam regimens may be acceptable in patients without 
profound «100 PMN/J..ll) neutropenia or with previous or impending renal 
dysfunction. Likewise, monotherapy may be utilized, according to the IDSA, 
in patients in low-risk categories. For patients with profound neutropenia, 
the IDSA Consensus Panel recommended the use of an aminoglycoside
containing regimen, particularly if P. aeruginosa infection is expected 
(Hughes et al. 1990). 

Conclusions 

In my opinion, the empmc therapy of the febrile neutropenic patient is 
moving away from the "cookbook" stereotype to a more individualized 
patient-directed approach. Clearly, there is room for all the above-mentioned 
therapeutic alternatives, and continued understanding of the epidemiology 
of these infections will open this arena for even more novel approaches. 
Regardless of the initial empiric antibiotic regimen, the physician has to be 
ready to make modifications (additions or subtractions) as the clinical picture 
changes. 
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