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Fever has long been associated with malignancy and remains a common problem 
in cancer patients. With the advent of cytotoxic therapy, fever in the cancer patient 
has been closely linked with infection, especially when the patient is granulo
cytopenic. Since fever can be the only sign of infection in neutropenic patients, its 
appearance commands a series of diagnostic and therapeutic measures, to be taken 
empirically, that is, without precise knowledge of the nature and cause of the in
fection [1]. This approach is quite different from that usually recommended to deal 
with fever in non-neutropenic patients; under these circumstances, it is important, 
first, to decide whether fever is caused by infection or another process; then, to 
determine the site of the infection and to investigate the offending pathogen through 
a series of microbiological techniques. Finally, when a precise clinical and micro
biological diagnosis is available, the choice of therapy can be made on rational 
grounds. Of course, depending on the acuteness of the disease, these diagnostic 
steps can be accelerated and, occasionnally, presumptive theapy will be also 
prescribed in non-neutropenic patients. If the diagnostic workup is negative 
and fever persists for more than 7 days, it is customary to speak about fever of 
unknown origin (FUO). Then, a series of other diagnostic considerations must be 
considered. 

The pattern of fever is usually unimportant for making a causal diagnosis; in 
cancer patients, just as in those without malignancies, fever is usually the conse
quence of infection; in fact, in patients with neoplasms, a series of factors predisposes 
patients to infection and decreases their resistance to it. Fever, however, can be 
caused by the cancer itself through tumor-related necrosis, hemorrhage, or pyrogens; 
this is definitely a less common cause of pyrexia than infection, with the possible 
exception of certain tumors such as Hodgkin's lymphoma. Because the direct causal 
relationship between tumor and fever is rarely obvious, these pyrexias are often 
considered to be FUO [2]. Finally, fever in cancer patients can be caused by any 
disease, unrelated to infection or cancer, that can affect noncancer patients; here, 
also, if the causal relationship is unclear, the differential diagnosis of FUO is to be 
undertaken; moreover, one has to stress that cancer patients are often exposed to 
various medical interventions that can be responsible, directly or indirectly, for 
fever. 

In neutropenic patients, the pyrexial episode requires prompt intervention, on an 
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empirical basis, as will be discussed later. Neutropenia and fever should be clearly 
defined using criteria such as those generally employed [3]. The criteria for fever 
in a clinical trial should be clearly defined in that trial. One example of fever is an 
oral temperature above 38.5T or above 38°C on two or more occasions during a 
12-hours period. The major risk of acute bacterial infections occurs when the 
polymorphonuclear leukocytes (PML) are below 500/mm3• However, patients 
presenting with more than 500 PML/mm3 but fewer than 1,000 PML/mm3 and 
whose counts are anticipated to fall below 500/mm3 within 24-48 hours, because 
of antecedent therapy are also at risk. Any analysis should evaluate patients with 
fewer than 100 PML/mm3 separately. 

Granulocyte-colony-stimulating factor (G-CSF) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) are hemopoietic growth factors now available 
commercially for use in patients. The predominant effects ofG-CSF are to stimulate 
the survival, proliferation, differentiation, and function of neutrophil granulocyte 
precursors and/or mature cells. GM-CSF acts not only on cells of the neutrophil 
lineage but also on cells of the eosinophil and monocyte-macrophage lineages. The 
hematological effects of G-CSF and GM-CSF alone in cancer patients have also 
been recently reviewed [4] and provide a basis for understanding their effects when 
used in conjunction with chemotherapy agents. An illustration of the hematological 
effects of postchemotherapy CSF comes from an American study of G-CSF given 
in a preventive manner, commencing the day after a 3-day chemotherapy regimen 
for small-cell lung cancer and continuing for 14 days [5]. The effects of shortening 
the duration of neutropenia and elevating the nadir neutrophil level persisted through
out six cycles of chemotherapy. Similar effects of preventive treatment with GM
CSF on neutrophil levels after chemotherapy have been described. GM-CSF also 
elevates eosinophil levels during leukocyte recovery. Platelets levels have appeared 
reduced in some studies of postchemotherapy GM-CSF, but this has not clearly 
been of clinical significance. 

Neutropenia predisposes the patient to severe and rapidly progressing infection 
by bacterial and fungal pathogens; it also interferes with the usual clinical mani
festations of sepsis. Therefore, empirical therapy has become an accepted practice 
and has been designed to cover the most likely pathogens, namely, gram-negative 
rods and especially Pseudomonas aeruginosa, in the earliest studies. Of course, 
besides 'microbiologically defined infections,' in some patients no microbiological 
or clinical cause for the infection will be found ('unexplained fever'); in others, 
only clinical clues will lead to a presumptive diagnosis of infection (,clinically 
defined infection'). The criteria for these categories have been established [3] and 
are widely accepted. In Table 1 the proportion of microbiologically documented 
and clinically defined infections and that of unexplained fevers is indicated, as 
observed in recent EORTC trials. 

As can be seem in Table 2, during the two past decades we have witnessed a 
progressive reduction of gram-negative infections and a gradual rise of gram-positive 
ones, those caused by Staphylococcus epidermidis and the streptococci. Table 3 
summarizes the nature of the most common pathogens causing fever in neutropenic 
patients. 
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Table 1. Infection documentation in IA TCG trials VIII and IX 

Microbiologically defined 
Bacteremia 
Bacterial-nonbacteremic 
Viral 
Fungal 
Mixed 

Clinically defined 
Unexplained fever 
Fever not related to infection 

Total 

314 
61 
12 
23 

8 

332 
493 

47 

1290 

(24%) 
(5%) 
(1 %) 
(2%) 
(0.5%) 

(26%) 
(38%) 
(3.5%) 

Table 2. Microbiological nature of febrile neutropenia: Single-organism bacteremia in EORTC trials 

I II III IV V 
Infection (1973-1978) (1978-1980) (1980-1983) (1983-1986) (1986-1988) 

Single-organism 
bacteremias 145/453 115/419 141/582 219/872 213/749 

No. of febrile 
episodes (%) 32% 27% 24% 25% 28% 

Gram-negative 
bacteremias 103 (71 %) 74 (64%) 83 (59%) 129 (59%) 78 (37%) 

Gram-postive 
bacteremias 42 (29%) 37 (36%) 58 (41 %) 90 (41 %) 135 (63%) 

Table 3. Common microorganisms causing infection during granulocytopenia 

Gram negative 
Enterobacteriaceae 
Pseudomonas aeruginosa 
Salmonella species 

Gram positive 
Staphylococcus coagulase-negative 
Alpha-streptococci 
Streptococcus pneumoniae 
Staphylococcus coagulase-positive 
Corynebacterium JK 

Anaerobic cocci and bacilli 

Opportunistic agents 
Candida species 
Aspergillus species 
Pneumocystis carinii 
Nocardia species 

Coverage for gram-negative microorganisms 

VIII 
(1989-1991) 

151/694 

22% 

47 (31 %) 

104 (60%) 

Most initial studies concentrated on the coverage for gram-negative infections since 
they were overwhelmingly more frequent than any other pathogens. Actually, in the 
princeps paper by Schimpff et al. [6], demonstrating the efficacy of carbenicillin plus 
gentamicin as empiric therapy for febrile patients with cancer and granulocytopenia, 
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it was unclear whether the benefit resulted from the choice of those antibiotics or 
from the early onset of treatment. Most likely both are important, but empiric 
therapy has become an accepted practice. One prerequisite for successful coverage 
of gram-negative infection is a broad spectrum of antimicrobial activity. This can 
be provided by broad-spectrum agents or/and combination therapy but is constantly 
jeopardized by changes in susceptibility of microbes to antibiotics. 

The EORTC studies have clearly indicated that combinations of ~-lactam anti
biotics with aminoglycosides were superior to ~-lactams alone in severely neutropenic 
patients. A first study indicated that carbenicillin plus gentamicin was superior to 
carbenicillin plus cephalothin [7], and a subsequent trial found that amikacin added 
to ceftazidime throughout the therapeutic course was more effective than when 
given only for 3 days [8]. Although the superiority of the combinations of ~
lactams with aminoglycosides might be related to the broader spectrum that the 
combination provides, there are indications that it may be related to synergistic 
action, the importance of which in compromised patients has been underlined in 
several in vitro and clinical studies [9,10]. A more recent study re-examined the 
role of aminoglycosides in neutropenic patients [11]. Patients were randomly as
signed to ceftazidime or imipenem, with or without amikacin; the combination of 
ceftazidime plus amikacin was superior to ceftazidime alone, whereas imipenem 
was as effective as imipenem plus amikacin. 

It should be emphasized that the beneficial effect of aminoglycoside-containing 
combinations has been detected primarly in severely neutropenic patients [4,8]. 
This may explain why ceftazidime was found as effective as ceftazidime plus 
tobramycin [12] or a triple combination of cephalothin, carbenicillin, and gentamicin 
[13] in patients, all of whom were not neutropenic and/or had a short-lived and 
moderate neutropenia. 

The emergence of resistance to B-Iactams among gram-negative bacilli has been 
a serious recent problem, related to the production of a large number of ~-lactamases, 
some with unique characteristics [14]. These resistant strains (Enterobacter spp., 
Citrobacter spp., Xanthomonas maltophilia, Pseudomonas spp., etc.) are more likely 
to emerge in settings in which a single antibiotic has been used consistently for 
prolonged periods. This has been the case after prolonged use of co-trimoxazole for 
prevention of infection in neutropenic patients [15] and is now being seen after 
prophylaxis with quinolones (M. Glauser, personnal communication). 

The diversity of gram-negative organisms causing infection in neutropenic 
patients and the variability of their sensitivity to antibiotics makes it increasingly 
difficult to recommend a single regimen as the best empirical therapy for fever in 
neutropenic patients to be used for all patients in all institutions. The experience of 
individual institutions in terms of antibiotic usage and microbiological surveillance 
is essential to select the optimal regiments. What can be concluded at this time is 
that although the frequency of gram-negative pathogens has decreased as a cause 
of infection in neutropenic patients, these pathogens still represent a serious threat 
and should be covered empirically. In patients with acute leukemia and severe 
granulocytopenia, especially if it is expected to be longlasting, the combination of 
a broad-spectrum ~-lactam (ceftazidime, cefoperazone, ceftriaxone, etc.) with an 
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aminoglycoside is probably indicated if there are no contraindications for the use 
of aminoglycosides. In other instances, single drug therapy is probably sufficient; 
it should be performed with a broad-spectrum cephalosporin. The experience with 
quinolones or aztreonam, as single drug empirical therapy, is more limited [16,17]. 
It should be stressed that if those antibiotics are used, a suitable coverage of gram
positive microorganisms should be associated. 

At this point it is important to underline that modifications can be made of the 
initial regimen in order to cope with potential toxicity and/or the nature and sus
ceptibility of the identified pathogen [13]. An algorithm for antimicrobial therapy 
adaptation is proposed in figures 1 and 2. There are limited data on restrictive 
adjustments of therapy once the offending pathogen is known. Most investigators 
would agree that if a patient is on both anti-gram-positive (vancomycin or teico
planin) and anti-gram-negative coverages, the former can be discontinued if a gram
negative pathogen is isolated. 

On the other hand, under the same condition if a gram-positive organism is 
isolated, one would hesistate to discontinue anti-gram-negative coverage. Earlier 
studies have shown that early discontinuation of such a therapy in patients who 
remain febrile and granulocytopenic can lead to fulminant bacterial infection upon 
discontinuation of empiric therapy, even if blood cultures taken initially remained 
negative. Of course, anti-gram-negative therapy can be simplified at this point, and 
in most cases a single drug (ceftazidime, ceftriaxone, imipenem) would appear 
sufficient as a companion antibiotic to the anti-gram-positive coverage; the latter 
can be adapted to the nature and sensitivity of the isolated microorganisms. 

The algorithm shown in Figure 2 will probably be helpful in most cases of 
documented bacteremias occurring in neutropenic paients. It does not take into 
account the case of bacteremia caused by unusual microorganisms with unexpected 
sensitivities; in addition, the physician has to take into consideration the changes 
in susceptibility of more usual pathogens, which often occurs as the result of anti
biotic pressure. 

Fungal and viral infections 

Fungal infection can be documented in 5 percent of patients as the initial febrile 
neutropenia; that figure has not changed much for years. It is obvious that bacterial 
and fungal sepsis can coexist and that the bacteremia might overshadow the more 
difficult to document fungal infection; the latter will manifest itself as a persisting 
or recurring fever after the eradication of bacteremia by empirically prescribed 
antibiotics. This explains why it has become accepted to administer amphotericin 
B empirically to those granulocytopenic patients who remain febrile after a few 
days of broad-spectrum antimicrobial therapy and in whom no bacteria can be 
documented [18]. As neutropenia persists, the risk of fungal infection increases; 
many fevers in patients with prolonged neutropenia will be caused by fungi. 

Viral infection is rarely diagnosed in neutropenic patients without concomitant 
immunosuppression, as it occurs after bone marrow transplantation. Herpes simplex 
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Fever and severe granulocytopenia 
« SOO/mm3) 

I 
Combination antibiotic (Ab)therapy : 

cephalosporin ± aminoglycoside ± vancomycin 
I 

Evaluation after 48-72 h 
I 

GP of GN pathogen 
identified in ,lOOd cultures 

No pathogen isolated 

Adjust therapy to sensitivity 

Response 

I 
No response No response Response 

r--I -.1--1 --_I 
Bacteremia persists FUO 

I I 
Look for localized infection 

Consider GM-G-CSF 
Continue Ab (± amino
glycoside, vancomycin) 

I 

Clinical focus 
or infection 

Add amphotericinB 
Consider antivirals 

No clinical site 
or infection 

I 
Amphotericin B 
and antivirals 
Consider GM-CSF 
Check for non
infectious causes of 
fever (drugs, 
thrombosis, etc.) 

Figure 1. Guidelines for the diagnostic and therapeutic approach of febrile episodes in granulocytopenic 
patients. FDa = fever of unknown origin; GM-G-CSF = granulocyte-macrophage-colony-stimulating 
factor; GN = gram-negative; GP = gram-positive. 

virus causes fever quite early after bone transplantation during the neutropenic 
episode; in most centers involved in bone marrow transplantations, prophylactic 
acyclovir is administered to prevent these infections [19]. Cytomegalovirus (CMV) 
causes infection, which, in cancer patients at least, most often manifests itself as a 
diffuse interstitial pneumonitis; these infections occur usually once the patient is no 
longer neutropenic though still severely immunosuppressed. Fever under these cir
cumstances, especially if associated with pulmonary symptoms, is an indication for 
bronchoalveolar lavage (BAL) and subsequent therapy based on the findings; if 
BAL is not available or feasible, CMV and Pneumocystis carinii should both be 
covered with ganciclovir and co-trimoxazole. In fact, in many centers handling 
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Figure 2. Modification of empirical therapy according to microbiological results. 

Ceftazidime 

+ amikacin 

patients having bone marrow transplants, it has become customary to perform BAL 
30 days after the transplant even in asymptomatic patients and, if positive for 
CMV, to treat the patient at that point [20]. 

Coverage for gram-positive organisms 

Gram-positive pathogens have emerged as significant pathogens in neutropenic 
patients in the last decade. The most common organisms have been Staphylococcus 
epidermidis, Corynebacterium jeikeium, and various strains of alpha-hemolytic 
streptococci. The widespread use of intravenous catheters has been largely respon
sible for that increase, as well as the use of prophylactic agents such as quinolones, 
frequent administration of potent antiacids, and the development of chemotherapeutic 
regimens leading to more severe mucositis. 

Although some of these infections, especially those caused by Staphylococcus 
epidermidis, can be quite indolent, it is not always the case with the streptococci. 
These infections can be associated with high fever, chills, and rash; some can be 
fulminant and cause death within hours after the onset of symptoms; they can cause 
an acute respiratory distress syndrome (ARDS) or renal failure [21,22]. 

The emergence of gram-positive organisms, some of which are resistant to 
penicillin and penicillinase-resistant penicillins or cephalosporins, has led to sub
stantial changes in the selection of antibiotics to be used for empirical therapy in 
febrile neutropenic patients. Because vancomycin and teicoplanin are currently the 
two only antibiotics that cover all the gram-positive pathogens, it has been proposed 
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to add such agents to the gram-negative coverage. Several controlled studies de
monstrated a benefit from such an approach [12,23-25], although in some of these 
studies it was felt, in retrospect, that early vancomycin therapy was not necessary 
for many of these infections, since the mortality rate was small. Other studies did 
not document a clear benefit from early vancomycin therapy [26,27]. These diver
gences make the appropriate use of vancomycin a controversial issue. This is most 
likely due to the fact that many studies lump together all kinds of gram-positive 
infections. As a matter of fact, Staphylococcus epidermidis, which is usually 
methicillin resistant and thus requires vancomycin or teicoplanin for therapy, causes 
indolent infections, and delays in appropriate therapy do not jeopardize a favorable 
outcome. On the other hand, streptococcal infection and sepsis due to Staphylococcus 
aureus, which can be fulminant, rarely require vancomycin as a specific treatment: 
Many strains are susceptible to antibiotics included in standard regimens or can be 
treated with broad-spectrum penicillins. A recent study by EORTC indicates that 
piperacillin-tazobactam plus amikacin is more active on gram-positive infections than 
ceftazidime plus amikacin; both regimens were equally active on gram-negative 
infections [28]. 

At this point it can be concluded that vancomycin should be used empirically 
only in institutions where fulminant gram-positive infections, caused by methicillin
resistant organisms, is common. In other circumstances it can be added safely once 
the nature of the pathogen is recognized. Although rarely reported so far, the 
emergence of vancomycin-resistant strains has been observed [29]. Because there 
is no substitute for vancomycin or teicoplanin for therapy of some infections due 
to methicillin-resistant pathogens, caution should be advised as far as the widespread 
use of these drugs is concerned; this recommendation implies that vancomycin 
should be promptly discontinued, if used empirically, as soon as its use is not sup
ported by microbiological data. Moreover, its prophylactic use should be discouraged. 
Finally, alternative empirical regimens, offering a better coverage for gram-positive 
organisms than the standard regimens, which are designed to cope primarily with 
the infections caused by the gram-negative pathogens, should be investigated. 

Newer aspects and perspectives of empirical antibiotic therapy 

More recently, emphasis has been placed on the importance of various prognostic 
factors for the outcome of febrile neutropenia [30]. It is likely that consideration of 
these factors will influence the nature and modality of empirical therapy in the 
future. It seems likely that some neutropenic patients, at low risk for fulminant 
sepsis, will be more often treated as ambulatory patients or even at home [31]. The 
availability of orally absorbed regimens, namely, the quinolones and various pumps 
for intravenous therapy, makes the outpatient approach possible [32]. 

A more targeted antibiotic therapy is also a possibility for some specific syndromes 
that occur in patients with neutropenia, such as typhlitis and perirectal abscesses. 
These infections are usually caused by multiple enteric organisms, and their coverage 
should provide adequate treatment gains, not only with the usual gram-negative 
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organisms but also anaerobes and streptococci from the digestive tract. Pneumonia 
is another frequent infection in neutropenic patients, and the response of its 
bacteremic form to empirical therapy is often poorer than that of bacteremia not 
associated with pneumonia [33]. This may be due to the failure to recognize the 
infecting pathogen. New diagnostic procedures, such as bronchoalveolar lavage and 
early use of computed tomography scans, might be useful to improve the prognosis 
of pneumonia during febrile neutropenia. 

Superinfection by fungal pathogens or resistant bacteria is often associated with 
protracted neutropenia and prolonged use of broad-spectrum antibiotics, which 
suppress the growth of normal gastrointestinal flora, permitting fungal overgrowth. 
No specific regimen appears to be associated with a peculiar frequency or nature 
of superinfection [33]; factors other than antibiotic therapy and duration of 
neutropenia might be important [34]. As already mentionned, what is called fungal 
superinfection may represent in some cases the delayed appearance of initial fungal 
infection. Since the early diagnosis of fungal infection is difficult, a special effort 
should be made to investigate novel diagnostic means and to evaluate prognostic 
factors, allowing for early recognition of these fungal infections. These developments 
might alter the choice of empirical therapy for some patients with febrile neutropenia 
who might benefit from earlier administration of antifungal agents. 

Finally, the introduction of cytokines for the management of infectious com
plications in cancer patients will have an important role in the future of empirical 
therapy. These agents with hematopoietic growth stimulatory and/or immuno
enhancing properties have been shown to have clinical utility in patients with 
febrile neutropenia. GM-CSF and G-CSF offer a definite benefit for the prevention 
of infections during neutropenia by restoring phagocytic cells sooner after therapy. 
The use of these agents in patients with protracted neutropenia will decrease the 
need for empirical antibiotics and will most likely influence their choice. Moreover, 
it is likely that some of these cytokines, such as M-CSF, may have activity against 
specific infections, namely, those caused by fungi. Their early use in some patients 
with febrile neutropenia may in the future modify our choices regarding empirical 
antibacterial and antifungal therapy. The use of bone marrow-stimulating agents 
may also favorably influence the rate of bacterial and fungal superinfections by 
shortening the duration of severe neutropenia. 

Conclusions 

There are still problems to be solved with empirical therapy of febrile neutropenia. 
As summarized in Table 4, these problems mainly consist of 
1. Increase in the frequency of gram-positive microorganisms, some of which are 

methicillin resistant 
2. Increase in the number of \3-lactamases in gram-negative microorganisms 
3. Emergence of new and/or resistant pathogens based on institutional practices 
4. Appearance of specific clinical and microbiological syndromes according to 

novel cancer therapy 
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Table 4. Problems with empirical therapy 

I. Increase in the frequency of gram-positive microorganisms, some of which are methicillin resistant 
2. Increase in the number of B-Iactamases in gram-negative microorganisms 
3. Emergence of new and/or resistant pathogens based on institutional practices 
4. Appearance of specific clinical and microbiological syndromes according to novel cancer therapy 

Table 5. Perspectives for empirical therapy 

I. Constant adaptation of antibacterial regimens to emergence of resistant strains 
2. Definition of prognostic factors influencing the outcome of febrile neutropenia and allowing for 

adapted therapy 
3. Ambulatory and home therapy for patients with optimal prognosis 
4. Use of cytokines to restore bone marrow function in patients with poor prognosis 
5. Recognition of risk factors for fungal infections and improvement of diagnostic approaches; early 

therapy with novel drugs and cytokines 

Febrile neutropenia has been a changing syndrome over the last years. The 
perspectives and goals that we face today are summarized in Table 5. They are 
mainly 
1. Constant adaptation of antibacterial regimens to the emergence of resistant strains 
2. Definition of prognostic factors influencing the outcome of febrile neutropenia 

and allowing for adaptation of therapy 
3. Ambulatory and home therapy for patients with optimal prognosis 
4. Use of cytokines to restore bone marrow function in patients with a poor prognosis 
5. Recognition of risk factors for fungal infections and improvement of diagnostic 

approaches; early therapy with novel drugs and cytokines 
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