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Febrile neutropenia is one of the most serious adverse events 
related to chemotherapy and results in significant morbidity and 
mortality. All patients undergoing chemotherapy are subject to 
infections: 48%–60% of febrile neutropenic patients were found 
to have an infection, while 16–20% of profoundly neutropenic 
patients developed bacteremia [1-3]. In recent years, the treat-
ment of patients with febrile neutropenia has greatly improved 
and the overall mortality rate has decreased from 21% to 7% [4]. 
However, it remains a frequent and life-threatening complica-
tion of chemotherapy. Fortunately, the management of febrile 
neutropenia is based on a solid body of evidence gleaned from 
randomized controlled trials and systematic reviews [5]. New 
evidence demonstrates that antibiotic prophylaxis in neutropenic 
patients does indeed reduce mortality.

In a previous systematic review and meta-analysis of 
randomized controlled trials [6] we compared prophylactic 
antibiotic therapy to placebo or no intervention or another 
antibiotic regimen in neutropenic patients receiving chemo-
therapy. This analysis included 95 randomized controlled 
trials conducted between 1973 and 2004 with 9283 patients. 
Death from all causes was reduced by 33% (95% confidence 
interval 19–45%) in neutropenic patients given any antibiotic 
prophylaxis, and by 48% (95% CI 23–65%) in patients given 
fluoroquinolones for prophylaxis. Two large contemporary ran-
domized controlled trials published in 2005 also offer firm 
evidence on the benefits of prophylaxis. The GIMEMA trial 
[7] included 760 hospitalized adult patients in whom chemo-
therapy-induced neutropenia was expected to last for more 
than 7 days. Acute leukemia and autologous peripheral blood 
stem cell transplantation were the most common indications 
(94%). Patients were randomized to receive oral levofloxacin 
500 mg once daily or placebo from the start of chemotherapy 
until resolution of neutropenia. Patients given levofloxacin for 
prophylaxis had a relative risk of 0.54 (95% CI 0.25–1.16) for 

CI = confidence interval

mortality compared to the placebo group, a decrease of 46%. 
In the SIGNIFICANT trial [8], 1565 patients with solid tumors 
and lymphomas were randomized to receive either levofloxacin 
500 mg once daily or placebo after chemotherapy, for 7 days 
to cover the period of anticipated neutropenia, during up to 
six cycles of chemotherapy. In patients given levofloxacin the 
30 day mortality was 1.5% (12 of 781 patients) and in the 
placebo group 2.3% (18 of 784) – a relative risk of 0.67 (95% CI 
0.32–1.38) (unpublished data). A significant reduction in febrile 
episodes, bacterial infections and hospitalizations was shown 
during the first cycle of chemotherapy and for all cycles. This 
is by far the largest study evaluating prophylaxis in patients 
with solid tumors and lymphoma. 

Concerns about antibiotic treatment include the cost of the 
drug, its toxicity, and induction of antimicrobial resistance. 
Since fluoroquinolones are known to be well tolerated and 
have an acceptable safety profile, the main consideration 
against the use of prophylaxis is induction of resistance. In our 
meta-analysis, patients given fluoroquinolones did not develop 
more infections with pathogens resistant to the drug than 
those given placebo (relative risk 1.04, 95% CI 0.73–1.5), since 
the overall number of infections in the treatment group was 
lower. A third of the microbiologically documented infections 
were resistant to the study drug in the treatment group and 
no data were available for cross-resistance to other antibiotics. 
However, regarding the individual, mortality was reduced and 
the overall impact of prophylaxis despite the potential harms 
of resistance induction was undoubtedly beneficial. As for 
the microenvironment, many reports document emergence of 
bacteria resistant to fluoroquinolones in hospital departments 
in which prophylaxis is practiced [9-12]. However, the clinical 
implication remains unclear. Several observational studies 
examined the outcomes in neutropenic patients in settings 
with a high resistance to fluoroquinolones when antibiotic 
prophylaxis is discontinued [13-17]. Three trials showed an 
increase in mortality, bacteremia or febrile episodes when pro-
phylaxis was discontinued [13-15], one showed a statistically 
non-significant increase in bacteremia and febrile episodes 
[16], and in another the incidence of febrile episodes was 
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not affected [17]. As for the population at large, the quantity 
of fluoroquinolones to be given as prophylaxis to patients 
with acute leukemia is probably negligible compared to the 
consumption of fluoroquinolones for more common infections, 
such as infection of the urinary tract. 

Thus, existing evidence, including two very recent trials, 
provide strong evidence of reduced mortality due to prophylaxis, 
and clinicians should seriously consider antibiotic prophylaxis for 
neutropenic patients. We will discuss which drugs to use, which 
patients should be offered prophylaxis, and local factors that may 
affect decisions. 

Choice of drug
In early trials trimethoprim-sulfamethoxazole was used, but 
this agent has several disadvantages, including side effects and 
prolongation of neutropenia. In addition, there has been an 
increase in resistance of Gram-negative isolates to TMP-SMZ in 
the last two decades. In our medical center, fewer than 50% of 
Gram-negative isolates in neutropenic patients are susceptible 
to TMP-SMZ. Fluoroquinolones were introduced in the 1980s 
and became popular due to their broad antimicrobial spectrum 
and lack of myelosuppression. In our meta-analysis, studies 
comparing fluoroquinolones to the control yielded a relative 
risk for all-cause mortality of 0.62 (95% CI 0.45–0.86), whereas 
in studies using TMP-SMZ the RR was 0.71 (95% CI 0.49–1.02) 
[6]. Therefore, fluoroquinolones are probably the better choice. 
Ciprofloxacin, in doses ranging between 500 mg per day and 
750 mg twice daily, reduced all-cause mortality; RR 0.32 (95% 
CI 0.13–0.82). The two recent larger trials used levofloxacin in 
a single daily dose of 500 mg. Clinicians can choose to use 
either ciprofloxacin or levofloxacin for prophylaxis based on the 
advantage of ciprofloxacin against Pseudomonas aeruginosa, or of 
levofloxacin against Gram-positive bacteria, according to local 
distribution of pathogens among neutropenic cancer patients in 
each medical facility. 

Which patients should be offered antibiotic 
prophylaxis?

•   Patients treated for acute leukemia or undergoing ablative bone marrow 
treatment before transplantation

We updated our meta-analysis [6] with the two new trials [7,8] 
and divided trials according to the type of patient. Most studies 
comprised adult patients. In the studies including only patients 
with acute leukemia who received chemotherapy and underwent 
stem cell transplantation, prophylaxis with fluoroquinolones 
reduced the risk of death from any cause by 33% (95% CI 2–54%). 
Since mortality during neutropenia has declined in recent years, 
a death rate of 5.5% in the control group was used (derived from 
studies that were performed after the year 2000) to estimate 
that 55 high risk patients need to be given prophylaxis with a 
fluoroquinolone to prevent one death. 

TMP-SMZ = trimethoprim-sulfamethoxazole
RR = relative risk

•   Patients treated for solid tumors or lymphoma
In the four studies in our meta-analysis comparing fluoroquino-
lones to a control in patients with solid tumors or lymphoma, 
prophylaxis reduced the rate of death during the first month; 
RR 0.51 (95% CI 0.27–0.97). Using the death rate in the control 
groups of studies performed after 2000 (2.5%), the number 
needed to treat to prevent one death during the first month 
of treatment for solid tumors and lymphoma was 82. The 
SIGNIFICANT trial [8] addressed the question of prophylaxis for 
all cycles of treatment in these patients. At the end of follow-
up the mortality rates were 4% (31 of 781) in the levofloxacin 
group and 4.6% (36 of 784) in the placebo group; RR 0.86 (95% 
CI 0.54–1.38) (unpublished data). In the same trial 47% of the 
deaths occurred during the first month. The second largest study 
of fluoroquinolone prophylaxis in neutropenic patients with solid 
tumors was published by Tjan-Heijnen et al. [18]. In patients 
given ciprofloxacin plus roxythromycin, the 30 day mortality was 
1% (1 of 82 patients), and in the placebo group 5% (4 of 79) 
– a RR of 0.24 (95% CI 0.03–2.11) (unpublished data). Existing 
evidence points to an advantage to prophylaxis in patients given 
chemotherapy for solid tumors or lymphoma, at least for the first 
cycle of chemotherapy as it significantly reduces the chances of 
death during the first month. Evidence is less clear for the whole 
duration of chemotherapy. 

Setting
The spectrum of pathogens observed among patients in the 
medical center and baseline susceptibility to fluoroquinolones 
should be the local determinants of prophylaxis use. In Israel, 
several medical facilities have documented a predominance 
of Gram-negative infections among cancer patients [19,20]. In 
our center during the last two decades, Gram-negative bacteria 
accounted for 55–70% of all bloodstream infections occurring 
among neutropenic patients. The resistance of Gram-negative 
blood isolates to ciprofloxacin in the first 48 hours of hospitaliza-
tion was 18.3%, similar to that reported in the GIMEMA study [7]. 
The GIMEMA study was conducted in a population with a nearly 
50% resistance to fluoroquinolones for all pathogens, and 20% 
resistance in Gram-negative blood isolates in the control group. 
It was conducted in Italy, a country with a baseline resistance 
of about 20% in Gram-negative isolates from the community 
[21] and medical departments [22]. Given that fluoroquinolone 
prophylaxis reduces mainly Gram-negative infections and the 
fact the prophylaxis was shown to be effective in settings with a 
similar epidemiology to Israel, prophylaxis using fluoroquinolones 
seems warranted in our locale. Individual hospitals should moni-
tor pathogen prevalence and susceptibilities to guide the decision 
to use prophylaxis and the choice of the fluorquinolone. 

Conclusions
Recent research confirms that fluoroquinolone prophylaxis re-
duces mortality, with a low number of patients needed to treat 
to prevent one death. Patients with acute leukemia treated with 
high dose chemotherapy and patients undergoing hematopoietic 
stem cell transplantation should be offered prophylaxis with cip-
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rofloxacin or levofloxacin. Pending further research, prophylaxis to 
cover the expected period of neutropenia should be considered 
for the first cycle of treatment in patients with solid tumors or 
lymphoma. 

Acknowledgment. We are grateful to Dr. Michael Cullen for sup-
plying full mortality data from his study [8], and Dr. Vivianne 
Tjan-Heijnen and Ms. Muriel Debois for supplying mortality data 
from their study [18].

References
1. Bodey GP, Buckley M, Sathe YS, Friereich EJ. Quantitative rela-

tionships between circulating leukocytes and infection in patients 
with acute leukemia. Ann Intern Med 1966;64:328–40.

2. Schimpff SC. Empiric antibiotic therapy for granulocytopenic can-
cer patients. Am J Med 1986;80(Suppl 5c):13–20.

3. Lucas KG, Brown AE, Armstrong D. The identification of febrile, 
neutropenic children with neoplastic disease at low risk for bac-
teremia and complications of sepsis. Cancer 1996;77:791–8.

4. Viscoli C, Castagnola E. Planned progressive antimicrobial therapy 
in neutropenic patients. Br J Haematol 1998;102:879–88.

5. Paul M, Leibovici L. Systematic reviews and meta-analysis of 
febrile neutropenia. Mayo Clin Proc 2005;80:1122–5.

6. Gafter-Gvili A, Fraser A, Paul M, Leibovici L. Meta-analysis: anti-
biotic prophylaxis reduces mortality in neutropenic patients. Ann 
Intern Med 2005;142:979–95. 

7. Bucaneve G, Micozzi A, Menichetti F, et al. Levofloxacin to pre-
vent bacterial infection in patients with cancer and neutropenia. 
N Engl J Med 2005;353:977–87. 

8. Cullen M, Steven N, Billingham L, et al. Antibacterial prophylaxis 
after chemotherapy for solid tumors and lymphomas. N Engl J 
Med 2005;353:988–98.

9. Cometta A, Calandra T, Bille J, Glauser MP. Escherichia coli resis-
tant to fluoroquinolones in patients with cancer and neutropenia. 
N Engl J Med 1994;330:1240–1.

10. Kern WV, Andriof E, Oethinger M, Kern P, Hacker J, Marre R. 
Emergence of fluoroquinolone-resistant Escherichia coli at a cancer 
center. Antimicrob Agents Chemother 1994;38:681–7. 

11. Baum HV, Franz U, Geiss HK. Prevalence of ciprofloxacin-resistant 
Escherichia coli in hematologic-oncologic patients. Infection 2000;28: 
278–81.

12. Razonable RR, Litzow MR, Khaliq Y, Piper KE, Rouse MS, Patel 
R. Bacteremia due to viridans group streptococci with diminished 
susceptibility to levofloxacin among neutropenic patients receiv-
ing levofloxacin prophylaxis. Clin Infect Dis 2002;34:1469–74.

13. Kern WV, Klose K, Jellen-Ritter AS, et al. Fluoroquinolone resis-

tance of Escherichia coli at a cancer center: epidemiologic evolu-
tion and effects of discontinuing prophylactic fluoroquinolone use 
in neutropaenic patients with leukaemia. Eur J Clin Microbiol Infect 
Dis 2005;24:111–18.

14. Reuter S, Kern WV, Sigge A, et al. Impact of fluoroquinolone 
prophylaxis on reduced infection-related mortality among patients 
with neutropenia and hematologic malignancies. Clin Infect Dis 
2005;40:1087–93. 

15. Martino R, Subira M, Altes A, et al. Effect of discontinuing pro-
phylaxis with norfloxacin in patients with haematologic malignan-
cies and severe neutropaenia. A matched case-control study of 
the effect on infectious morbidity. Acta Haematol 1998;99:206–11.

16. Delarive P, Baumgartner JD, Glauser MP, Cometta A. Evaluation 
de la prophylaxie antibiotique chez les patients neutropéniques 
avec hémopathie maligne. Schweiz Med Wochenschr 2000;130:1837–
44.

17. Gomez L, Garau J, Estrada C, et al. Ciprofloxacin prophylaxis in 
patients with acute leukemia and granulocytopenia in an area 
with a high prevalence of ciprofloxacin-resistant Escherichia coli. 
Cancer 2003;97:419–24.

18. Tjan-Heijnen VC, Postmus PE, Ardizzoni A, et al. Reduction of 
chemotherapy-induced febrile leucopenia by prophylactic use of 
ciprofloxacin and roxithromycin in small-cell lung cancer patients: 
an EORTC double-blind placebo-controlled phase III study. Ann 
Oncol 2001;12:1359–68.

19. Greenberg D, Moser A, Yagupsky P, et al. Microbiological spec-
trum and susceptibility patterns of pathogens causing bacterae-
mia in paediatric febrile neutropenic oncology patients: compari-
son between two consecutive time periods with use of different 
antibiotic treatment protocols. Int J Antimicrob Agents 2005;25: 
469–73.

20. Elishoov H, Or R, Strauss N, Engelhard D. Nosocomial coloniza-
tion, septicemia, and Hickman/Broviac catheter-related infections 
in bone marrow transplant recipients. A 5-year prospective study. 
Medicine (Baltimore) 1998;77:83–101.

21. Fadda G, Nicoletti G, Schito GC, Tempera G. Antimicrobial 
susceptibility patterns of contemporary pathogens from uncom-
plicated urinary tract infections isolated in a multicenter Italian 
survey: possible impact on guidelines. J Chemother 2005;17:251–7.

22. Luzzaro F, Vigano EF, Fossati D, et al. Prevalence and drug sus-
ceptibility of pathogens causing bloodstream infections in north-
ern Italy: a two-year study in 16 hospitals. Eur J Clin Microbiol 
Infect Dis 2002;21:849–55.

Correspondence: Dr. A. Gafter-Gvili, Dept. of Medicine E, Rabin 
Medical Center (Beilinson Campus), Petah Tikva 49100, Israel.
Phone: (972-3) 937-6500; Fax: (972-3) 937-6512
email: anatga2@clalit.org.il

The ability to remember complex new information often 
depends on prior knowledge of the topic. This is because 
we have already formed a relevant mental schema as a 
framework. Tse et al. used rats to study the effects of prior 
learning of schemas on the ability to acquire new episodic 
associations. These associations were acquired faster when 
the animals were first trained on a consistent set of associa-
tions than when they occurred in the context of a novel set 

of associations. The acquisition of novel associations was 
dependent on the hippocampus. However, within 48 hours the 
associations were independent of the hippocampus, which is 
substantially faster than typical memory consolidation. Thus, 
animals – like people – can bring activated mental schemas 
to bear during learning.
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