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Abstract

Few studies have evaluated the role of antibacterial prophylaxis during neutropenia in patients 

with multiple myeloma undergoing autologous hematopoietic stem cell transplantation (HSCT). 

At our center, levofloxacin prophylaxis was initiated in June 2006 in patients with myeloma who 

were undergoing autologous HSCT. We compared the incidence of bloodstream infection (BSI) 

and fever and neutropenia (FN) within 30 days of transplantation before (January 2003 - May 

2006) and after (June 2006 - April 2010) the initiation of levofloxacin prophylaxis in patients 

undergoing autologous HSCT for myeloma. We also compared rates of BSI and FN during the 

same time periods in autologous HSCT recipients with lymphoma who did not receive 

antibacterial prophylaxis during either time period. After the initiation of levofloxacin 

prophylaxis, the BSI rate decreased from 41.2% (49/119) to 14.7% (23/156) and the rate of FN 

decreased from 91.6% to 60.9% in patients with myeloma (P < 0.001, for each). In contrast, rates 

of BSI (43.1% vs. 47.3%; P = 0.50) and FN (98.8% vs. 97.1%; P = 0.63) did not change in 

patients with lymphoma. Levofloxacin prophylaxis was independently associated with decreased 

odds of BSI (odds ratio [OR] 0.27; 95% confidence interval [CI] 0.14–0.51; P < 0.001) and FN 

(OR 0.18, 95% CI 0.09–0.36; P < 0.001) in multivariate analysis. Patients with myeloma had a 

non-significant increase in the risk of BSI due to levofloxacin-resistant Enterobacteriaceae (5% vs. 
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1%, P = 0.08) and Clostridium difficile infection (7% vs. 3%, P = 0.12) after the initiation of 

levofloxacin prophylaxis, but did not have higher rates of BSI due to other resistant bacteria. 

Levofloxacin prophylaxis is associated with decreased risk of BSI and FN in patients with 

myeloma undergoing autologous HSCT.

INTRODUCTION

High-dose chemotherapy combined with autologous hematopoietic stem cell transplantation 

(HSCT) is an important component of the treatment of multiple myeloma [1]. Neutropenia is 

a universal complication of autologous HSCT and combines with chemotherapy-induced 

mucositis to establish a high-risk setting for bacteremia [2, 3]. In order to decrease the risk 

of bacterial infection, Guidelines of the Infectious Diseases Society of America and 

American Society for Blood and Marrow Transplantation recommend considering the 

administration of antibacterial prophylaxis during chemotherapy-induced neutropenia in 

patients with anticipated neutropenic periods of at least 7 days [4, 5].

These recommendations are largely based on two randomized, placebo-controlled trials of 

levofloxacin in patients with cancer and neutropenia that were conducted from 1999–2003 

and demonstrated lower rates of fever and neutropenia (FN) and bacterial infections, but not 

decreased mortality, in patients receiving levofloxacin prophylaxis [6, 7]. However, during 

the decade since these trials were conducted, fluoroquinolone resistance has become 

increasingly common [8, 9] and a new virulent strain of fluoroquinolone-resistant 

Clostridium difficile has emerged [10]. These developments merit a reassessment of the role 

of levofloxacin prophylaxis in patients with neutropenia. Furthermore, the applicability of 

results from these landmark trials to patients with multiple myeloma undergoing autologous 

HSCT is unclear, as very few of these patients were evaluated in these trials. Two 

subsequent single-center, randomized trials have been conducted to assess the role of 

fluoroquinolone prophylaxis in patients receiving autologous HSCT, but these studies are 

limited by small sample sizes and/or the use of multiple prophylactic antimicrobial agents 

[11, 12].

Prior to June 2006, antibacterial prophylaxis was not administered to patients undergoing 

autologous HSCT at our center. In response to two deaths in patients with multiple myeloma 

from septic shock due to fluoroquinolone-susceptible Gram-negative bacteria, levofloxacin 

prophylaxis was initiated in June 2006 in patients with myeloma undergoing autologous 

HSCT, but not in patients receiving autologous HSCT for other indications, such as 

lymphoma. This selective intervention established a unique setting to evaluate the efficacy 

and adverse effects related to the use of levofloxacin prophylaxis in patients undergoing 

autologous HSCT.

MATERIALS AND METHODS

Study design

This is a single-center, retrospective cohort study at New York-Presbyterian Hospital/Weill 

Cornell Medical Center that consists of two study periods. In Period 1 (January 2003 - May 
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2006), neither patients with multiple myeloma nor patients with lymphoma received 

antibacterial prophylaxis during their autologous transplant admission. In Period 2 (June 

2006 - April 2010), patients with myeloma who underwent autologous HSCT received 500 

mg of oral levofloxacin daily from one day prior to their stem cell infusion until recovery 

from neutropenia. Patients with lymphoma who underwent autologous HSCT continued not 

to receive antibacterial prophylaxis during Period 2. Multiple transplants involving 

individual patients were eligible for analysis, provided that the patient did not have a prior 

transplant within the previous 90 days.

The primary objective of the study was to compare the incidence of 1) bloodstream infection 

(BSI) and 2) FN within 30 days of transplantation in Period 1 versus Period 2 in patients 

with myeloma and in patients with lymphoma. We also assessed the incidence of BSI and 

FN during each year of the study in both patient populations. Secondary objectives of the 

study were to compare rates of BSIs due to specific bacteria, including multidrug-resistant 

(MDR) pathogens, and rates of Clostridium difficile infection within 90 days of 

transplantation between time periods in both patient groups.

Furthermore, for autologous HSCT recipients with multiple myeloma, we reviewed medical 

records to compare the following variables between patients who received and did not 

receive levofloxacin prophylaxis: demographics, myeloma characteristics, comorbidities 

[13], baseline serum albumin and creatinine levels, recent C. difficile infection, conditioning 

regimen, central venous catheter type, number of CD34 cells infused, and duration of 

neutropenia. We then conducted multivariate analyses to determine whether levofloxacin 

prophylaxis was independently associated with the risk of BSI or FN in patients with 

myeloma. Finally, we compared the following additional outcomes for myeloma patients 

who received and did not receive levofloxacin prophylaxis: developing a BSI that was 

associated with severe sepsis or an intensive care unit (ICU) admission, a microbiologically 

documented infection other than bacteremia or an invasive fungal infection, duration of 

hospitalization, readmission within 90 days of the transplant, mortality within 30 and 90 

days of the transplant, and mortality related to sepsis.

Definitions and study procedures

Fever was defined as a temperature ≥ 38.0°C and neutropenia was defined as an absolute 

neutrophil count ≤ 500 cells/µL. Common skin commensals (coagulase-negative 

staphylococci, Bacillus and Corynebacterium spp. other than C. jeikeium) were only 

considered causes of BSI if isolated from at least two sets of blood cultures collected on the 

same day or on consecutive days.

During both study periods, HSCT recipients with myeloma and lymphoma were placed in 

private rooms on the same inpatient transplant unit until neutrophil engraftment. They were 

cared for by the same medical staff and received the same supportive care practices (other 

than antibacterial prophylaxis), including infection control practices recommended by the 

Centers for Disease Control and Prevention [14]. Intravenous melphalan was administered 

as a conditioning regimen at a dose of 200 mg/m2, divided into 2 doses on days −2 and days 

−1. The melphalan dose was reduced to 140 mg/m2 in frail elderly patients and in patients 

with a creatinine clearance < 60 mL/min.
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For initial work-up of FN, blood cultures (one aerobic and one anaerobic bottle per set) were 

obtained from peripheral blood and each central venous catheter lumen. Subsequent blood 

cultures were drawn daily for persistent fever. Piperacillin-tazobactam was the primary 

agent used for FN during both time periods and broad-spectrum β-lactam therapy was 

typically continued until resolution of fever and neutropenia. All patients received 

prophylactic fluconazole and valacyclovir and daily filgastrim injections until resolution of 

neutropenia. All patients had central venous catheters that were typically placed on the day 

of admission for transplant and removed upon discharge from the transplant admission, 

unless intravenous medications were required after discharge.

BacT/ALERT® 3D (BioMérieux Inc., Durham, NC) was the automated blood culture 

system used during both study periods. Species identification and antimicrobial 

susceptibility testing of bloodstream isolates were primarily performed by Vitek II 

(BioMérieux Inc.), according to Clinical and Laboratory Standards Institute 

recommendations [15]. From 2003–2009, the Wampole™ Clostridium difficile Tox A/B 

Microplate Assay (ELISA) was used to detect C. difficile toxin from stool. In 2010, more 

sensitive assays were employed to detect C. difficile toxin, and thus patients who received a 

transplant in 2010 were excluded from the analysis of C. difficile infection rates.

Statistical analysis

Proportions were compared using two-tailed χ2 or Fisher’s exact tests and p ≤ 0.05 was 

considered statistically significant. Continuous variables were expressed as median values 

with interquartile ranges and compared by the Wilcoxon rank-sum test. Factors associated 

with developing a BSI or FN in patients with multiple myeloma were evaluated in univariate 

and multivariate logistic regression models. All variables with a p-value ≤ 0.1 in the 

univariate model, as well as age, years since myeloma diagnosis, prior HSCT, and duration 

of neutropenia were included in the multivariate model. STATA, version 12.0 (StataCorp, 

College Station, TX) was used for statistical analysis.

RESULTS

Patients and rates of BSI and FN in Period 1 and Period 2

There were 475 autologous HSCTs performed during the study period. Of these, 275 

transplants for multiple myeloma and 190 transplants for lymphoma were eligible for 

analysis. None of the 119 patients with myeloma and none of the 88 patients with lymphoma 

in Period 1 received antibacterial prophylaxis. In Period 2, 148 of the 156 myeloma patients 

received levofloxacin prophylaxis (eight patients had a levofloxacin allergy or prior 

intolerance) and none of the 102 lymphoma patients received antibacterial prophylaxis.

The incidence of BSI within 30 days of transplantation in patients with myeloma decreased 

from 41.2% in Period 1 (before levofloxacin prophylaxis) to 14.7% in Period 2 (after 

levofloxacin prophylaxis; P < 0.001; Table 1). Patients with lymphoma who did not receive 

antibacterial prophylaxis during either time period had no significant change in BSI 

incidence (43.1% in Period 1 vs. 47.3% in Period 2; P = 0.50). Similarly, the incidence of 

FN in patients with myeloma decreased from 91.6% in Period 1 to 60.9% in Period 2 (P < 
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0.001). The incidence of FN did not change in patients with lymphoma (98.8% vs. 97.1%; P 

= 0.63). The decreases in rates of BSI and FN in patients with myeloma occurred 

immediately after the intervention of fluoroquinolone prophylaxis and were sustained during 

each subsequent study year (Figures 1a and 1b).

Etiologies of BSI and rates of C. difficile infection in Period 1 vs. Period 2

The incidence of Gram-positive bacteremia in patients with myeloma decreased from 31% 

in Period 1 to 10% in Period 2 (P < 0.001; Table 1). This decrease was largely due to 

decreases in rates of bacteremia caused by coagulase-negative staphylococci (9% vs. 0%; P 

< 0.001) and viridans group streptococci (VGS; 10% vs. 3%; P = 0.008). There were no 

changes in rates of bacteremia caused by methicillin-resistant Staphylococcus aureus 

(MRSA), penicillin-non-susceptible VGS, or vancomycin-resistant enterococci (VRE). 

There was no significant change in the incidence of Gram-negative bacteremia in myeloma 

patients between Period 1 and Period 2 (11% vs. 7%; P = 0.26). There was a trend towards 

an increase in the rate of BSI due to levofloxacin-resistant Enterobacteriaceae (1% vs. 5%; P 

= 0.08), but no trends towards increased rates of bacteremia caused by other MDR Gram-

negative bacteria. In patients with lymphoma, there were no significant changes in the 

incidence of bacteremia due to any specific bacterial pathogen between Period 1 and Period 

2.

The incidence of Clostridium difficile infection within 90 days of transplantation in patients 

with myeloma increased from 3% in Period 1 to 7% in Period 2 (P = 0.12; Table 1). This 

incidence did not change during these two periods in patients with lymphoma.

Characteristics and outcomes of patients with multiple myeloma

Patients with myeloma who received levofloxacin prophylaxis (n = 148) received a median 

of 9 days of levofloxacin. These patients were older (median age: 59 years vs. 56 years; P = 

0.009; Table 2) and had lower baseline serum albumin levels (3.2 vs. 3.6 mg/dL; P < 0.001) 

than those who did not receive levofloxacin prophylaxis (n = 127). There were no 

statistically significant differences between groups in myeloma characteristics, rates of prior 

HSCT or C. difficile infection, Charlson comorbidity index score, and baseline serum 

creatinine. Melphalan was used as the sole conditioning agent in > 90% of transplants in 

both groups, although patients who received levofloxacin prophylaxis were less likely to 

receive a 200 mg/m2 dose of melphalan (88% vs. 76%; P = 0.02). Patients who received 

levofloxacin prophylaxis had a lower median number of CD34 cells infused (5.1×106/kg vs. 

6.4×106/kg, P < 0.001). Despite receiving fewer CD34 cells, they had a marginally 

decreased duration of neutropenia, although the median duration was 7 days in both groups.

Myeloma patients who received levofloxacin prophylaxis were less likely to develop FN 

(61% vs. 90%; P < 0.001; Table 3), any BSI within 30 days of the transplant (14% vs. 41%; 

P < 0.001), and Gram-positive bacteremia (9% vs. 30%; P < 0.001) than those who did not 

receive levofloxacin prophylaxis. Although there was no difference in rates of Gram-

negative bacteremia between Period 1 and Period 2, not all myeloma patients received 

levofloxacin prophylaxis in Period 2. When myeloma patients who received levofloxacin 

prophylaxis were compared to those who did not receive antibacterial prophylaxis, the rate 
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of Gram-negative bacteremia was lower in patients who received prophylaxis (5% vs. 13%; 

P = 0.04). There were no significant differences in rates of BSI associated with severe sepsis 

[16] or ICU admission, invasive fungal infection, or microbiologically documented infection 

other than bacteremia within 30 days of the transplant. Seven percent of patients who 

received levofloxacin prophylaxis developed Clostridium difficile infection within 90 days 

of the transplant, compared to 3% in patients who did not receive prophylaxis (P = 0.17). 

There was a shorter median duration of hospitalization in patients who received levofloxacin 

prophylaxis (18 days vs. 20 days, P = 0.001) and a trend towards a lower readmission rate 

(16% vs. 25%, P = 0.07), but no differences in 30-day, 90-day, or sepsis-related mortality.

Factors associated with BSI and FN in patients with multiple myeloma (Table 4)

In univariate analysis, factors associated with developing a BSI within 30 days of the 

transplant included having light chain only disease, increased number of years since 

myeloma diagnosis and increased baseline serum creatinine and duration of neutropenia; 

whereas, levofloxacin prophylaxis was associated with decreased odds of BSI. In a 

multivariate model, levofloxacin prophylaxis was independently associated with a 73% 

decrease in odds of developing a BSI (odds ratio [OR] 0.27; 95% confidence interval [CI] 

0.14–0.51; P < 0.001).

Factors associated with developing FN within 30 days of the transplant in univariate analysis 

included having a higher Charlson comorbidity index score and having an increased baseline 

serum creatinine and duration of neutropenia; whereas levofloxacin prophylaxis was 

associated with decreased odds of FN. In a multivariate model, levofloxacin prophylaxis 

was independently associated with an 82% decrease in odds of developing FN (OR 0.18; 

95% CI 0.09–0.36; P < 0.001).

DISCUSSION

The selective intervention of initiating levofloxacin prophylaxis in patients with multiple 

myeloma, but not in patients with lymphoma, created a unique setting to examine the impact 

of levofloxacin prophylaxis on infectious complications after autologous HSCT. This study 

design allowed us to not only examine the rates of infectious complications before and after 

the initiation of levofloxacin prophylaxis in patients with myeloma, but also to make these 

assessments in a comparator population of patients with lymphoma, who did not receive the 

intervention during either time period. We found that the introduction of levofloxacin 

prophylaxis led to a 27% absolute decrease in risk of BSI and a 31% absolute decrease in the 

risk of FN within 30 days after transplantation. There were no changes in these rates in the 

comparator population of patients with lymphoma. Levofloxacin prophylaxis was not 

associated with increased rates of bacteremia due to MDR bacterial pathogens, but was 

associated with a non-significant increase in the rates of infections due to Clostridium 

difficile and fluoroquinolone-resistant Enterobacteriaceae.

All non-randomized studies are subject to the potential for confounding bias. In this study, 

we believe that the finding that rates of BSI and FN were unchanged in a population of 

lymphoma patients who did not receive the intervention of antibacterial prophylaxis, but 

who otherwise received the same practices in supportive care and were managed by the 
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same staff as the myeloma patients, strengthens the validity of our findings. Another finding 

that supports a causal relationship between levofloxacin prophylaxis and decreased rates of 

BSI and FN is that these decreased rates occurred immediately after the intervention was 

implemented. If one were to hypothesize that other factors were responsible for the decline 

in BSI and FN rates, that were specific to patients with myeloma, then it would be expected 

that these rates would have declined gradually, and would not have immediately decreased 

after the initiation of levofloxacin prophylaxis. Finally, we conducted multivariate models 

that adjusted for potential confounding variables, such as age, comorbid illnesses and 

duration of neutropenia, and found that levofloxacin prophylaxis remained independently 

associated with substantially lower odds of BSI and FN in these analyses.

Although levofloxacin prophylaxis was strongly associated with lower rates of infectious 

complications, several caveats warrant discussion. Despite the fact that levofloxacin 

prophylaxis was associated with decreased BSI rates overall, it was not associated with 

decreased rates of BSIs complicated by severe sepsis or ICU admission. Perhaps this is 

related to our observation that levofloxacin prophylaxis had a greater impact on rates of BSI 

due to coagulase-negative staphylococci (CNS) and viridans group streptococci (VGS) than 

BSI due to Gram-negative organisms. Bacteremias due to CNS and VGS in HSCT recipients 

are associated with lower rates of severe sepsis than that which is seen in Gram-negative 

bacteremias [17]. Consistent with previous studies, we also did not identify a mortality 

benefit associated with the introduction of levofloxacin prophylaxis. Given the low short-

term mortality rates after autologous HSCT [18], even if there was a small incremental 

mortality benefit to levofloxacin prophylaxis, a larger study would be needed to detect this 

effect.

Levofloxacin prophylaxis was associated with a non-significant increased risk of developing 

bacteremia due to levofloxacin-resistant Enterobacteriaceae. However, anti-pseudomonal β-

lactam agents, not levofloxacin, are recommended for the treatment of fever in neutropenic 

patients. Fluoroquinolone use has previously been identified as a risk factor for infections 

caused by pathogens that are resistant to these β-lactam agents, such extended-spectrum β-

lactamase-producing and carbapenem-resistant Enterobacteriaceae [19, 20]. However, we 

did not find an association between levofloxacin prophylaxis and increased rates of 

bacteremia due to either these MDR Gram-negative pathogens or MDR Gram-positive 

pathogens, such as MRSA, penicillin-resistant VGS, and VRE. A potential explanation for 

these findings is that levofloxacin prophylaxis was associated with a lower incidence of FN 

and BSI, and thus less use of broad-spectrum β-lactam agents. The absence of an increase in 

bacteremias due to these MDR pathogens is reassuring, but given the ever-changing 

epidemiology of resistant organisms, centers that administer levofloxacin prophylaxis in the 

myeloma population should continue to monitor for increasing rates of antibacterial 

resistance.

Our analysis was inconclusive as to the effect of levofloxacin prophylaxis on the risk of C. 

difficile infection. There was a non-significant increase from 3% to 7% in the incidence of 

C. difficile infection rates after initiating levofloxacin prophylaxis in patients with myeloma 

that was not seen in patients with lymphoma. Although fluoroquinolones are risk factors for 

C. difficile infection [21, 22], it is possible that lower rates of bacteremia and FN led to less 
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exposure to other antimicrobial agents, which in turn mitigated the effect of fluoroquinolone 

prophylaxis on rates of C. difficile infection. As with antimicrobial resistance, monitoring 

for increased rates of C. difficile infection is warranted with the use of levofloxacin 

prophylaxis, particularly given the emergence of virulent NAP1 strains that are 

fluoroquinolone-resistant [10].

In addition to the observational nature of the study, other limitations merit mention. This 

study was conducted at a single center where approximately 50% of staphylococci, 75% of 

Klebsiella pneumoniae, and 70% of Escherichia coli were susceptible to levofloxacin during 

the time of the study. The effectiveness of levofloxacin prophylaxis may be diminished at 

centers with lower rates of levofloxacin susceptibility among these prominent pathogens and 

individual centers should monitor for increases in levofloxacin resistance. It is possible that 

the duration of follow-up after the initiation of fluoroquinolone prophylaxis in this study 

(3.5 years) was not sufficient to identify a statistically significant increase in antimicrobial 

resistance. Although we assessed rates of bacteremia due to MDR pathogens and C. difficile 

infection, we did not assess other potential adverse effects from levofloxacin prophylaxis, 

such as nausea, diarrhea unrelated to C. difficile, rash, QT prolongation, tendonitis, and 

central nervous system toxicity. A prospective investigation would be required to properly 

assess for these potential adverse effects. Additionally, the ELISA-based assay used to 

detect C. difficile infection in the study had lower sensitivity than current PCR-based tests 

[23]. It is possible that the lower sensitivity of this test limited our ability to detect a 

difference in rates of C. difficile infection after levofloxacin prophylaxis was initiated. 

Finally, we were unable to assess the effectiveness of levofloxacin prophylaxis in patients 

with lymphoma undergoing autologous HSCT, because these patients did not receive 

levofloxacin prophylaxis during either time period of the study. We recently started to 

administer levofloxacin prophylaxis to this population and plan on evaluating the impact of 

this change in practice in the future.

In summary, we found that the initiation of levofloxacin prophylaxis was independently 

associated with lower rates of BSI and FN in patients with multiple myeloma who 

underwent autologous HSCT. Patients with lymphoma who underwent autologous HSCT 

during the same time period, but did not receive levofloxacin prophylaxis had no changes in 

rates of BSI and FN. Furthermore, in patients with myeloma, levofloxacin prophylaxis was 

not associated with increased rates of BSIs due to MDR bacteria, but was associated with a 

non-significant increase in the rates of infections due to Clostridium difficile and 

fluoroquinolone-resistant Enterobacteriaceae. Based on these findings, we believe that 

levofloxacin prophylaxis should be considered in neutropenic patients with myeloma 

undergoing autologous HSCT, with close monitoring for increases in rates of C. difficile 

infection and antibacterial resistance.
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HIGHLIGHTS

• We evaluated the impact of levofloxacin prophylaxis in SCT recipients with 

myeloma

• Levofloxacin prophylaxis led to less bacteremia and fever and neutropenia

• Rates of bacteremia due to multidrug-resistant organisms did not increase

• Non-significant increases in C. difficile and levofloxacin resistance were seen

• Lymphoma patients who did not receive prophylaxis had no change in infection 

rates
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Figure 1. 
Incidence of a) bloodstream infection and b) fever and neutropenia within 30 days of 

autologous stem cell transplantation in patients with multiple myeloma and patients with 

lymphoma, by year of transplant.
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Table 2

Characteristics of patients with multiple myeloma who received and did not receive prophylactic levofloxacin 

during neutropenia after autologous hematopoietic stem cell transplantation (HSCT).1,2

Characteristics No levofloxacin
prophylaxis
(n = 127)

Levofloxacin
prophylaxis
(n = 148)

P

Demographics

  Age (years) 56 (49–61) 59 (53–64) 0.009

  Female sex 56 (44) 74 (50) 0.33

Myeloma characteristics

  Immunoglobulin type 0.12

    IgG 66 (52) 93 (63)

    IgA 27 (21) 22 (15)

    None (light chain) 34 (27) 31 (21)

    Other 0 (0) 2 (1)

  Light chain type

    Kappa 80 (63) 85 (57) 0.35

    Lambda 47 (37) 63 (43)

  Years since diagnosis 1 (1–3) 1 (1–2) 0.72

  Previous HSCT 23 (18) 16 (11) 0.08

Comorbidities

  Charlson comorbidity index score 2 (2–3) 2 (2–3) 0.37

    Myocardial infarction 13 (10) 5 (3) 0.02

    Congestive heart failure 4 (3) 1 (1) 0.19

    Cerebrovascular disease 3 (2) 3 (2) 1.00

    COPD 1 (1) 2 (1) 1.00

    Connective tissue disease 1 (1) 5 (3) 0.22

    Liver disease 1 (1) 5 (3) 0.22

    Diabetes 16 (13) 13 (9) 0.31

    Kidney disease 13 (10) 8 (5) 0.13

    Solid tumor 6 (5) 10 (7) 0.47

  Baseline serum creatinine (mg/dL) 0.9 (0.7–1.3) 0.8 (0.7–1.1) 0.19

  Baseline serum albumin (mg/dL) 3.6 (3.3–4.0) 3.2 (2.9–3.5) <0.001

  Clostridium difficile infection within
  90 days prior to HSCT

1 (1) 1 (1) 1.00

Transplant characteristics

  Conditioning regimen 0.02

    Melphalan (200 mg/m2) 112 (88) 112 (76)

    Melphalan (dose < 200 mg/m2) 8 (6) 24 (16)

    Melphalan + (bendamustine or
    carmustine)

7 (6) 12 (8)
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Characteristics No levofloxacin
prophylaxis
(n = 127)

Levofloxacin
prophylaxis
(n = 148)

P

  Central venous catheter (CVC) type 0.30

    PICC line 29 (23) 42 (28)

    Tunneled CVC 98 (77) 106 (72)

  # of CD34 cells infused (x106/kg) 6.5 (4.7–9.2) 5.1 (4.1–7.2) <0.001

  Duration of neutropenia, days 7 (6–9) 7 (6–8) 0.03

All categorical variables are expressed as No. (%) of total. All continuous variables are expressed as median (interquartile range). COPD, chronic 
obstructive pulmonary disease; PICC, peripherally inserted central catheter.

1
Eight patients in Period 2 did not receive levofloxacin prophylaxis because of allergy or intolerance.

2
This table analyzes 275 transplants performed among 263 unique patients.
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Table 3

Outcomes of patients with multiple myeloma who received and did not receive prophylactic levofloxacin 

during neutropenia after autologous hematopoietic stem cell transplantation.

Outcomes No levofloxacin
prophylaxis
(n = 127)

Levofloxacin
prophylaxis
(n = 148)

P

Fever and neutropenia 114 (90) 90 (61) <0.001

Bloodstream infections (BSI)

  BSI before neutrophil engraftment 48 (38) 19 (13) <0.001

  BSI within 30 days of transplant 52 (41) 20 (14) <0.001

    Gram-positive bacteremia 38 (30) 14 (9) <0.001

    Gram-negative bacteremia 16 (13) 8 (5) 0.04

    Fungemia 2 (2) 0 0.21

    BSI associated with severe
    sepsis [16]

9 (7)1 8 (5)2 0.56

    BSI associated with ICU
    admission

8 (6) 5 (3) 0.27

Microbiologically documented infection
other than bacteremia within 30 days of
transplant

11 (9) 16 (11) 0.55

Invasive fungal infection within 30 days 2 (2) 2 (1) 1.00

Clostridium difficile infection within 90

days of transplant3
4 (3)4 9 (7)5 0.17

Duration of hospitalization, days 20 (18–27) 18 (17–21) 0.001

Readmission within 90 days of
transplant

32 (25) 24 (16) 0.07

Mortality

  Within 30 days of transplant 4 (3) 4 (3) 1.00

  Within 90 days of transplant 8 (7) 4 (3) 0.13

    Sepsis-related mortality6 5 (4) 3 (2) 0.48

All categorical variables are expressed as No. (%) of total. All continuous variables are expressed as median (interquartile range). ICU, intensive 
care unit.

1
BSI etiologies associated with severe sepsis in patients who did not receive levofloxacin prophylaxis: polymicrobial (n = 4), Streptococcus mitis 

(n = 2), vancomycin-resistant Enterococcus faecium (n = 1), Escherichia coli (n = 1), and Klebsiella pneumoniae (n = 1).

2
BSI etiologies associated with severe sepsis in patients who received levofloxacin prophylaxis: Escherichia coli (n = 3), methicillin-resistant 

Staphylococcus aureus (n = 2), polymicrobial (n = 2), and Klebsiella pneumoniae (n = 1).

3
In Period 2, the incidence of C. difficile infection was only evaluated in patients who underwent transplantation from June 2006 – Dec 2009 

because testing for C. difficile changed in 2010 from an ELISA-based to a PCR-based method.

4
Three patients were treated with 10–14 days of oral metronidazole and one was treated with 21 days of oral vancomycin. Three of these patients 

had C. difficile recurrence after treatment.

5
Six patients were treated with 10–14 days of oral metronidazole and three were treated with 10–21 days of oral vancomycin. One of these patients 

had C. difficile recurrence after treatment.

6
Causes of death unrelated to sepsis were respiratory failure of unknown etiology, acute respiratory distress syndrome after influenza B infection, 

intraabdominal hemorrhage, and intracerebral hemorrhage.
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