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Abstract
Background

Despite preventive measures and varying antibiotic recommendations, bacterial infections continue to pose
a significant threat to individuals undergoing hematopoietic stem cell transplantation (HSCT). Levofloxacin
prophylaxis is commonly used, but the optimal timing for initiation is debated. This study aims to assess
infection outcomes based on timing of levofloxacin prophylaxis (initiation at the first day of conditioning vs.
after infusion of stem cells) in autologous and allogeneic HSCT patients.

Methods

We compared infectious episodes, responsible pathogens, and clinical outcomes based on the
implementation of levofloxacin prophylaxis in patients receiving autologous or allogeneic HSCT procedures.
This retrospective single-center study involved a review of the medical records of autologous and allogeneic
HSCT patients treated at our adult stem cell transplantation unit between 2018 and 2020. The study included
23 patients who underwent autologous HSCT and 12 patients who underwent allogeneic HSCT. We compared
the demographic data, febrile neutropenia, proven bacterial infections, and 30-day survival among the
autologous and allogeneic transplant groups, including those who received oral levofloxacin 500 mg/day
prophylaxis.

Results

Positive blood cultures (26.1% vs. 75%; p = 0.011), mean neutrophil engraftment (10.6+1.2 vs. 14.8+1.3;
p<0.001), and mean platelet engraftment (11.2%1.1 vs. 15.4%3.2; p = 0.004) were all lower in autologous
transplant patients versus their allogeneic counterparts. When each type of HSCT was evaluated within the
same type, there were no observed differences in infection frequency, infection type, or 30-day mortality
between the patient groups with different levofloxacin initiation times.

Conclusion

Healthcare professionals should choose the most appropriate timing for initiating levofloxacin prophylaxis
based on individual patient factors and clinical circumstances while considering the cost-effectiveness
implications. Further research with a larger sample size and prospective design is needed to support our
findings.

Categories: Internal Medicine, Infectious Disease, Hematology
Keywords: prophylactic antibiotics, fluoroquinolone, neutropenia, levofloxacin prophylaxis, hematopoietic stem cell
transplantation, bacterial infections

Introduction

Bacterial infections pose a significant health risk for individuals undergoing autologous and allogeneic
hematopoietic stem cell transplantation (HSCT), leading to deaths and prolonged hospitalization. The
presence of neutropenia, mucosal damage, and the use of a central catheter are the leading risk factors for
bacterial infections in the early pre-engraftment phase [1]. Despite the current use of reduced-intensity
conditioning regimens, prophylactic and preemptive antibiotic approaches, and improved supportive
therapies, documented infections identified by positive blood cultures are still present in approximately 20-
43% of cases [2-6]. Antibacterial prophylaxis with a fluoroquinolone (i.e., levofloxacin) to prevent bacterial
infections should be strongly considered for adult HCT patients with anticipated neutropenic periods of
seven days or more [7,8]. Antibacterial prophylaxis with fluoroquinolone has been shown in early
randomized trials and meta-analyses to reduce all-cause mortality, infection-related mortality, fever, and
infections in high-risk neutropenic patients, including allogeneic HCT recipients. However, the Centers for
Disease Control and Prevention, the Infectious Diseases Society of America, and the American Society for
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Blood and Marrow Transplantation do not support this recommendation due to the emergence of resistant
strains [9,10]. In 2017, the European Conference on Infections in Leukemia (ECIL) publications gave
individual centers the discretion to decide on the use of prophylactic antibiotics, taking into account the
balance of risks and benefits [11].

There are variable results in the literature regarding the efficacy of antibiotic prophylaxis in transplant
recipients. Consequently, no standardized bacterial prophylaxis protocol exists for autologous and
allogeneic HSCT. The decision-making process varies greatly from one center to another, mainly based on
their individual experience and according to the causative agent seen in each center. Our study aimed to
compare 30-day mortality, infection development rate, and causative pathogens in patients undergoing
autologous and allogeneic HSCT at our center based on the timing of oral levofloxacin prophylaxis.

Materials And Methods

Patient population and treatment protocols

We retrospectively reviewed the medical records of patients undergoing autologous HSCT (AHSCT) and
allogeneic HSCT (allo-HSCT) at the Yeditepe University Hospital's Adult Stem Cell Transplantation Unit
between 2020 and 2022. A total of 23 patients (nine with multiple myeloma (MM) and 14 with non-
Hodgkin's lymphoma (NHL)) underwent AHSCT, and 12 patients (10 with acute myeloid leukemia (AML),
one with NHL, and one with acute lymphoblastic leukemia (ALL)) underwent allo-HSCT. As part of their

conditioning regimen, the patients with MM received a dose of melphalan ranging from 140 to 200 mg/mz.
The NHL patients undergoing AHSCT received a BEAM (bis-chloroethylnitrosourea, carmustine
(BCNU)/carmustine, etoposide, cytarabine, and melphalan) conditioning regimen. Among the allo-HSCT
patients, the majority (83.3%, n = 10) received a myeloablative conditioning regimen.

Data evaluation and definitions

In the data evaluation, it was observed that levofloxacin was started in some patients with the conditioning
regimen and in some patients on the day of transplantation. Afterward, for AHSCT, the group started with
the conditioning regimen was defined as O1, the group started on the day of transplantation was defined as
02, and for Allo-HSCT, the group started with the conditioning regimen was defined as A1, and the group
started on the day of transplantation was defined as A2. Demographic data, the development of febrile
neutropenia rate, the presence and type of bacterial infections, and 30-day survival were compared between
the groups (01 vs. 02, Al vs. A2).

Statistical analysis

For statistical analysis, we utilized IBM SPSS Statistics for Windows, Version 20.0 (Released 2011; IBM Corp.,
Armonk, New York, United States). We represented numerical variables with a normal distribution as the
mean * standard deviation. While those without a normal distribution were presented as medians (min-
max), categorical variables were represented using numbers and percentages. In order to compare
categorical variables, we employed the Chi-square test, Yates' correction, and Fisher's exact test. For
comparing the normal distribution of numerical variables between two groups, we used either the Student t-
test or the Mann-Whitney U test. During our statistical analysis, a p-value of less than 0.05 was considered
statistically significant.

Results

The study population comprised 35 patients who underwent HSCT (mean age: 54.5+14.5 years; 18 females
and 17 males). Among the patients, 25.7% (n = 9) had MM, 28.6% (n = 10) had AML and excess blast
myelodysplastic syndrome (MDS), 42.9% (n = 15) had NHL, and 2.9% (n = 1) had ALL (chronic myeloid
leukemia (CML) transformed). The AHSCT rate was 65.7% (n = 23), and the allo-HSCT rate was 34.3% (n =
12). Sixteen patients received one transplant (50.0%), while another 16 patients received two transplants
(50.0%). Half of the patients received single-course treatment prior to transplantation. The distribution of
mobilization regimens was as follows for the AHSCT patients: cyclophosphamide plus granulocyte-colony
stimulating factor (G-CSF) in 39.1% (n = 9), etoposide plus G-CSF in 26.1% (n = 6), and mobilization with
ongoing chemotherapy in 21.8% (n = 5). There were three patients (13%) with unknown mobilization
regimens. Considering the whole patient group, 41.2% (n = 14) received a reduced intensity conditioning
(RIC) regimen, and 58.8% (n = 20) received a myeloablative conditioning (MAC) regimen. In 62.9% (n = 22) of
the patients, levofloxacin initiation occurred on the first day of conditioning, while the remaining patients
started levofloxacin on the day of transplantation. The median graft volume was 5.9 kg (x106 CD34/kg)
(range: 2.2-14 kg). Febrile neutropenia developed in 65.7% of the patients (n = 23), with a median onset day
of 7 (range: 1-11). Gram-negative bacteria were detected in 22.9% (n = 8) of the patients, gram-positive
bacteria in 17.1% (n = 6), and both gram-negative and gram-positive bacteria in 2.9% (n = 1). All patients
received antifungal prophylaxis. One patient with a proven fungal infection was diagnosed with Candida
krusei. The mean neutrophil engraftment was 11.9%2.3, and the mean platelet engraftment was 12.5+2.8.
During the 30-day follow-up, one patient (2.9%) died. The median follow-up period was six months (range:
1-13), and no patient died after the 30-day follow-up (Table 7).
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Variables All patients (N=35)
Age (years), mean = SD 545+ 145
Gender, n (%)

Female 18 (51.4)

Male 17 (48.6)

Diagnosis, n (%)

Multiple myeloma 9(25.7)
AML and MDS with excess blasts 10 (28.6)
Non-Hodgkin lymphoma 15 (42.9)
ALL (CML transformed) 1(2.9)

Transplant type, n (%)

Autologous 23 (65.7)
Allogeneic 12 (34.3)
Number of transplants, n (%)

1 16 (50.0)
2 16 (50.0)

Mobilization regimen (AHSCT), n (%)

Cyclophosphamide + G-CSF 9(25.7)
Etoposide + G-CSF 6 (21.0)
Mobilization with ongoing chemotherapy 5(20.0)
Unknown 15 (42.9)

Conditioning regimen, n (%)
RIC 14 (41.2)
MAC 20 (58.8)

Initiation time of levofloxacin, n (%)

With conditioning 22 (62.9)
At transplant day 13 (37.1)
Stem cell (x108 CD34/kg) 5.9 (2.2-14)
Febrile neutropenia 23 (65.7)
Day 7(1-11)

Bacterial growth in blood culture, n (%)

Gram-negative 8 (22.9)
Gram-positive 6(17.1)
Gram-negative and positive 1(2.9)

No growth 20 (57.1)
Fungal infection prophylaxis, n (%) 35 (100.0)

Proven fungal infection, n (%)
No 34 (97.1)

Yes 1(2.9)
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Neutrophil engraftment (days), mean + SD 11.9+23
Platelets engraftment (days), mean + SD 125+238
30th day survival, n (%)

Alive 34 (97.1)
Dead 1(2.9)

Overall survival, n (%)

Alive 28 (96.6)
Dead 1(3.4)
Follow-up time (months), median (range) 6 (1-13)

TABLE 1: Patient demographics and clinical findings.

RIC: reduced intensity conditioning; MAC: myeloablative conditioning; AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; CML: chronic
myeloid leukemia; AHSCT: autologous hematopoietic stem cell transplantation; G-CSF: granulocyte colony-stimulating factor.

Categorical variables were presented as numbers (%). Numerical variables were presented as mean + standard deviation or median (min-max).

In patients who underwent AHSCT, the mean age was higher than that of those who underwent allogeneic
transplantation (58.0+12.9 vs. 47.8+15.7; p = 0.048). Among the patients who underwent AHSCT, 39.1% (n =
9) had MM, and 60.9% (n = 14) had NHL. Among the patients who underwent Allo-HSCT, 83.3% (n = 10) had
AML and excess blast MDS, 8.3% (n = 1) had NHL, and 8.3% (n = 1) had an ALL (CML-transformed) diagnosis
(p<0.001). Bacterial growth in blood culture (26.1% vs. 75; p=0.011), mean neutrophil engraftment (10.6+1.2
vs. 14.8+1.3; p<0.001), and mean platelet engraftment (11.2+1.1 vs. 15.4%3.2; p=0.004) were lower in patients
who underwent AHSCT compared to those who underwent Allo-HSCT. There were no significant differences
between the transplantation types regarding other clinic findings (Table 2).

Transplant type
Variables p-value
Autologous, n =23 Allogeneic, n=12

Age (years), mean+SD 58.0+12.9 47.8+15.7 0.048
Gender, n (%)
Female 9(39.1) 9 (75.0)

0.075
Male 14 (60.9) 3(25.0)
Diagnosis, n (%)
Multiple myeloma 9(39.1) 0(0)
AML and MDS with excess blasts 0 (0) 10 (83.3)
Non-Hodgkin lymphoma 14 (60.9) 1(8.3)
ALL (CML transformed) 0 (0) 1(8.3)
Number of transplants, n (%)
1 12 (54.5) 4(40.0)

0.703
2 10 (45.5) 6 (60.0)
Mobilization regimen
Cyclophosphamide + G-CSF 9(39.1) -
Etoposide + G-CSF 6 (26.) -

<0,001
Mobilization with ongoing chemotherapy 4(17.4) 1(8.3)
Unknown 4(17.4) 11(91.7)
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Conditioning regime, n(%)

RIC 12 (54.5) 2(16.7)

0.075
MAC 10 (45.5) 10 (83.3)
Initiation time of levofloxacin, n(%)
With conditioning regimen 14 (60.9) 8 (66.7)

0.999
At transplant day 9(39.1) 4 (33.3)
Stem cell (x106 CD34/kg) 6 (3.3-14) 5.9(2.2-9.3) 0.534
Febrile neutropenia 13 (56.5) 10(83.3) 0.226
Development day 6 (4-9) 9(1-11) 0.208
Bacterial growth in blood culture, n(%)
No growth 17 (73.9) 3(25.0)

0.016
Growth 6(26.1) 9 (75.0)
Gram-negative 2(8.7) 6 (50.0)
Gram-positive 3(13.0) 3(25.0) 0.006
Gram-negative and gram-positive 1(4.3) -
Fungal infection prophylaxis, n (%) 23 (100.0) 12 (100.0) -
Proven fungal infection, n (%)
No 22 (95.7) 12 (100.0)

0.999
Yes 1(4.3) 0 (0)
Neutrophil engraftment (days), mean+SD 10.6+1.2 14.8+1.3 <0.001
Platelets engraftment (days), mean+SD 11.2+1.1 15.4+3.2 0.004
30th day survival, n (%)
Alive 23 (100.0) 11(91.7)

0.737
Dead 0 (0) 1(8.3)
Overall survival, n(%)
Alive 17 (100.0) 11(91.7)

0.859
Dead 0 (0) 1(8.3)
Follow-up time (months), median (range) 6 (0-13) 6 (0-12) 0.817

TABLE 2: Patient demographics and clinical findings by transplant type.

RIC: reduced intensity conditioning; MAC: myeloablative conditioning; AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; CML: chronic
myeloid leukemia; AHSCT: autologous hematopoietic stem cell transplantation; G-CSF: granulocyte colony-stimulating factor.

Categorical variables were shown as numbers (%). Numerical variables were expressed as mean + standard deviation or median (min-max). p<0.05
indicates statistical significance.

No noteworthy differences existed in demographic and clinical findings between patients who were given a
conditioning regimen and those who initiated the treatment on the day of transplantation. This observation
applied to both autologous and allogeneic HSCT (Table 3).

Autologous Allogeneic
Variables Levofloxacin starting time p-value Levofloxacin starting time p-value
01, n=14 02, n=9 A1, n=8 A2, n=4
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Age (years), mean+SD 58.2+12.6 57.7+14.2 0.924 47.6+17.5 48.3+13.6 0.952
Gender, n (%)
Female 7 (50.0) 2(22.2) 6 (75.0) 3(75.0)

0.371 0.999
Male 7 (50.0) 7(77.8) 2(25.0) 1(25.0)

Diagnosis, n (%)

Multiple myeloma 6 (42.9) 3(33.3) - -
AML and MDS with excess blasts - - 7 (87.5) 3(75.0)

0.985 -
NHL 8 (57.1) 6 (66.7) 1(12.5) -
ALL (CML transformed) - - - 1(25.0)
Number of transplants, n (%)
1 6 (46.2) 6 (66.7) 1(16.7) 3(75.0)

0.607 0.236
2 7 (53.8) 3(33.3) 5(83.3) 1(25.0)
Mobilization regimen (AHSCT), n (%)
Cyclophosphamide + G-CSF 6 (42.9) 3(33.3) - -
Etoposide + G-CSF 3(21.4) 3(33.3) 0.700 - -

0.999

Mobilization with the ongoing chemotherapy 3(21.4) 1(11.1) 1(12.5) -
Unknown 2 (14.3) 2(22.2) 7 (87.5) 4(100)
Conditioning regimen, n (%)
RIC 6 (46.2) 6 (66.7) 1(12.5) 1(25.0)

0.607 0.999
MAC 7 (53.8) 3(33.3) 7 (87.5) 3(75.0)
Stem cell ()(‘]06 CD34/kg), median (range) 5.6 (3.3-14) 6.1 (4.4-9.8) 0.695 6.2 (2.2-9.3) 5(3.9-6.7) 0.776
Febrile neutropenia, n (%) 8(57.1) 5 (55.6) 0.999 7 (87.5) 3(75.0) 0.990
Development day, median (range) 7 (4-9) 6 (5-6) 0.435 9 (1-11) 9 (3-11) 0.997
Bacterial growth in blood culture, n (%)
Gram-negative 1(7.1) 1(11,1) 5(62.5) 1(25.0)
Gram-positive 3(21.4) 0(0) 2 (25.0) 1(25.0)

0.383 0.473
Gram-negative and gram-positive - 1(11.1) - -
No growth 10 (71.4) 7(77.8) 1(12.5) 2 (50.0)
Fungal infection prophylaxis, n (%) 14 (100.0) 9(100.0) 8 (100.0) 4 (100.0)
Proven fungal infection, n (%)
No 13 (92.9) 9 (100.0) 8 (100.0) 4 (100.0)

0.999
Yes 1(7.1) 0(0) - -
Neutrophil engraftment (days), mean+SD 10.6+1.1 10.4%1.3 0.699 14.9+1.5 14.8+1 0.900
Platelet engraftment (days), mean+SD 11+1 11.3£1.2 0.511 15.7+¢2.9 15+4.4 0.790
30th day survival, n (%)
Alive 14 (100.0) 9 (100.0) 7 (87.5) 4 (100.0)

- 0.999
Dead - - 1(12.5) -
Overall survival, n (%)
Alive 11 (100.0) 6 (100.0) 7 (87.5) 4 (100.0)

- 0.999
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Dead - - 1(12.5) -

Follow-up time (months), median (range) 5.5 (0-13) 6 (2-12) 0.868 6 (0-8) 8.5 (4-12) 0.283

TABLE 3: Distribution of demographic and clinical findings according to the initiation time of
levofloxacin in transplantation types.
RIC: reduced intensity conditioning; MAC: myeloablative conditioning; AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; CML: chronic

myeloid leukemia; AHSCT: autologous hematopoietic stem cell transplantation; G-CSF: granulocyte colony-stimulating factor.

Categorical variables were shown as numbers (%). Numerical variables were expressed as mean * standard deviation or median (min-max). p<0.05
indicates statistical significance.

Discussion

Due to the immunosuppression, prolonged neutropenia, and use of central line access associated with HSCT,
infections pose a substantial risk and contribute significantly to morbidity and mortality in stem cell
recipients [1,12-14]. In this study, we aimed to assess these outcomes by analyzing the timing of
levofloxacin prophylaxis initiation while concurrently evaluating the clinical outcomes and 30-day mortality
rates among patients who experienced infection. No significant differences were detected among the
transplantation types concerning other clinic findings. Furthermore, we discovered no differences in
infection frequency, infection type, or 30-day mortality between patients undergoing autologous and
allogeneic HSCT who received levofloxacin prophylaxis, regardless of whether it began during
hospitalization or on the day of transplantation. This suggests that the timing of levofloxacin administration
did not impact these specific outcomes for either transplantation group. Notably, there is a lack of specific
studies in the literature addressing the optimal timing of levofloxacin administration in this context.

It is recommended in the literature to start bacterial prophylaxis during stem cell infusion and continue it
until neutropenia resolves or empirical antibacterial therapy for febrile neutropenia is started [8]. While
fluoroquinolone prophylaxis has been shown to be effective in reducing gram-negative infections in
neutropenic patients, its benefits on mortality have not been consistently demonstrated [10,15-18]
Furthermore, fluoroquinolone prophylaxis has been linked to a higher risk of fluoroquinolone-resistant
gram-negative bacteria and Staphylococcus species, as well as the development of Clostridium difficile-
associated diarrhea [19-21] In contrast, another study found that fluoroquinolone prophylaxis reduced the
incidence of bacteremia after autologous hematopoietic cell transplantation without increasing the
occurrence of C. difficile infections [22]. Furthermore, fluoroquinolone-resistant bacteremia has been linked
to a higher mortality rate than fluoroquinolone-sensitive bacteremia [23]. Comparative studies in the
literature, which have examined groups using different medications or compared medication usage with
non-usage, found that levofloxacin prophylaxis can decrease the frequency of central line-associated
infections but may increase the occurrence of infections caused by resistant strains [24]. No resistant bacteria
or Clostridium infections were found in our study. However, since a group of patients who did not use
levofloxacin was not included in this study, no comparison could be made in this respect. The risk of
resistant organisms and secondary infections, such as C. difficile infection [9,10], contributes to the
discontinuation of standardized recommendations for bacterial infection prophylaxis in stem cell
transplantation and accounts for observed variation among transplantation centers, resulting in a diverse
approach to prophylactic antibiotic use based on each center's experience and risk-benefit assessment.

According to a recent survey conducted within the Blood and Marrow Transplant Clinical Trials Network
(BMT-CTN) centers, roughly 75% of the centers use fluoroquinolones as a preventive measure against
bacterial infections (levofloxacin in 80% and ciprofloxacin in 20%). In contrast, 15% of the centers do not
use bacterial prophylaxis. Around 70% of the centers adopt prophylaxis initiation on specific dates (55%
before and approximately 15% after day 0), whereas the remaining centers initiate the treatment on the
occurrence of neutropenia [25]. During the period when these data were collected, levofloxacin was used in
all patients in our center, but the time of initiation of treatment varied.

Our study yielded no significant variations in demographic or clinical findings between patients who were
administered levofloxacin during hospitalization versus those who initiated it on the day of transplantation.
Multiple factors may contribute to this outcome, which should be acknowledged. Implementing other
preventive strategies, such as antifungal prophylaxis and infection control techniques, was crucial in
reducing infections and lowering discrepancies among both groups. Moreover, regardless of when
levofloxacin prophylaxis was initiated, its adequacy for reducing infections might have been comparable
regardless of the timing of initiation. Differences in diagnoses, transplant types (autologous vs. allogeneic),
conditioning regimens (myeloablative vs. reduced-intensity), and the random assignment of levofloxacin
initiation timing may also contribute to variations in outcomes.

The limitations of this study include its retrospective design, small sample size, single-center nature, and a
limited follow-up period of six months. Additionally, the relationship between levofloxacin prophylaxis and
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graft-versus-host disease (GVHD) has not been addressed. Lastly, omitting a comparison group that did not
receive levofloxacin prophylaxis obstructs us from executing direct outcome comparisons between
individuals who were on prophylaxis versus those who were not. Thus, future research initiatives should
diligently address these limitations in order to foster a deeper understanding within this realm.

Conclusions

Our study provides valuable insights into the timing of levofloxacin prophylaxis in autologous and
allogeneic HSCT patients. Our findings suggest that the timing of levofloxacin initiation, whether during
hospitalization or on the day of transplantation, may not significantly impact infection outcomes or
mortality rates in this patient population. However, it's crucial to interpret these findings with caution due
to the limitations of our study, including the small sample size and retrospective design. Healthcare
professionals should continue to consider individual patient factors and clinical circumstances when
determining prophylactic strategies, while remaining vigilant for emerging evidence in this area. Future
research with larger sample sizes and prospective study designs is warranted to corroborate our findings and
provide more robust evidence.
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