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Abstract

Background: Infections significantly predominate during induction chemotherapy for
acute lymphoblastic leukaemia (ALL) in children. Antibacterial prophylaxis is one strategy
that lowers the risk of these infections. This study evaluates the role of levofloxacin pro-
phylaxis on the frequency of infections, febrile neutropenia (FN) and outcomes associ-
ated with it along with the development of drug-resistance.

Subject and methods: This was a single-centre cohort study in which the data were col-
lected from electronic health records between two cohorts of high-risk ALL patients in
the induction phase: the first one before the initiation of levofloxacin prophylaxis and
the second was after the implementation of levofloxacin prophylaxis. The variables were
compared between both the groups and odds ratios were calculated for clinical outcomes.

Results: Out of 227 patients, 115 were given levofloxacin prophylaxis and 112 were
in the no prophylaxis group. Both cohorts were similar in demographic factors, treat-
ment regimen and supportive care services. There was a significant difference in total in-
patient admissions along with FN admissions (p = 0.026). Microbiologically documented
infections and infection-related critical interventions were significantly higher in the no
prophylaxis group (p < 0.05). Odds ratios with a 95% confidence interval were applied to
both groups for clinical outcomes in patients with and without FN which also illustrated
similar results. Overall mortality and drug resistance patterns were similar among both
groups.

Conclusion: This study emphasised that levofloxacin is effective in reducing inpatient
admissions with FN and its complications but did not affect the drug-resistance pattern.
Long-term monitoring for antibiotic resistance is mandatory.
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Introduction

Treatment-related mortality and morbidity are one of the most important aspects of
acute lymphoblastic leukaemia (ALL) management, in which infections play a major role;
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the reported mortality rate in paediatric ALL patients in developed countries, due to infections, is around 4% [1-4]. However, it remains
relatively high in low- and middle-income countries (LMICs). Marwaha et al [5] from India, as well as Jabeen et al [6] from Pakistan, reported
between 10% and 20% mortality during induction. Similarly, results from another local study in Pakistan showed a 14% induction mortality
rate with upfront multi-agent chemotherapy which was lowered to 9% when prednisolone prophase was administered for 1 week instead of
upfront multi-agent chemotherapy [7]. This higher treatment-related mortality, particularly during induction, is a key concern for underdevel-
oped countries. The reasons are many, including a late presentation with a higher illness burden, a high prevalence of infection, malnourish-
ment and poor supportive care measures.

Febrile neutropenia (FN) is one of the known consequences of chemotherapy in haematologic malignancies [8]. Patients with FN often
experience bacterial infections that, although not yet confirmed through a blood culture, have the potential to progress to septicaemia,
resulting in increased treatment-related morbidity and mortality. Without preventive measures, 48%-60% of FN patients acquire infections,
and 16%-20% of profoundly neutropenic (neutrophil counts < 0.1 x 107 cells/L) patients experience bacteraemia [9]. Trimethoprim-sulfa-
methoxazole has been used as antimicrobial prophylaxis in routine clinical practice though fluoroquinolones are another appealing option
as they have a broader antimicrobial spectrum [10]. When used as antibiotic prophylaxis, fluoroquinolones may help decrease infections in
patients with FN, but inculcating this as standard practice is still controversial as some studies have shown benefits yet others do not show
similar results [11, 12].

In adult cancer patients undergoing rigorous chemotherapy, antibiotic prophylaxis has demonstrated decreased bacteraemia and enhanced
survival [13]. A study conducted in Saudi Arabia on children with ALL reported a decreased frequency of bloodstream infections (BSlIs) with
ciprofloxacin prophylaxis during delayed intensification [14]. In a large study conducted at St. Jude Children’s Research Hospital, reduced
rates of FN, microbiologically documented infection (MDI), likely bacterial infection (LBI), and BSls were observed after levofloxacin prophy-
laxis during induction therapy for ALL [15]. Another multicentre, randomised, open-label phase 3 trial (ACCL0934) conducted by the Chil-
dren’s Oncology Group concluded that the receipt of levofloxacin prophylaxis compared to no prophylaxis in children with acute leukaemia
who received intensive chemotherapy led to significant reductions in bacteraemia [16]. Recently published clinical practice guidelines sug-
gest a weak recommendation for antibacterial prophylaxis in children with acute myeloid leukaemia (AML) and relapsed ALL, with levofloxa-
cin being the preferable antibacterial drug also in addition weak recommendations were given against the usual use of systemic antibiotic
prophylaxis for children having induction chemotherapy for ALL due to scarce data on children [17].

There is limited published data regarding antibacterial prophylaxis in the paediatric populations with haematologic malignancies. Frequent
inpatient admissions due to FN and deaths due to infections impose a major hurdle in the treatment of these patients in LMIC. Despite
similar treatment protocols as that of western countries, chemotherapy-induced toxic effects are more severe in resource-limited settings.
Because of persistent neutropenia, these harmful effects include serious infections and infection-related mortality. This study explores the
role of antibacterial prophylaxis on the frequency of infections, FN and complications associated with it, like septicaemia and septic shock
and treatment-related mortality, and it also addresses the issue of drug resistance to fluoroquinolones once the prophylaxis has been started.
Finally, this study might help to establish standard guidelines for antibiotic prophylaxis in our setting.

Materials and methods

This study was conducted at The Indus Hospital (TIH), by the Paediatric Oncology Department, Karachi, Pakistan. TIH is a charitable hospital
in which most patients with poor socioeconomic status are served, as the quality healthcare provided is free of cost. The Paediatric Haema-
tology Oncology Department of TIH is one of the largest in the country, seeing >800 new patients per year. Induction therapy is provided
on an outpatient basis as inpatient capacity is limited and most of the time is occupied with admissions secondary to infections because of
FN and drug toxicities.

A modified approach of prednisolone prophase without any other chemotherapeutic agent is adapted to offer minimally toxic treatment for a
week to both groups except for those patients who present with mediastinal mass or leukostasis [18]. The objective is to gradually decrease
the leukaemia burden, thereby reducing the risk of toxic death due to tumour lysis or prolonged and severe neutropenia, especially in the
settings of LMICs. This also allows nutritional rehabilitation and treatment of coexistent infections. On day 8 of treatment prophase response
assessment was performed. The criteria of absolute blast count of <1,000 versus 21,000/uL on peripheral blood was used as good versus
poor response, respectively. Poor responders were assigned to high-risk group.
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According to the risk group, according to the National Cancer Institute risk, standard and high (HR), a multi-agent chemotherapeutic protocol
was started, which included three or four cytotoxic drugs, respectively, with the difference of anthracycline treatment given to the HR group
in induction phase using the modified Berlin-Frankfurt-M{inster ALL protocol. Patients with CNS-3, age > 10 years, and those with unfavour-
able cytogenetics (Hypodiploidy, MLL rearrangements, BCR-ABL translocation) were considered HR.

As per our institutional policy antibiotic prophylaxis was not a part of high-risk leukaemia protocol before November 2018, so data from
one cohort, i.e., no prophylaxis group will be collected from electronic medical records from November 2017 to 2018. In 2019, our insti-
tute added levofloxacin prophylaxis during the induction phase as part of the leukaemia protocol, based on international studies that were
conducted in that time period. These studies showed favourable outcomes with the addition of levofloxacin prophylaxis [14-16]. Primary
prophylaxis was assessed from the commencement of multi-agent induction chemotherapy until the onset of FN or infection, or until the
end of induction therapy (first clinical event). Dosing for levofloxacin prophylaxis was as follows: age <5 years, 10 mg/kg PO every 12 hours
(max. 250 mg every 12 hours); age 25 years, 10 mg/kg PO daily (max. 500 mg daily). The data of the levofloxacin prophylaxis cohort were
collected after institutional review board approval, from December 2020 to 2021. A sample size of 226, with 113 in each arm, was targeted.

Patients of both genders who are diagnosed as high-risk ALL from the age of 1 year and above during induction therapy and also those who
were admitted to the hospital with FN or any suspected infection were included in the study. Those who are under the age of 1 year and
who were admitted for any reason other than FN or any suspected infection were excluded. Patients with ALL who already had infection or
culture-positivity before initiation of chemotherapy were also not included. Those patients who developed FN or suspected infection dur-
ing the first 7 days of induction were also excluded from both groups due to inadequate time for the effectiveness of primary prophylaxis.

The Common Terminology Criteria for Adverse Events, version 5.0 [19], were used to capture all infection-related adverse events in the
study, and standard definitions were modulated to further categorise episodes as per our institutional standards and limitations as depicted
in Table 1.

Routine radiological investigations and blood samples that were drawn from all patients during the inpatient stay were considered. Inpatient
admissions due to FN or any infective cause were considered our primary outcome. The type of infection was labelled as per the operational
definitions given above and was sorted into groups of clinically documented infection (CDI), LBI, MDI and BSI, as defined above. The clinical
implications of these infections like sepsis, severe sepsis, sentinel events or any urgent intervention required were measured for statistical
analysis. These variables were compared between two cohorts of ALL patients on induction chemotherapy, one with levofloxacin prophylaxis
and the other without levofloxacin prophylaxis.

Table 1. Operational definitions (adapted from [15]).

Microbiologically Diagnosed bacterial, viral, fungal or parasitic infection, with supportive microbiological evidence, such as a positive culture,

documented infection antigen and antibody tests, clinical prodrome of some specific viral illnesses, laboratory and radiological evidence of fungal
infection like beta-D glucan and galactomannan.

CDI Infection diagnosed by the treating clinician for which a specific microbial cause could not be demonstrated.

LBI Any infection with a microbiologically documented bacterial cause or that was clinically documented in categories typically

attributed to bacterial infection, including pneumonia, skin and soft-tissue infection osteomyelitis or myositis, enterocolitis,
otitis media or externa, sinusitis, epididymo-orchitis, central line infection, pharyngitis, perianal abscess or cellulitis,
peritonitis, lymphadenitis or culture-negative sepsis [15].

BSI Any infection caused by a recognised pathogen that was isolated from 21 blood culture in the context of a compatible clinical
illness; common commensal bacteria were included if identified from multiple culture sets, or if a single blood culture set was
collected before the start of antibiotic therapy and the result deemed clinically significant by the treating clinician.

Sepsis The presence of two or more of the systemic inflammatory response syndrome criteria in patients with suspected infection.

Severe sepsis Infection in conjunction with severe dysfunction of cardiovascular or respiratory systems or 22 other organ systems; fever or
elevated WBC count not required.

Urgent intervention Infection requiring admission to the intensive care unit (ICU), fluid resuscitation or supplemental oxygen or associated with
clinician diagnosis of septic shock.

Drug resistance Resistance to any drug as shown in the culture report of that patient.
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Clinical management of infection was at the discretion of the oncology team attending physician. The standard empirical antibiotic adminis-
tered for fever and neutropenia was piperacillin/tazobactam and amikacin. If there was a concern for an intra-abdominal focus, the substitu-
tion of meropenem for piperacillin/tazobactam was done. Vancomycin was added when there was a concern for skin infection, central line
infection or if the patient has a history of colonisation or infection with methicillin-resistant Staphylococcus aureus. Among microbiologically
documented FN episodes in our oncology centre in a year, the most identified pathogens were bacteria 78.6%, followed by viral infec-
tions 15%, fungus 6% and Mycobacterium tuberculosis (one patient 0.4%). Gram-negative bacteria were the most common pathogen (49%),
followed by Gram-positive bacteria (23.4%). The most common bacteria which were isolated were Escherichia coli 24.7%, Klebsiella pneu-
moniae 12.3%, and Acinetobacter 5% and Pseudomonas 4.5%. Drug resistance to quinolones is 51.5% amongst these pathogens.

The decision to discharge was made on the improvement in the clinical condition of the patient, completion of total antibiotic days as per the
infectious disease department and the rising trend of neutrophil counts. The Pneumocystis jiroveci pneumonia prophylaxis was trimethoprim-
sulfamethoxazole as per our institutional standards. Fluoroquinolone sensitivity or resistance was measured from the culture and sensitivity
report. Drug resistance patterns were also compared.

Data analysis

Data was entered and analysed using Statistical Package for Social Sciences (SPSS) version 19.0. Mean + SD was computed for all the quan-
titative variables such as age, weight and height, etc. Frequency and percentage were computed for all the categorical variables like gender,
category of neutropenia, etc. An independent sample T-test was applied for all quantitative variables. Chi-square test/Fisher’s exact test was
applied to qualitative variables. Odds ratios with a 95% confidence interval (Cl) were used to assess the association between the prophylaxis
group and clinical outcomes. p-value < 0.05 was considered statistically significant.

Results

The total number of patients who fulfilled the inclusion criteria was 234; out of which 4 patients abandoned treatment in total, 1 patient left
against medical advice in the no prophylaxis group due to non-compliance while two patients were also excluded as they were lost to follow-
up. Hence, 115 patients were in the levofloxacin prophylaxis group and 112 were in the no prophylaxis group. The data of 115 patients were
prospectively collected, while the data were extracted retrospectively for the comparison group of 112 patients. Those who were admitted
without any suspected infection or had an infection before the opportunity to start prophylaxis, or who had an infection before starting
chemotherapy were not considered eligible. Age groups, gender and body mass index were similar between both groups as shown in Table 2.

Table 2 also highlighted that the total number of hospital admissions was significantly reduced in the prophylaxis group (p = 0.026). The aver-
age duration of hospital admission for patients was shorter in patients who received prophylaxis as compared to those who did not (2 versus
7 days; p = 0.016). Patients who remained admitted for >7 days were mostly for the completion of the total antibiotic duration. However,
no significant difference in readmission in both the groups. This study also found a significant decline in the total number of admissions with
FN in the levofloxacin group (p = 0.008).

Table 3 showed that LBIs were higher in the no prophylaxis group, but statistical significance was not found. There is a statistically significant
difference in MDls; 32.9% in patients without prophylaxis and 16.4% in those who were receiving levofloxacin prophylaxis (p = 0.035). In
the prophylaxis group, only one patient had a BSI. The need for urgent intervention like fluid resuscitation and high-density unit (HDU)/ICU
admissions was significantly higher in the no prophylaxis group as shown in Table 3 (p = 0.002). The number of patients in the levofloxacin
group (n = 5) who underwent sepsis and septic shock was lesser than in the no prophylaxis group (n = 10) but statistically, this was not sig-
nificant. There was no statistical difference in mortality due to infection-related complications in both the groups.

Table 3 also depicted the details of cultures and drug-resistance patterns observed in admitted patients. A total of 25 patients had a culture-
positive infection of which 6 out of 55 patients had positive cultures in the levofloxacin group and 19 out of 70 patients in the no prophylaxis
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group (p = 0.030). The incidence of gram-negative organisms was equally high in both groups. Fluoroquinolone resistance remained a bit high,
and more patients had multidrug-resistant pathogens in the levofloxacin group although statistical significance was not seen. The causative
organisms remained similar in both groups as shown in Table 4. Escherichia coli was the prevalent pathogen in both groups.

Odds ratios with 95% Cl were applied to both groups for clinical outcomes in patients with and without FN which also illustrated similar
results as shown in Table 5. Although LBIs and MDIs were greater in number in febrile neutropenic patients in the no prophylaxis group,
statistical significance was not found.

Table 2. General characteristics of patients with or without prophylaxis.

Age group Levofloxacin prophylaxis No prophylaxis p-value
(n=115) (n=112)
210 years 58 (50.4%) 64 (57.1%) 0.311
<10 years 57 (49.6%) 48 (42.9%)
Gender
Male 75 (65.2%) 74 (66.1%) 0.892
Female 40 (34.8%) 38 (33.9%)

Admitted in hospital
Yes 55 (47.8%) 70 (62.5%) 0.026
No 60 (52.2%) 42 (37.5%)

Body mass index

Mean + SD 14.6 £ 2.58 14.7 £2.48 0.647
Hospital stay (in days)
<3 days 17 (30.9%) 13 (18.6%) 0.109
4-7 days 18 (32.7%) 38 (54.3%) 0.016
>7 days 20 (36.4%) 19 (27.1%) 0.270
Re-admissions
1 40 (72.7%) 52 (74.3%)
2 14 (25.5%) 15(21.4%) 0.667
3 1(1.8%) 3 (4.3%)
Risk profile
T-ALL 30 (26%) 26 (23.2%) 0.364
B-ALL 85 (73.9%) 86 (76.8%) 0.364
t(9:22) 20 (23.5%) 23(26.7%) 0.332
Hypodiploidy 15(17.6%) 18 (20.9%) 0.323
MLL rearrangement 12 (14.1%) 10 (11.6%) 0.437
Prednisolone poor responder 35 (30.4%) 40 (35.7%) 0.241
CNS 3 32(27.8%) 38 (33.9%) 0.197

Bold values denote a p-value < 0.005, which is considered significant.
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Table 3. Clinical outcomes in patients with and without levofloxacin.

Levofloxacin prophylaxis No prophylaxis p-value
Admitted in hospital n=55 n=70
Neutropenia
FN 31(56.4%) 55(78.6%)
Non FN 24 (43.6%) 15 (21.4%) 0008
Infection-related adverse events
CDI 22 (40.0%) 24 (34.3%) 0.510
MDI 9 (16.4%) 23 (32.9%) 0.035
BSI 1(1.8%) 3(4.3%) 0.810
LBI 30 (54.5%) 42 (60.0%) 0.540
Consequences of infection
Sepsis 1(1.8%) 6 (8.6%) 0.103
Death 4 (7.3%) 4(5.7%) 0.454
Stable 50 (90.9%) 60 (85.7%) 0.375
Need for urgent interventions | 14 (25.5%) | 31 (44.3%) | 0.029
Positive cultures | 6(10.9%) | 19071% | 0030
Organisms identified
Gram-positive 1 5
Gram-negative 3 14
Both 2 0
Drug-resistance
Resistant to fluoroquinolone 5(83.3%) 12 (63.1%) 0.355
Carbapenem-resistant enteric rods 2 (33.3%) 8(42.1%) 0.544
Vancomycin-resistant organism 1(16.6%) 2 (10.5%) 0.578
Multidrug resistant organism 2 (33.3%) 2(10.5%) 0.233

Bold values denote a p-value < 0.005, which is considered significant.

Table 4. Pattern and sites of isolated organisms.

Isolated organisms Levofloxacin prophylaxis No prophylaxis
(n=9) (n=23)
Bacteria
E. coli 2 6
K. pneumoniae 1 4
Acinetobacter baumannii 1 1
Pseudomonas aeruginosa 2
Burkholderia 1
S. aureus 1 1
(Continued)
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Table 4. Pattern and sites of isolated organisms. (Continued)

Coagulase-negative Staphylococci 2
Enterococcus 1
M. tuberculosis 1
Fungi
Aspergillus 1
Candida 1
Viruses
Varicella 1 1
Measles 1
Herpes 1
Site of isolate
Blood culture 3 12
Urine culture 1 4
Pus culture 2
Central line

Bold values denote a p-value < 0.005, which is considered significant.

Table 5. Risk factor (odds ratio) with and without prophylaxis.

Levofloxacin No prophylaxis | OR (95% of Cl) p-value
prophylaxis (n=70)
(n=55)

Qutcome
FN 31(56.4%) 55 (78.6%) 0.35(0.15-0.82) 0.008
FN with CDI 10 (32.3%) 16 (29.1%) 1.16 (0.40-3.33) 0.758
FN with MDI 9 (29.0%) 21 (38.2%) 0.66(0.23-1.88) 0.393
FN with LBI 18 (58.1%) 35 (63.6%) 0.79 (0.29-2.14) 0.609
CDI 22 (40.0%) 24 (34.3%) 1.28 (0.58-2.83) 0.510
MDI 9 (16.4%) 23(32.9%) 0.40(0.15-1.03) 0.035
LBI 30 (54.5%) 42 (60.0%) 0.80(0.37-1.74) 0.540

Bold values denote a p-value < 0.005, which is considered significant.

Discussion

This study illustrated that levofloxacin prophylaxis resulted in a decrease in inpatient admissions due to suspected infections, and a decrease
in FN episodes. These findings are in line with a study conducted in Saudi Arabia, which demonstrated a decrease in the duration of hospitali-
sation in patients receiving ciprofloxacin prophylaxis [14]. In contrast, a trial conducted by the Children’s Oncology Group showed that the
mean duration of hospitalisation did not differ significantly between the two groups [16] which differs with the findings in our study. These
results reflecting the effectiveness of antibacterial prophylaxis not only improves patient outcomes, but is also cost-effective, which is mainly
of importance in LMIC settings where resources are scarce. A study was done on the cost-utility analysis by the SickKids team also revealed
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that antibacterial prophylaxis with levofloxacin in children receiving chemotherapy for AML or recurrent ALL is linked with significant cost
reductions as compared to no prophylaxis [20].

The second important finding of our study was the significance of levofloxacin prophylaxis in the reduction of MDlIs. Even though the popula-
tion covered in this study was from LMIC was not relatable to that of the developed countries due to limited supportive care measures and the
incidence of malnutrition is much higher, the results were similar [14-16, 21]. The study conducted at St. Jude Children’s Research Hospital
also showed that patients who received any antibacterial prophylaxis were significantly less likely to have FN and infection-related adverse
events than those who did not receive prophylaxis. Another study conducted from 2012 to 2015 at Dana Farber Cancer Institute (DFCI) also
depicts similar results [16].

This study also highlighted the fact that the need for urgent interventions due to sepsis and septic shock was also significantly higher in
those patients who were not on a prophylactic antibiotic. This would lead to fewer ICU admissions and further cost reduction. These facts
were different from the study performed at St. Jude’s Hospital. The proportions of severe sepsis or sepsis requiring urgent intervention did
not differ between the two groups as there was a different setting and lower incidence of infections as compared to developing countries
[15]. A randomised controlled trial in Indonesia showed unexpected results. Patients in the ciprofloxacin arm were more likely to develop
fever, clinical sepsis and death from complications than patients in the placebo arm. They discovered that the ciprofloxacin group had a lower
absolute neutrophil count nadir. As a matter of fact, in developing countries malnutrition is also an important factor for fever and infections
and prolonged neutropenia could add to the misery [22].

There was a trend toward a decreased rate of death during induction in the DFCI study, although this did not reach statistical significance
[21] as our study also showed that overall mortality was similar in both groups. Apart from severe bacterial infections, numerous negative fac-
tors influenced the mortality results of acute leukaemia patients, including lethal haemorrhage, disseminated thrombosis and invasive fungal
infections. As a result, we feel that the FN rate, bacteraemia rate and rate of MDIs were more important outcomes to assess the efficiency
of levofloxacin prophylaxis rather than treatment-related mortality rates.

There were other studies which revealed strikingly different results from this study. A Canadian study showed although levofloxacin for
FN prevention in patients with AML in adults was related to fewer hospitalisations but secondary outcomes such as total days of antibiotic
treatment, day of readmission for FN and incidence of positive bacterial cultures were unaffected by levofloxacin [23]. The reason could be
a small sample size and compliance to oral levofloxacin could not be assessed as it was retrospective study. Patel et al [24] also discovered
that there was no significant difference in the FN, CDI, treatment antibiotic exposure days, or 30-day infection-related mortality between
the two groups in AML and haematopoietic stem cell transplant patients [24]. This study was also retrospective single-centre study so results
could not be compared effectively due to study design.

Studies regarding antibacterial resistance after levofloxacin prophylaxis have shown conflicting findings. The development of antibiotic resis-
tance had reduced the use of antibacterial prophylaxis in a study performed in Australia [25] as fluoroquinolone resistance was higher to some
extent in patients who were on levofloxacin prophylaxis but there was not any statistical difference in both groups similar to the results of
our study. A meta-analysis discovered no statistically significant rise in quinolone-resistant infection, but the follow-up length in these trials
was insufficient to address the issue of long-term resistance [13]. Few studies in adult cancer patients revealed similar facts. According to the
Gruppo Italiano Malattie Ematologiche dell’Adulto (GIMEMA) Infection Program Data Center randomised placebo-controlled trial and a recent
large meta-analysis of randomised controlled trials comparing fluoroquinolone prophylaxis with placebo or no intervention, fluoroquinolone
resistance associated with prophylaxis seems not to effect clinical outcomes such as infection-related morbidity and mortality [26-29].

This study's nonrandomised design and comparison to historical controls are the key limitations in drawing concrete conclusions about the
therapeutic efficacy of fluoroquinolone prophylaxis during induction chemotherapy for ALL. However, there was no significant demographic
difference between both cohorts. The socioeconomic status, ALL induction chemotherapy protocol, supportive care services, intensive care
management and empirical antibiotic treatment for FN as per the institutional guidelines were also similar in both groups. Infection control
practices during both the time periods were evaluated. The incidence of central line blood stream infections, catheter associated urinary
tract infections, hospital acquired infections, emergence of multi-drug resistant organisms and hand hygiene practices among doctors and
allied medical staff remained same throughout both the study periods. Exposure to levofloxacin, on the other hand, relates to the risk of side
effects such as Clostridium difficile-associated colitis, susceptibility to invasive fungal iliness and musculoskeletal and neurological toxicity
which were not collected in this study due to resource-limited setting.
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Conclusion

In conclusion, our study demonstrated that levofloxacin prophylaxis in HR paediatric ALL patients reduces the frequency and duration of
inpatient hospital admissions and also reduces infection-related adverse events. Consequently, this is more cost-effective for the hospital
and for the patient as well as there would be reduced time away from work. Levofloxacin can also play a role in the decline of infection-
related adverse events and further critical interventions. This would be specifically beneficial in LMICs with limited supportive care services,
high induction mortality and high rates of infections due to the logistic issues, lack of hygiene and literacy level of the population. Further
prospective studies and randomised controlled trials are necessary for the use of levofloxacin prophylaxis regarding its beneficial effects and
the long-term monitoring of the antibiotic susceptibility of the pathogenic organisms.

Conflicts of interest and funding

There are no conflicts of interest and no financial support for this study.

References

10.

11.

. Christensen MS, Heyman M, and Métténen M, et al (2005) Treatment-related death in childhood acute lymphoblastic leukaemia in the

Nordic countries: 1992-2001 Br J Haemat 131(1) 50-58 https://doi.org/10.1111/j.1365-2141.2005.05736.x

Inaba H, Pei D, and Wolf J, et al (2017) Infection-related complications during treatment for childhood acute lymphoblastic leukemia
Ann Oncol 28(2) 386-392 https://doi.org/10.1093/annonc/mdw557 PMID: 28426102 PMCID: 5834143

O’Connor D, Bate J, and Wade R, et al (2014) Infection-related mortality in children with acute lymphoblastic leukemia: an analysis of
infectious deaths on UKALL2003 Blood 124(7) 1056-1061 https://doi.org/10.1182/blood-2014-03-560847

Slats A, Egeler R, and Korbijn C, et al (2005) Causes of death-other than progressive leukemia-in childhood acute lymphoblastic (ALL)
and myeloid leukemia (AML): the Dutch Childhood Oncology Group experience Leukemia 19(4) 537-544 https://doi.org/10.1038/
sj.leu.2403665 PMID: 15690069

Marwaha RK, Kulkarni KP, and Bansal D, et al (2010) Pattern of mortality in childhood acute lymphoblastic leukemia: experience from
a single center in northern India J Pediatr Hematol Oncol 32(5) 366-369 https:/doi.org/10.1097/MPH.0b013e3181e0d036 PMID:
20502353

Jabeen K, Ashraf MS, and Iftikhar S, et al (2016) The impact of socioeconomic factors on the outcome of childhood acute lymphoblas-
tic leukemia (ALL) treatment in a low/middle income country (LMIC) J Pediatr Hematol Oncol 38(8) 587-596 https:/doi.org/10.1097/
MPH.0000000000000653 PMID: 27467375

. Jabbar N, Mansoor N, and Nadeem K, et al (2020) Prednisolone prophase for a week versus upfront multiagent chemotherapy in child-

hood acute lymphoblastic leukemia: an analysis with reference to induction mortality in a developing country J Pediatr Hematol Oncol
42(3) 181-184 https://doi.org/10.1097/MPH.0000000000001636

Viscoli C and Castagnola E (2002) Treatment of febrile neutropenia: what is new? Curr Opin Infect Dis 15(4) 377-382 https://doi.
org/10.1097/00001432-200208000-00004 PMID: 12130933

. Bodey GP, Buckley M, and Sathe Y, et al (1966) Quantitative relationships between circulating leukocytes and infection in patients with

acute leukemia Ann Intern Med 64(2) 328-340 https://doi.org/10.7326/0003-4819-64-2-328 PMID: 5216294

Young LS (1994) Management of infections in leukemia and lymphoma Clinical Approach to Infection in the Compromised Host eds Rubin
RH, Young LS, and Furth R (New York: Springer) pp 551-579 https://doi.org/10.1007/978-1-4615-2490-8_21

Cullen M and Baijal S (2009) Prevention of febrile neutropenia: use of prophylactic antibiotics BrJ Cancer 101(S1) S11-514 https://doi.
org/10.1038/sj.bjc.6605270 PMID: 19756000 PMCID: 2752225

ecancer 2023, 17:1606; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1606 9


http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1606
https://doi.org/10.1111/j.1365-2141.2005.05736.x
https://doi.org/10.1093/annonc/mdw557
http://www.ncbi.nlm.nih.gov/pubmed/28426102
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5834143
https://doi.org/10.1182/blood-2014-03-560847
https://doi.org/10.1038/sj.leu.2403665
https://doi.org/10.1038/sj.leu.2403665
http://www.ncbi.nlm.nih.gov/pubmed/15690069
https://doi.org/10.1097/MPH.0b013e3181e0d036
http://www.ncbi.nlm.nih.gov/pubmed/20502353
https://doi.org/10.1097/MPH.0000000000000653
https://doi.org/10.1097/MPH.0000000000000653
http://www.ncbi.nlm.nih.gov/pubmed/27467375
https://doi.org/10.1097/MPH.0000000000001636
https://doi.org/10.1097/00001432-200208000-00004
https://doi.org/10.1097/00001432-200208000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12130933
https://doi.org/10.7326/0003-4819-64-2-328
http://www.ncbi.nlm.nih.gov/pubmed/5216294
https://doi.org/10.1007/978-1-4615-2490-8_21
https://doi.org/10.1038/sj.bjc.6605270
https://doi.org/10.1038/sj.bjc.6605270
http://www.ncbi.nlm.nih.gov/pubmed/19756000
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2752225

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Pascoe J and Steven N (2009) Antibiotics for the prevention of febrile neutropenia Curr Opin Hematol 16(1) 48-52 https:/doi.
org/10.1097/MOH.0b013e32831ac543

Gafter-Gvili A, Fraser A, and Paul M, et al (2012) Antibiotic prophylaxis for bacterial infections in afebrile neutropenic patients following
chemotherapy Cochrane Database Syst Rev 1(1) CD004386

Yousef AA, Fryer CJ, and Chedid FD, et al (2004) A pilot study of prophylactic ciprofloxacin during delayed intensification in children
with acute lymphoblastic leukemia Pediatr Blood Cancer 43(6) 637-643 https://doi.org/10.1002/pbc.20065 PMID: 15390313

Wolf J, Tang L, and Flynn PM, et al (2017) Levofloxacin prophylaxis during induction therapy for pediatric acute lymphoblastic leukemia
Clin Infect Dis 65(11) 1790-1798 https://doi.org/10.1093/cid/cix644 PMID: 29020310 PMCID: 5850441

Alexander S, Fisher BT, and Gaur AH, et al (2018) Effect of levofloxacin prophylaxis on bacteremia in children with acute leukemia or
undergoing hematopoietic stem cell transplantation: a randomized clinical trial JAMA Netw 320(10) 995-1004 https://doi.org/10.1001/
jama.2018.12512

Lehrnbecher T, Fisher BT, and Phillips B, et al (2019) Guideline for antibacterial prophylaxis administration in pediatric cancer and
hematopoietic stem cell transplantation Clin Infect Dis 71(1) 226-236 https://doi.org/10.1093/cid/ciz1082 PMID: 31676904 PMCID:
7312235

Schrappe M, Reiter A, and Zimmermann M, et al (2000) Long-term results of four consecutive trials in childhood ALL performed
by the ALL-BFM study group from 1981 to 1995. Berlin-Frankfurt-Miinster Leukemia 14(12) 2205-2222 https://doi.org/10.1038/
sj.leu.2401973

U.S. Department of Health and Human Services, National Institutes of Health, and National Cancer Institute (2017) Common Terminol-
ogy Criteria for Adverse Events (CTCAE) Version 5.0 2017 [https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/
CTCAE_v5_Quick_Reference_8.5x11.pdf]

Maser B, Pelland-Marcotte MC, and Alexander S, et al (2020) Levofloxacin prophylaxis in hospitalized children with leukemia: a cost-
utility analysis Pediatr Blood Cancer 67(10) e28643 https:/doi.org/10.1002/pbc.28643 PMID: 32785971

Sulis ML, Blonquist T, and Stevenson K, et al (2018) Effectiveness of antibacterial prophylaxis during induction chemotherapy in chil-
dren with acute lymphoblastic leukemia Pediatr Blood Cancer 65(5) €26952 https://doi.org/10.1002/pbc.26952 PMID: 29319209

Widjajanto PH, Sumadiono S, and Cloos J, et al (2013) Randomized double blind trial of ciprofloxacin prophylaxis during induction
treatment in childhood acute lymphoblastic leukemia in the WK-ALL protocol in Indonesia J Blood Med 4 1 https://doi.org/10.2147/
JBM.S33906 PMID: 23403504 PMCID: 3565570

Lee SS, Fulford AE, and Quinn MA, et al (2018) Levofloxacin for febrile neutropenia prophylaxis in acute myeloid leukemia patients
associated with reduction in hospital admissions Support Care Cancer 26(5) 1499-1504

Patel B, Noda A, and Godbout E, et al (2020) Levofloxacin for antibacterial prophylaxis in pediatric patients with acute myeloid leuke-
mia or undergoing hematopoietic stem cell transplantation J Pediatr Pharmacol Ther 25(7) 629-635 PMID: 33041718 PMCID: 7541028

Haeusler GM and Slavin MA (2013) Fluoroquinolone prophylaxis: worth the cost? Leuk Lymphoma 54(4) 677-678 https://doi.org/10.3
109/10428194.2012.736988

Bucaneve G, Micozzi A, and Menichetti F, et al (2005) Levofloxacin to prevent bacterial infection in patients with cancer and neutrope-
nia N Engl J Med 353(10) 977-987 https://doi.org/10.1056/NEJM0a044097 PMID: 16148283

Leibovici L, Paul M, and Cullen M, et al (2006) Antibiotic prophylaxis in neutropenic patients: new evidence, practical decisions Cancer
107(8) 1743-1751 https://doi.org/10.1002/cncr.22205 PMID: 16977651

Gafter-Gvili A, Fraser A, and Paul M, et al (2005) Meta-analysis: antibiotic prophylaxis reduces mortality in neutropenic patients Ann
Intern Med 142(12_Part_1) 979-995 https://doi.org/10.7326/0003-4819-142-12_Part_1-200506210-00008 PMID: 15968013

Gafter-Gvili A, Paul M, and Fraser A, et al (2007) Effect of quinolone prophylaxis in afebrile neutropenic patients on microbial resis-
tance: systematic review and meta-analysis J Antimicrob Chemother 59(1) 5-22 https://doi.org/10.1093/jac/dkl425

ecancer 2023, 17:1606; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1606 10


http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1606
https://doi.org/10.1097/MOH.0b013e32831ac543
https://doi.org/10.1097/MOH.0b013e32831ac543
https://doi.org/10.1002/pbc.20065
http://www.ncbi.nlm.nih.gov/pubmed/15390313
https://doi.org/10.1093/cid/cix644
http://www.ncbi.nlm.nih.gov/pubmed/29020310
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5850441
https://doi.org/10.1001/jama.2018.12512
https://doi.org/10.1001/jama.2018.12512
https://doi.org/10.1093/cid/ciz1082
http://www.ncbi.nlm.nih.gov/pubmed/31676904
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7312235
https://doi.org/10.1038/sj.leu.2401973
https://doi.org/10.1038/sj.leu.2401973
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.1002/pbc.28643
http://www.ncbi.nlm.nih.gov/pubmed/32785971
https://doi.org/10.1002/pbc.26952
http://www.ncbi.nlm.nih.gov/pubmed/29319209
https://doi.org/10.2147/JBM.S33906
https://doi.org/10.2147/JBM.S33906
http://www.ncbi.nlm.nih.gov/pubmed/23403504
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565570
http://www.ncbi.nlm.nih.gov/pubmed/33041718
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7541028
https://doi.org/10.3109/10428194.2012.736988
https://doi.org/10.3109/10428194.2012.736988
https://doi.org/10.1056/NEJMoa044097
http://www.ncbi.nlm.nih.gov/pubmed/16148283
https://doi.org/10.1002/cncr.22205
http://www.ncbi.nlm.nih.gov/pubmed/16977651
https://doi.org/10.7326/0003-4819-142-12_Part_1-200506210-00008
http://www.ncbi.nlm.nih.gov/pubmed/15968013
https://doi.org/10.1093/jac/dkl425

