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Abstract 

Background Multidrug‑resistant Gram‑negative bacterial (MRGNB) infections represent a major public health threat. 
Cancer patients and, among them, hematological patients are most vulnerable to these infections. Gut colonization 
by MRGNB is a common phenomenon occurring during hospitalization and chemotherapy exposure. In the neutro‑
penic phase that occurs after chemotherapy, MRGNB translocation occurs increasing patient’s mortality. Fluoroqui‑
nolone prophylaxis with ciprofloxacin or levofloxacin efficacy is now being questioned due to the increase of inci‑
dence in MRGNB.

Methods A phase III randomized, controlled, clinical trial, open‑label parallel‑group with a 1:1 ratio, aimed to dem‑
onstrate the non‑inferiority of oral fosfomycin versus oral ciprofloxacin for febrile neutropenia prevention in patients 
with acute leukemia (AL) or hematopoietic cell transplant (HSC) receptors. Weekly surveillance cultures are planned 
to detect gut colonization. Changes in fecal microbiome at the beginning and end of prophylaxis will also be 
analyzed.

Discussion This trial will provide evidence of the efficacy of an alternative drug to ciprofloxacin for febrile neutro‑
penia prevention in high‑risk hematological patients. The battery of planned microbiological studies will allow us 
to evaluate prospectively the microbiological safety of both pharmacological strategies in terms of the selection 
of MRGNB occurring in each arm. In addition, valuable information on the way in which each drug changes the fecal 
microbiome of the patients throughout the treatment will be generated.
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Trial registration Clinical trials NCT05311254, Registered on 5 April 2022, https:// clini caltr ials. gov/ ct2/ show/ NCT05 
311254? term= FOVOC IP& cntry= ES& draw= 2& rank=1. Protocol version: 3.0, dated 20 May 2022.
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Introduction
Background and rationale {6a}
The use of fluoroquinolones (FQ) ciprofloxacin or lev-
ofloxacin is an established practice for the prevention 
of infectious events in hematologic patients in whom 
long lasting and profound neutropenia (absolute neu-
tropenia count ≤ 0.1/ ×  109/L for more than 7  days) is 
expected. Patients included in this category are acute 
leukemia (AL) patients treated with intensive chemo-
therapy and allogeneic hematopoietic stem cell trans-
plant (HSCT) recipients [1, 2]. In these patients, FQ 
exposure is associated with the development of multi-
drug-resistant Gram-negative bacteria (MRGNB) gut 
colonization [3]. These infections are associated with 
increased mortality in HSCT receptors and AL patients 
[4, 5]. A way of limiting the spread of MRGNB is by 
means of systematic surveillance of gut colonization 
by these bacteria. This practice has shown to prevent 
nosocomial dissemination by carbapenemase-produc-
ing enterobacteria [6]. In hematological patients, sys-
tematic surveillance cultures are being increasingly 
performed because they also provide valuable informa-
tion for adjusting antimicrobial therapy at the time of 
febrile neutropenia [7, 8].

The concerns about the increasing incidence of 
MRGNB and its risks have led to questioning the actual 
recommendation of FQ prophylaxis, especially in those 
settings with a baseline resistance rate above 20% [9]. 
However, it should be noted that no controlled clinical 
trial has supported abandoning prophylaxis. Moreover, 
leaving the decision of FQ prophylaxis to physician’s 
criteria puts the patients at risk of not receiving an ade-
quate treatment.

https://clinicaltrials.gov/ct2/show/NCT05311254?term=FOVOCIP&cntry=ES&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT05311254?term=FOVOCIP&cntry=ES&draw=2&rank=1
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
https://clinicaltrials.gov/ct2/show/NCT05311254?term=FOVOCIP&cntry=ES&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT05311254?term=FOVOCIP&cntry=ES&draw=2&rank=1
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In addition to multidrug resistance associated to FQ, 
musculoskeletal and neurological adverse events (AEs) 
related to them represent another problem. For this 
reason, the European Pharmacovigilance Risk Assess-
ment Committee recommends restricting their use 
(https:// www. aemps. gob. es/ infor ma/ notas infor mativ 
as/ medic ament osuso humano- 3/ segur idad-1/ 2018/ ni_ 
muh_ fv- 14- 2018- quino lonas- fluor oquin olonas/).

Finally, another aspect for which FQ may adversely 
impact the outcome of patients is the modification of 
the intestinal microbiota. It has been demonstrated 
that replacement of the normal fecal microbiota with 
an abnormal one occurs in patients undergoing allo-
geneic HSCT [10]. Among other factors, this event is 
the consequence of the exposure to antimicrobials, but 
it is also influenced by the occurrence of graft-versus-
host disease. The available evidence is still insufficient, 
since other factors such as immunomodulatory thera-
pies, types of transplantation (autologous versus alloge-
neic), chemotherapy, and even the state of the neoplasm 
(active versus remission) should be analyzed. Further-
more, it has also been documented that the intestinal 
microbiota is related to the development of infections in 
patients with AL, showing that those patients with low 
α-diversity have a higher risk of developing them [11].

All the aforementioned limitations related to FQ 
prophylaxis have pointed to the urgent need for explor-
ing new prophylactic drugs. In the past decades, other 
drugs were evaluated without positive results. This is 
the case of cephalosporins [12] or cotrimoxazole, which 
was abandoned due to myelotoxicity and lack of activity 
against P. aeruginosa [13].

Fosfomycin is a broad-spectrum bactericidal antibiotic 
approved for the treatment of uncomplicated urinary tract 
infections, gastrointestinal tract infections, and dermato-
logical infections caused by microorganisms sensitive to 
this antibiotic. It has activity against Gram-positive and 
Gram-negative microorganisms and against extended-
spectrum B-lactamase Enterobacteriaceae (ESBL) and/or 
carbapenemase-producing strains of enterobacteria and 
multidrug-resistant P. aeruginosa, which makes its use 
attractive even in endemic settings [14].

In view of the above, the need of conducting this study 
is justified. The results could demonstrate the non-infe-
riority of oral fosfomycin compared to oral ciprofloxacin 
in preventing infections in patients with neutropenia at 
high risk of developing infection as well as its effect on 
the intestinal flora as assessed by surveillance cultures 
and fecal microbiota analysis.

Choice of comparator {6b}
The choice of ciprofloxacin over levofloxacin is based 
on the evidence supporting its superiority in the pre-
vention of febrile neutropenia [2] and the extensive 
experience accumulated with its use over two decades 
in this setting.

Objectives {7}
Hypotheses
The use of oral fosfomycin is not inferior to oral cipro-
floxacin in the prevention of fever of infectious origin 
in high-risk neutropenic patients. This hypothesis is 
based not only on the broad-spectrum activity of fos-
fomycin but also on the low rate of resistance to this 
drug. In addition, we anticipate that the clinical efficacy 
of fosfomycin will be accompanied by an acceptable 
safety profile. Thus, there is potential for fosfomycin to 
be useful as a prophylactic agent in settings endemic 
for GNMRB.

Objective
The main objective of this clinical trial is to demon-
strate non-inferiority in efficacy of oral fosfomycin ver-
sus oral ciprofloxacin in preventing febrile neutropenia 
in patients with acute leukemia treated with intensive 
chemotherapy and/or recipients of hematopoietic stem 
cell transplantation.

Trial design {8}
The FOVOCIP study is a randomized, open-label, 
phase III clinical trial with a non-inferiority design, 
in which patients are randomized in a 1:1 ratio into 
two parallel, controlled prophylaxis groups: fosfomy-
cin or ciprofloxacin. The groups are stratified by site 
and by underlying disease (acute leukemia or stem cell 
transplantation).

FOVOCIP is a pragmatic study and very well adapted 
to the usual clinical practice of the sites of the public 
health system in Spain.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The sponsor of this study is FINBA and plans to 
include 156 patients over 2 years; therefore, 11 Spanish 
national hospitals are needed to achieve the described 
objective.

https://www.aemps.gob.es/informa/notasinformativas/medicamentosusohumano-3/seguridad-1/2018/ni_muh_fv-14-2018-quinolonas-fluoroquinolonas/
https://www.aemps.gob.es/informa/notasinformativas/medicamentosusohumano-3/seguridad-1/2018/ni_muh_fv-14-2018-quinolonas-fluoroquinolonas/
https://www.aemps.gob.es/informa/notasinformativas/medicamentosusohumano-3/seguridad-1/2018/ni_muh_fv-14-2018-quinolonas-fluoroquinolonas/
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The hospitals included are:

✓ University Hospital Central of Asturias.
✓ University Hospital La Paz.
✓ University Clinic Hospital San Carlos.
✓ Hospital San Pedro of Alcántara.
✓ University Hospital Morales Messeguer.
✓ University Hospital La Fe.
✓ University Clinic Hospital of Valencia.
✓ University Hospital of Málaga.
✓ University Hospital Fundación Jiménez Díaz.
✓ University Clinic Hospital Lozano Blesa.
✓ University Hospital of Burgos.
✓ These are academic hospital centers with expe-
rience in the management of acute leukemias and 
stem cell transplants. They are located around sev-
eral regions in Spain. Therefore, they represent a 
broad spectrum of our country geography. This 
guarantees the representativeness of the Spanish 
population and the achievement of the planned 
recruitment.
✓ The Clinical Trials agency and SCReN (Span-
ish Clinical Research Network) were responsible for 
obtaining authorization from the local ethics commit-
tee (EC) and notifying to the Spanish Agency of Medi-
cines and Medical Devices of the start-up of the study.

Eligibility criteria {10}
Candidate selection will be performed in 2 different set-
tings depending on the therapeutic procedure:

– In subjects with a suspected diagnosis of acute leu-
kemia, where the diagnosis of the neoplasm is made 
as an inpatient, the selection will take place once the 
diagnosis has been confirmed and prior to the start 
of intensive chemotherapy.

– In HSCT recipients, selection will take place on an 
outpatient basis during the pre-transplant evaluation.

Inclusion criteria
Subjects must meet all of the following inclusion 

criteria:

1. Subjects must be able to understand the study proce-
dures, comply with them, and give written informed 
consent prior to any specific study procedure.

2. Adult subjects 18 years of age who meet one of the 
following criteria:

 – Diagnosis of acute leukemia who are to receive a 
first course of intensive chemotherapy or

– Candidates to receive a first allogeneic hematopoi-
etic progenitor transplant with myeloablative con-
ditioning or

– Candidates to receive a first allogeneic hemat-
opoietic progenitor transplant with reduced-
intensity conditioning* or an autologous hemat-
opoietic progenitor transplant provided that at 
least one of the following risk factors for infec-
tion is present:

a.   Performance status (Eastern Cooperative 
Oncology Group, ECOG) ≥ 2.

b.  Expected grade 3–4 mucositis.
c.  Age ≥ 65 years.
d.   Hematopoietic Comorbidity Transplant 

Index (HCTI) ≥ 3.
e.  Serum albumin < 35 g/L.
f.  Active or refractory neoplasia at the time of 

stem cell transplantation.
g.  Total dose of etoposide > 500 mg/m.2
h.  Total dose of cytarabine > 1 g/m.2

3. Performance status (Eastern Cooperative Oncology 
Group, ECOG) 0 to 3.

4. Adequate organ function defined as:

– Liver: bilirubin, alkaline phosphatase, or SGOT < 3 
times the upper limit of normal (unless attributable 
to tumor activity)

– Renal: creatinine ≤ 250  μmol/l (2.5  mg/dL) (unless 
attributable to leukemic infiltration)

5. Life expectancy greater than 3 months
6. Women of childbearing age must not be pregnant or 

breastfeeding and must have a negative pregnancy 
test at the time of screening. Women of childbear-
ing age and men with female partners of childbear-
ing age must agree to practice 2 highly effective con-
traceptive measures and must agree not to become 
pregnant or father a child while receiving any study 
therapy and for at least 3 months after completion of 
treatment.

Exclusion criteria
Patients who meet any of the following exclusion crite-

ria cannot be included in this study:

1. Hypersensitivity to fluoroquinolones or fosfomycin.
2. Treatment with broad-spectrum antimicrobial ther-

apy within 4 weeks of the first study treatment.
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3. Intensive chemotherapy or prior hematopoietic stem 
cell transplantation. Treatment with hydroxyurea or 
corticosteroids used to control white blood cell count 
is allowed.

4. Fever of infectious origin or documented infection 
within 4 weeks of the first study treatment.

5. Presence of any serious psychiatric illness or physical 
condition that, in the judgment of the physicians, con-
traindicates the patient’s inclusion in the clinical trial.

Who will take informed consent? {26a}
Principal investigators in each site will provide informed 
consent to patient candidates for participation. The latest 
version approved of the patient’s information sheet will 
be signed by all selected subjects before inclusion in the 
clinical trial.

In the case of selected subjects who cannot understand 
the study or do not have the ability to read or write, the 
informed consent must be provided by the legal repre-
sentative before any procedure of the study is carried out.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
This study complies with the current regulations of Law 
14/2007 on biomedical research regarding the protection 
of the rights of patients who freely wish to participate 
and the handling of biological samples.

No biological samples from patients will be stored after 
the end of the clinical trial.

Interventions
Explanation for the choice of comparators {6b}
Intervention description {11a}
The description of the interventions and comparators is 
detailed in Table 1.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Treatment will be interrupted when any of the following 
events occurs first:

1. Febrile neutropenia requiring antibacterial treatment 
(main end point of the study).

2. Absolute neutrophil count (ANC) > 0.5 ×  109/L.
3. If the subject fails to achieve more than 0.5 ×  109/L 

neutrophils, treatment will end when more than 
60 days have elapsed since the onset of neutropenia 
or on the first day of the next chemotherapy cycle 
(whichever occurs first).

4. Death

Strategies to improve adherence to interventions {11c}
Study patients will be hospitalized during the period in 
which they are receiving the study treatment. The inves-
tigator of each site will review and record the traceability 
of the medication administered.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
The concomitant medication recommendations listed in 
the technical data form for ciprofloxacin should be taken 
into consideration.

Special attention should be paid to drugs that prolong 
the QT interval (class IA and III anti-arrhythmics, tricy-
clic antidepressants, macrolides, and antipsychotics) as 
well as tizanidine, methotrexate, and theophylline.

The concomitant medication recommendations listed in 
the technical data form for fosfomycin will be taken into 
consideration.

Provisions for post‑trial care {30}
The health professionals participating in this clinical trial 
belong to the Spanish National Health System. These are 
non-commercial studies where the sponsor is a non-profit 
foundation, FINBA. The trial subjects do not receive any 
compensation.

Outcomes {12}
The primary endpoint is febrile neutropenia requiring anti-
bacterial treatment.

• Fever is defined as a single oral temperature of 
38.3  °C or a temperature of 38  °C sustained over a 
1-h period.

If the patient is receiving any medication highly likely 
to induce fever or has previously received a transfusion, 
at least one positive culture or infectious focus will be 
required for fever to be attributed to infection.

When febrile neutropenia occurs and infection is sus-
pected, prophylactic antibiotics will be discontinued and 
evaluation and therapy will be administered according to 
standard and local guidelines.

Table 1 Intervention description

Groups Interventions

Experimental group Patients in this arm will receive study medication 
fosfomycin 500 mg every 8 h orally or intrave‑
nously in case of intolerance to the oral route

Control group Ciprofloxacin 500 mg every 12 h orally or intra‑
venously in case of intolerance to the oral route 
(https:// clini caltr ials. gov/ study/ NCT01 371656? 
term= ACCL0 934& rank=1) 

https://clinicaltrials.gov/study/NCT01371656?term=ACCL0934&rank=1
https://clinicaltrials.gov/study/NCT01371656?term=ACCL0934&rank=1
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Secondary endpoints are as follows:

1. Documented infections. They will be classified 
according to Han’s criteria in one of these catego-
ries: microbiologically documented infection (bacte-
rial viral or fungal), mixed infection, clinically docu-
mented infection, and possible infection (fever of 
unknown origin).

2. The amount of concomitant antibiotics prescribed in 
addition to prophylactic drugs will be measured as 
a ratio of antibiotic days per days of hospitalization. 
Antibiotics will be classified according to the watch/
reserve classification (21).

3. Overall survival will be defined as the time from the 
day of randomization to the date of death (whatever 
the cause of death) or to the completion of the study. 
Fever-free survival will also be determined.

Safety will be assessed by the incidence, severity and 
type of adverse events (AEs), and by the microbiological 
assessments:

Microbiological assessments

a) Rate of patients colonized by GNMRB as determined 
by surveillance and metagenomic sequencing.

b) Changes in the gut microbiome produced in both 
groups.

Participant timeline {13}
The flow chart for the study and the schedule visits and 
assessments at different points in the study protocol are 
described in Table 2.

Sample size {14}
The reviewed clinical trials and meta-analyses have consist-
ently shown that 65% of patients receiving prophylactic the 
fluoroquinolones levofloxacin and ciprofloxacin will develop 
infectious fever (2,17,18) which is consistent with success 
rate of 35%. Considering that the actual rate of resistance to 
fluoroquinolones is established to be around 50%, we antici-
pate a success rate of 17% and 30% in the active control and 
active and experimental control arms, respectively.

If a non-inferiority margin of 5% is defined, one hundred 
and thirty-four patients (67 in each arm) will be needed to 
demonstrate non-inferiority of fosfomycin versus cipro-
floxacin with 80% potency and an alpha level of 0.05.

Considering that 15% of the enrolled patients will be 
ineligible or unable to be evaluated, the maximum number 
of study participants will be 156: 78 patients in each arm.

Recruitment {15}
There were strategies for achieving adequate participant 
enrolment to reach the target sample size.

Patients who are undergoing HSCT will be previ-
ously evaluated in the pre-transplant consultation while 
patients diagnosed with acute leukemia will be evaluated 
during the first days of hospitalization. Based on whether 
they meet the selection criteria of the FOVOCIP study 
protocol, they will be asked to participate in the study by 
signing the informed consent form.

Assignment of interventions: allocation
Sequence generation {16a}
The randomization will be carried out by the electronic 
clinical registry (eCRF) called MACRO. The manage-
ment of the electronic tool is carried out by the SCReN 
clinical research platform work-package.

After inclusion, the randomization list included in 
the eCRF will automatically assign the case to the con-
trol or experimental group in 1:1 ratio. Candidates are 
stratified according to their baseline disease: acute leu-
kemia or HSCT.

Concealment mechanism {16b}
Allocation concealment will be ensured as MACRO will 
not release the randomization code until the patient has 
been recruited into the trial.

Implementation {16c}
The patient assignment codes are made up of 4 dig-
its. On the one hand is the hospital number, University 
Hospital Central of Asturias (number 01), Hospital San 
Pedro Alcantara (number 2), University Hospital Morales 
Messeguer (number 03), University Hospital La Paz 
(number 04), University Hospital Fundación Jimenez 
Diaz (number 05), University Hospital Clínico San Carlos 
(number 06), University Clinic Hospital of Valencia (num-
ber 07), University Hospital La Fe (number 08), Univer-
sity Hospital of Málaga (number 09), University Hospital 
Lozano Blesa of Zaragoza (number 10), and University 
Hospital of Burgos (number 11), and on the other hand is 
the consecutive number of the new patient included.

These codes are assigned by the CRF of the study.

Assignment of interventions: blinding
Who will be blinded {17a}
The study is open-label. The investigators and the patient 
are aware of the treatment administered. The project 
manager only knows the randomization list, so the inves-
tigator does not know the treatment that will be assigned 
to the patient until the candidate is randomized. The 
assessors and data analysts will be blinded.
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Procedure for unblinding if needed {17b}
The design is open label with only outcome assessors 
being blinded, so unblinding will not occur.

Data collection and management
Plans for assessment and collection of outcomes {18a}
To evaluate the primary and secondary variables of the 
study, vital signs (blood pressure, heart rate, tempera-
ture) will be checked during the physical examination at 
successive visits. Laboratory tests including blood count, 
biochemistry and coagulation, electrocardiogram (ECG), 
microbiological studies, and review of treatment will be 
performed.

Plans to promote participant retention and complete 
follow‑up {18b}
An end-of-treatment visit is made to coincide with the 
last dose of study medication (fosfomycin or ciprofloxa-
cin). And a follow-up visit is scheduled 15 days after the 
last dose of treatment to perform physical examinations 
and record adverse effects, ECOG, concomitant treat-
ment, electrocardiogram (ECG), laboratory investiga-
tions, and microbiological studies.

If the patient is unable to attend the follow-up visit, this 
can be done by telephone.

Data management {19}
The MACRO® software is a data collection and study 
management application that uses a secure web browser. 
It provides access to clinical study data and management 
of the clinical study process.

The objective is that, at the end of the study, all the 
available forms are as follows:

✓ Completed by the investigator
✓ With no queries pending to be solved by the Inves-
tigators
✓ With no queries pending to be closed by the 
CRAs/PMs
✓ Verified by the CRAs
✓ Locked by the PMs

Confidentiality {27}
Personal data will be processed in accordance with Regu-
lation (EU) 2016/679 of the European Parliament and of 
the Council of 27 April 2016 on the protection of individ-
uals regarding the processing of personal data and on the 
free movement of such data and the relevant local laws.

The data collected for the study will be identified by 
an alphanumeric code in such a way that it will not be 

Table 2 Schedule of visits and assessments at different points of the study protocol

a When less than 72 h have elapsed between the screening visit and day 1, it will not be necessary to repeat the electrocardiogram or laboratory studies, including 
microbiological studies
b In case the patient is unable to collect stool before receiving the first dose of empirical antibacterials, a rectal exudate will be taken with a swab

Procedures Screening visit Daya 1 Day 8 ± 1 Day 15 ± 2 Day 22 ± 2 Day 29 ± 2 End of 
treatment

Informed consent form X

Inclusion/exclusion criteria X

Randomization X

Demographic data X

Medical history X

Size X

Weight X X X X X X X

Physical examination: vital signs X X X X X X X

ECOG X X

Electrocardiogram X X X X X X X

Study treatment x x x x x

Hemogram X X X X X X X

Biochemistry X X X X X X X

Coagulation X X X X X X X

Pregnancy test X

Concomitant medication/antimicrobials X X X X X X X

Adverse effects X X X X X X

Microbiological culture X X X X X X X

Stool sample for microbiome analysis X Xb
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possible to identify the patient. Only the investigator and 
authorized persons involved in the study will have access 
to this code and use this information exclusively for the 
purposes of the study. All the generated data will be 
recorded in the eCRF in an anonymized form.

Members of the Clinical Research Ethics Committee 
or Health Authorities may have access to this informa-
tion in compliance with legal requirements. The confi-
dentiality of this data will be preserved, and it will not be 
linked to personal data, even if the results of the study are 
published.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
All study subjects will be screened for MDRGN gut colo-
nization by microbiological culture at the first visit and 
weekly thereafter during the neutropenic period, until 
study completion. In each participating center, rectal 
exudates will be collected in ESwab™ (Copan Diagnostics 
Inc., Murrieta, CA) that will be sent to the microbiology 
laboratories for culture in selective media for MDRGN, 
according to the recommendations of the Spanish Soci-
ety for Infectious Diseases and Clinical Microbiol-
ogy (SEIMC) (22,23), specifically in CHROMagar™ 
Acinetobacter (Biomerieux, Marcy l’Etoile, France), 
CHROMagar™ P. aeruginosa (Biomerieux), CHROMagar 
™ ESBL (Biomerieux), and CHROMagar™ CARBA 
SMART (Biomerieux) and in Columbia Agar plate 
(Biomerieux) as a growth and sample quality control. The 
isolates recovered in the selective media will be identified 
by MALDI-TOF/MS (Bruker Daltonics, Bremen, Ger-
many), and the antimicrobial susceptibility testing will be 
performed using the Microscan system (Beckman Coul-
ter, Brea, CA) and interpreted according to the Euro-
pean Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines. Bacterial samples and isolates will 
be stored at – 80 °C.

The clinical trial includes a substudy in a popula-
tion of 30 subjects, representative of the two treatment 
arms, both colonized and non-colonized according to 
the conventional microbiological techniques results. 
Two samples from each of these subjects will be recov-
ered between those processed for culture (stored at 
– 80 °C) at the baseline visit and at the end of the study. 
In these samples, the evolution of the resistome will be 
investigated using “shotgun” metagenomic sequencing 
techniques. These results will be compared with those 
obtained by culture.

The patient’s microbiome evolution will be studied by 
metataxonomic sequencing. For this purpose, a fecal 
sample will be collected from each study subject at the 
baseline visit and at the end of the study.

Figure 1 shows schematically the clinical and microbio-
logical study planning.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
This phase 3 trial will compare the efficacy of fosfomycin 
with that of ciprofloxacin in preventing the occurrence 
of at least one episode of neutropenic fever of infectious 
origin in a randomized non-inferiority design.

The primary endpoint is febrile neutropenia of infec-
tious origin. This analysis will be performed in the inten-
tion-to-treat (ITT) and in the per-protocol population 
(PP). The ITT population is defined as all patients who 
are eligible and randomized. The PP population consists 
of all patients who do not have major protocol deviations, 
as determined by the study PI, and have received prophy-
lactic drugs for at least of 24 h.

The rate of febrile neutropenia will be compared 
between the 2 arms with a chi-square test with 2-sided 
alpha of 0.05. The difference in the proportion and the 
associated 95% CIs will be provided. If, within either 
patient arm, the data suggest a possible difference in 
baseline incidence between the randomization strata, we 
will consider Cochran-Mantel–Haenszel test to examine 
the association between the incidence of febrile neutro-
penia and the study treatment with adjustment for the 
randomization strata. Logistic regression models will be 
performed to evaluate the treatment effect on the inci-
dence of febrile neutropenia adjusting for stratification 
and other baseline patient characteristics.

The analysis of the secondary endpoints will be per-
formed as follows:

1. Rate and type of documented infections with 2-sided 
alpha of 0.05. Again, logistic regression models will 
be performed to evaluate the treatment effect on the 
incidence of each event adjusting for stratification 
and other baseline patient’s characteristics.

2. Amount of concomitant antibiotic utilization. The 
analysis will be performed with a 2-sample t-test or 
the Mann–Whitney U test if the distribution is non-
normal.

3. Survival will be analyzed using the Kaplan–Meier 
estimate. The K-M survival curves and medians (if 
estimable) along with their 2-sided 95% CIs will be 
provided for each treatment arm. The log-rank test 
will be used to compare treatment arms. Differences 
in survival without fever will also be assessed with a 
log-rank test at the 5% significance level.

4. Adverse events. This end point is included in the 
safety analysis and will be performed in the SP. AE 
will be categorized as severe and non-severe, as this 
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classification determines the notification procedure. 
Intensity of AE will be evaluated according to the 
National Common Terminology Criteria for Adverse 
Events (NCI CTCAE), version 5.034.

The microbiological safety assessments will be analyzed 
as specified in item 33.

Interim analyses {21b}
An interim analysis will be performed by a data and safety 
monitoring board (DSMB) for the primary outcome 
measure after the inclusion of 50 patients. O’Brien- Flem-
ing stopping criteria will be used for the primary outcome 
(24). If the p value is lower than 0.0107 for inferiority of 
fosfomycin to ciprofloxacin at the 5% margin, the DMSC 
may recommend early termination of the trial. Accrual 
will not be suspended for these monitoring and analysis.

Methods for additional analyses (e.g., subgroup analyses) 
{20b}
There is no planned sub-group analysis.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
To prevent attrition bias, two types of analysis will be per-
formed: an intention-to-treat analysis, in which all rand-
omized patients will be analyzed according to the group to 
which they were randomized, regardless they received the 
assigned treatment or not, and, in addition, a per-protocol 
analysis will be performed in all randomized patients who 
finally received the assigned treatment for at least of 24 h 
(2 doses of ciprofloxacin and 3 doses of fosfomycin).

The imputation of missing variables will consider the 
distribution of the variables, the allocation group, the 
center, and the baseline condition (acute leukemia or 
stem cell transplant).

Fig. 1 Clinical and microbiological study planning
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The method of fully conditional specification (FCS) 
using the MI procedure of SAS, version 9.4 (SAS Inc, 
Cary, NC, USA), will be used [15]. In this method, FCS 
imputations are generated sequentially by specifying an 
imputation model for each variable given the other vari-
ables. Ten imputations will be used in the imputation 
model and sensitivity analysis will be performed.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Dissemination of results directed to patients will be chan-
neled through the Spanish Agency for Medicines and Health 
Products, and their content will be adapted to patients.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The steering committee (SC) will be the ultimate deci-
sion-making body of the FOVOCIP consortium and 
will be composed of the project coordinators (Teresa 
Bernal and Javier Fernandez) plus one representative 
of each participating institution. SC will meet at least 
once a year. Coordinators will chair SC meetings. Deci-
sion-making will be made based on consensus.

The executive board (EB) will be responsible for the 
overall strategic and technical management and will 
report directly to the SC. The EB will be comprised of 
the project coordinators plus 2 additional PIs of differ-
ent centers participating in the study (elected by vot-
ing in the first SC meeting) plus the project monitor 
(PM) and the project assistant (PA). EB will execute 
the decisions of the SC as well as monitor the effective 
and efficient implementation of the project. Minutes of 
the EB meetings, once accepted, will be sent to the SC 
members in order to keep them informed. The coordi-
nators will chair the EB meetings. The EB will meet at 
least quarterly and upon justified written request of any 
member of the EB.

The management team will support the PI and coPI coor-
dinators in the day-to-day operational management and 
fulfilling the project’s administration tasks. The manage-
ment team will comprise the PM of the IDIVAL and a full-
time project assistant (PA) employed by the research team.

Finally, PIs in each center are responsible for including 
identifying potential recruits and taking consent.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
A meeting will be held by non-study personnel to eval-
uate the results of 80 patients. The interim analysis 
committee will be composed of a hematologist, a micro-
biologist and a clinical pharmacologist.

Adverse event reporting and harms {22}
The investigators will be responsible for collecting 
all the adverse events in the clinical history based 
on those referred by the patient spontaneously or by 
interview during the follow-up visits. The causality of 
the adverse event related to the intervention will be 
evaluated and recorded in the clinical history and in 
the eCRF.

The investigators will report to the sponsor all serious 
adverse events occurring to subjects treated in the clini-
cal trial, without undue delay, but not later than within 
24 h of obtaining knowledge of the events.

The sponsor will report to the Spanish Agency for Medi-
cines and Health Products all relevant information about 
suspected unexpected serious adverse reactions to investi-
gational medicinal products occurring in this clinical trial.

Frequency and plans for auditing trial conduct {23}
The CRA is a person independent of the research team 
who is not involved in patient recruitment and follow-up.

The local CRA makes a start-up and closing visit to 
each site. A first visit will take place in each center 30 days 
after the inclusion of the first patient. Subsequently, 4 to 
6 visits will be performed per site, with a frequency of 1 
visit every 4 months.

During the monitoring visits, 100% of the informed 
consents form, selection criteria, events and adverse 
reactions, and main and secondary variables (neutrophil 
counts, fever, study treatment, stored samples) will be 
reviewed. The remaining the variables will be reviewed 
every 5 patients.

Plans for communicating important protocol amendments 
to relevant parties (e.g., trial participants, ethical 
committees) {25}
All notifications defined as relevant or non-relevant 
amendments will be made to the Spanish Agency for 
Medicines and Health Products and to the Ethics Com-
mittee of reference in accordance with Spanish legislation 
on clinical trials RD 1090/2015 of December 4. These 
decrees regulate clinical trials with medicinal products: 
the Ethics Committees for Research with medicines and 
the Spanish Registry of Clinical Trials.

Dissemination plans {31a}
The results of the present project will be communicated 
to the scientific community through scientific publica-
tions. All publications will be open access. It is foreseen 
that the project will result in at least 2 peer reviews. All 
generated data will be accessible and stored in open 
access data repositories. A list of priority conferences to 
be targeted will be developed, aiming to achieve local, 
national, and international impact.
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Discussion
The debate on the efficacy of FQ prophylaxis in the era of 
multidrug resistance is ongoing. Our study will contrib-
ute to this debate by comparing the efficacy and safety of 
ciprofloxacin with fosfomycin in a homogeneous popula-
tion of patients treated at several centers with different 
prevalence in MRGNB.

The supporters of FQ prophylaxis (either ciprofloxacin 
or levofloxacin) have reported an increase in the incidence 
of Gram-negative bacterial infections [16] and even mor-
tality [17], when the fluoroquinolone prophylaxis program 
was stopped. To avoid this unethical risk of mortality, the 
study was design using ciprofloxacin as an active control 
instead of placebo. The selection of fosfomycin was based 
not only on its favorable pharmacological profile but also 
on retrospective data suggesting that it might be an effec-
tive prophylactic drug in hematological patients [18].

The opponents of FQ prophylaxis argue that these 
drugs are associated with gut colonization by MRGNB. 
In hematological patients, gut colonization is associated 
with blood stream infections when neutropenia occurs 
[5]. Our study also addresses this important question. 
First, the planned weekly surveillance cultures will pro-
vide information about the days of exposure to cipro-
floxacin that are needed until gut colonization occurs and 
the way in which the patient’s characteristics, the chemo-
therapy administered, and the exposure to ciprofloxacin 
interact with each other and modulate the colonization. 
Second, we will analyze if there is any difference in the 
risk of colonization in both treatment arms. Finally, we 
will address the microbiological safety of ciprofloxacin 
and fosfomycin through a sequencing approach. On one 
side, we plan to perform metagenomic sequencing and 
resistome analysis to detect subclinical gut colonization. 
It has been documented a low sensitivity of culture-based 
methods aimed to surveillance of MRGNB carriers [19]. 
This could be more frequent at the beginning of coloniza-
tion, when the proportion of multi-resistant bacteria in 
the microbiota is still a minority. Under-detected colo-
nization could have epidemiological implications, since 
these patients would not be subjected to contact precau-
tions despite being potentially sources of transmission of 
MRGNB, and clinical repercussions, since the colonized 
patients could suffer bacteremia or other infections by 
these strains. On the other side, metataxonomic sequenc-
ing will help to evaluate prospectively the changes in 
patients’ microbiome when they receive FQ prophylaxis, 
changes that we expect to be more pronounced than 
those occurring under fosfomycin prophylaxis.

Our study will have some limitations: first it will be 
open, which might favor the early termination of prophy-
laxis in the fosfomycin arm. However, a strict definition of 
febrile neutropenia of infectious origin has been specified 

in the protocol, which excludes transfusional associated 
fever or fever related to cytarabine (a common chemo-
therapy drug used in acute myeloid leukemia) or other 
drugs. Second, this is not a superiority trial, but a non-
inferiority one, because it would have been unethical to 
conduct a trial comparing fosfomycin with placebo. Not-
withstanding the limitations of this type of design [20], if 
fosfomycin proves to be equally effective and safer than 
ciprofloxacin, it will open the possibility of having more 
than one family of prophylactic drugs, making it possible 
to reduce the resistance associated with continued expo-
sure to the same antibiotic and to select one treatment or 
another based on bacterial ecology and local resistance.

In summary, the present project addresses an extremely 
important health problem by evaluating the efficacy of 
fosfomycin, a broad-spectrum antibiotic with a better 
safety profile and a lower potential of resistance induc-
tion than ciprofloxacin, in the prevention of infections 
in hematological patients with high-risk neutropenia. 
The battery of microbiological studies that will be car-
ried out will allow us to evaluate prospectively, for the 
first time, the microbiological safety of both pharmaco-
logical strategies and the selection of MRGNB in each 
arm and will generate valuable information on the way in 
which changes that occur in the fecal microbiome of the 
patients throughout the treatment modify the evolution 
of the studied diseases.

Trial status
Current version of the protocol is 3.0 of 11 of May 2021.

Trial is currently recruiting. The first patient was 
included in March 2021. At the time of submission, 106 
patients have been recruited. The recruitment is expected 
to be completed by March 2024.
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