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Background: Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in the CF transmem-
brane conductance (CFTR) gene, resulting in the secretion of hyperviscous mucus. Infective exacerbations are
a major determinant of morbidity and mortality in CF patients. These infections are clinically challenging, and
antimicrobial treatment should effectively target the organisms and be delivered early to improve survival.
Ceftobiprole is a fifth-generation cephalosporin antibiotic that is not indicated for the treatment of CF.
However, due to its activity against common causes of infective exacerbations in CF such as Staphylococcus aur-
eus, including MRSA, and Pseudomonas aeruginosa where resistance has not developed, it has utility for man-
aging infective exacerbations.

Objectives: To describe the use of ceftobiprole in the treatment of infective exacerbations in CF.

Patients and methods: Ten patients with CF (age 24-63; six male and four female) were treated with ceftobi-
prole for infective exacerbations following discussion within the multi-disciplinary team. In most patients, cef-
tobiprole was given concomitantly with other antibiotics.

Results: All patients had positive sputum cultures for S. aureus (including nine MRSA), and seven patients had
concomitant P. aeruginosa infection. Ceftobiprole treatment was associated with improved lung function, and
markers of systemic inflammation decreased for most patients, with some variation. There was good tolerability
in all but four patients.

Conclusions: Ceftobiprole presents a therapeutic option for susceptible infections in CF patients with limited
treatment options. Its broad-spectrum coverage may help to reduce polypharmacy. However, further clinical

studies are needed.

Introduction

Cystic fibrosis (CF) is a multi-systemic autosomal recessive dis-
ease caused by defective CF transmembrane conductance regu-
lator (CFTR) protein expression due to CFTR gene mutation.™?
Pulmonary infective exacerbations are clinically important in pa-
tients with CF. They are polymicrobial, complex, challenging to
treat,>* and commonly caused by Pseudomonas aeruginosa
(PsA), Staphylococcus aureus, Haemophilus influenzae and
Burkholderia cepacian.” However, the epidemiology of infective
exacerbations is changing, with increased incidence of MRSA,
drug-resistant PsA and other Gram-negative non-fermenters

such as Stenotrophomonas maltophilia.® Persistence of MRSA in
the respiratory tract is associated with higher morbidity and
mortality.”

The goal of antibiotic use for infective exacerbations is to con-
trol lung infections® and relieve symptoms to improve quality of
life. Therapy should be optimized based on the severity and fre-
quency of exacerbations, recent courses of anti-infectives, previ-
ously isolated pathogens and in vitro susceptibilities.® Inhaled
azithromycin, tobramycin, aztreonam and levofloxacin are the
main options, but other treatments may be used depending on
exacerbation severity, local treatment guidelines® and individual
sensitivities."
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MDR strains of PsA and drug hypersensitivity reactions have
limited the effectiveness and number of antibiotics available
to treat pulmonary exacerbations.’ Furthermore, multiple-
pathogen infections can require multiple antibiotics, adding to
the polypharmacy burden in a highly medicated population and
potentially increasing resistance. Suitable agents are needed to
maximize the chance of bacterial eradication and reduce anti-
biotic pressure, alongside measures that reduce selection pres-
sure such as antibiotic cycling.'®

Ceftobiprole

Ceftobiprole (Zevtera®/Mabelio®) is a fifth-generation cephalo-
sporin antibiotic with clinical efficacy against numerous
Gram-positive and Gram-negative bacteria, including S. aureus
(including MRSA), Streptococcus pneumoniae (including MDR
St. pneumoniae), Escherichia coli and Klebsiella pneumoniae.**
[t exerts bactericidal activity by binding penicillin-binding proteins
in susceptible species.'’ In Gram-positive bacteria, including
MRSA, ceftobiprole binds PBP2a, while in penicillin-intermediate
and penicillin-resistant St. pneumoniae,*! it binds PBP2b and
PBP2x, respectively.

Ceftobiprole is approved for the treatment of hospital-
acquired pneumonia (HAP) (excluding ventilator-associated
pneumonia) and community-acquired pneumonia (CAP) in
paediatric and adult patients.*! It is administered as an intraven-
ous (IV) infusion, three times daily.*!

Although not indicated for CF treatment, ceftobiprole is effect-
ive against a broad spectrum of organisms, which impact mor-
bidity and mortality in CF exacerbations.>”*! Of particular
relevance to our patient cohort is its activity against both
S. aureus and PsA, where resistance has not developed. We there-
fore used ceftobiprole in a small cohort of patients with
CF-related infective exacerbations in our hospital.

Patients and methods

This case series involved 10 patients with CF (age 24-63 years; six male
and four female) treated for infective exacerbations with ceftobiprole
(500 mg IV three times daily) at the Royal Brompton and Harefield
Hospitals. Ceftobiprole was chosen as a therapeutic option for MRSA, es-
pecially where there were multiple organisms present, to reduce poly-
pharmacy. The antibiotic treatment regimens for each patient are
summarized in Table 1.

This study assessed clinical response to ceftobiprole using a compos-
ite of outcome measures commonly employed in CF research: improve-
ment in forced expiratory volume in 1s (FEV,)/FEV,% predicted,
reduction in inflammatory markers (C-reactive protein [CRP] and WBC
count), resolution of symptoms and ability to wean off IV antibiotics.
For the purposes of this study, we determine treatment success as meet-
ing any of the above outcome measures and the ability to discharge the
patient, either on their usual antibiotic prophylactic regimen or requiring
no treatment at all.

CRP (Figure 1), WBC (Figure 2) and FEV,% predicted (Figure 3) mea-
surements were taken before and after ceftobiprole was administered
in most patients. Data from the first admission across all patients were
assessed for normality using a Shapiro-Wilk test and analysed by two-
tailed, paired t-test if appropriate.

As this was a service evaluation, ethical approval was not required,
and the study was registered with the hospital’s audit department.

Results

All 10 patients had sputum cultures positive for S. aureus (nine MRSA)
and 7 had concomitant PsA infection. Overall, ceftobiprole adminis-
tration was associated with a significant increase in patients’ FEV;,%
predicted of 9.05 + 4.82 (+SD; 95% CI 4.60-13.51) (Figure 3, increase
P=0.0085). A decrease in WBC (Figure 2, P=0.0047) was also ob-
served, but no significant effect on CRP was found (Figure 1).
Antibiotic resistance to ceftobiprole was not seen in this cohort.
Good tolerability was observed in all but four patients. No patients
had renal impairment requiring dose adjustments. Drug-drug inter-
actions were not a feature of ceftobiprole in this study. Radiological
data are not reported in this cohort due to limited availability.
Though radiographs did not influence treatment decisions, they
were used to provide evidence for diagnosis and disease resolution.
Nine of the 10 patients were alive at the time of writing.

Patient 1
October 2016

An 18-year-old man with chronic MRSA infection and intermittent
PsA infection was admitted with fever, worsening chest infection
and a blocked portacath, resulting in several missed doses of IV
at-home antibiotics (IV meropenem and colistimethate). This treat-
ment was continued, with IV co-trimoxazole added to cover
Ste. maltophilia. However, due to a lack of patient improvement,
treatment was further altered to include IV ceftobiprole.
Subsequently, CRP increased, WBC decreased and FEV,% predicted
improved from 30% to 35%, and the patient was later discharged.

May 2017

The patient was readmitted with an exacerbation, accompanied by
right-sided chest pain, increased sputum production and dyspnoeaq,
despite a prophylactic regimen. The FEV,% predicted was 41%.
Following admission, his treatment regimen was altered. However,
the patient’s temperature continued to spike, resulting in further al-
teration and the later addition of 1V ceftobiprole. The patient’s CRP
and WBC decreased, and the patient was later discharged.

August 2017

The patient presented with sudden-onset severe pleuritic chest
pain, exacerbated by coughing and deep inspiration, with an
FEV,% predicted of 27% on admission. Sputum production was
unchanged, with no haemoptysis or fever. There was no change
from his most recent chest X-ray report (July 2017), which showed
severe bilateral bronchiectasis. Ceftobiprole was added to the
treatment regimen. CRP and WBC fluctuated but decreased over-
all. Chest pain improved with analgesia (paracetamol and co-
deine). MRSA and carbapenem-resistant Enterobacteriaceae
were isolated from patient swabs, and 5 days of MRSA eradication
therapy was administered as per infection control protocols. He
was later discharged with a predicted FEV,% of 25%.

Patient 2

April 2017

A 38-year-old man with MRSA colonization/carriage history was
admitted with a positive sputum culture for PsA on a background
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dose of ciprofloxacin was given and then IV

ceftobiprole re-commenced
« Patient had severe reaction to second dose of new

« Symptoms worsened after course was completed. A

ceftobiprole course Ceftobiprole stopped and patient

treated with 1V fluids, chlorphenamine and

hydrocortisone
« Treatment switched to oral linezolid and meropenem

with IV tobramycin
« Received course of 1V ceftobiprole and colistimethate Day 0

« Discharged on Day 10 with oral ciprofloxacin

10 days

MRSA June 2021

Female

PsA

57 years
Alive

of a viral and super-added bacterial infection. His initial treat-
ment was altered with no improvement, and IV ceftobiprole
and nebulized aztreonam were later added. The dosage of his
maintenance corticosteroid (prednisolone) was transiently in-
creased, and tranexamic acid was started for recurrent small
haemoptysis. The patient gradually improved but felt increasing-
ly tired and breathless, and treatment was subsequently chan-
ged with good response. The FEV,% predicted increased from
30% on admission to 39% at discharge.

Patient 3
April 2018

A 24-year-old man was admitted with nausea, abdominal pain
and increasing dyspnoea. His prophylactic antibiotics were alter-
nating nebulized colistimethate and tobramycin. This patient had
a history of positive MRSA sputum culture, PsA infection (although
he has been culture negative since November 2015) and allergies
to both meropenem and flucloxacillin. On admission, he was
commenced on an antibiotic treatment with a sputum culture
growing S. aureus. However, he showed no improvement, result-
ing in treatment alteration to IV ceftobiprole and tobramycin. His
CRP and WBC were not raised, but FEV,;% predicted improved
from 32% at baseline to 50% upon discharge. At follow-up, the
patient had intermittent S. aureus infection.

Patient 4
August 2017

A 34-year-old man was admitted with a productive cough, tired-
ness, fever and left-sided chest discomfort. He was ceftazidime
intolerant, with a history of recurrent pneumothoraces, chronic
PsA and MRSA infection, Mycobacterium avium complex (al-
though recent cultures were negative) and required ambulatory
oxygen. The patient started IV teicoplanin, tobramycin and cefto-
biprole alongside the continuation of nebulized aztreonam.
Initially, CRP and WBC reduced, but after 1 week, CRP started to
increase, his chest still felt tight and his oxygen requirement re-
mained high. His regimen was altered, including the stopping of
ceftobiprole and addition of other agents, with good effect. The
FEV,% predicted increased from 21% at baseline to 32% on
Day 15, and the patient was later discharged.

Patient 5
October 2018

A 21-year-old woman was admitted with a background of chron-
ic MRSA and PsA infection. She had a 1 month history of increased
cough, chest tightness, sputum production and weight loss. Her
FEV,% predicted at this time was 45%. IV tobramycin and cefto-
biprole were commenced with positive resolution of her raised
CRP and WBC. The FEV,% predicted was 48% at discharge.

February 2019

She was readmitted with a 5 day history of fever, sweating, in-
creased cough, sputum production and two episodes of haemop-
tysis (baseline FEV,% predicted was 48%). She was immediately
started on 1V ceftobiprole and tobramycin, leading to a decrease
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1 I
Before After

- Patient 1
—e— Patient 2-4 and 7-10
--a-- Patient 5
¥ Patient 6

Before After

Figure 1. CRP serum concentration before and after dosing with ceftobiprole for all patients combined at first admission (a) and across all admissions
(b). Before measurements were taken up to 3 days before the start of ceftobiprole administration, and After measurements between 2 and 4 days
after. Note: In most patients, ceftobiprole was given concomitantly with other antibiotics (see Table 1).

* %k (b)
254  p— 257
20 20
o \ .
m ; m
g 10_ ;
5_.
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0 T T 0
Before After

-o-- Patient 1
—e— Patient 2-4 and 7-10
--a-- Patient 5
—— Patient 6

1
Before After

Figure 2. White blood cell count (WBC) before and after dosing with ceftobiprole for all patients combined at first admission (a) and across all admis-
sions (b). Before measurements were taken up to 3 days before the start of ceftobiprole administration, and After measurements between 2 and 4
days after. Data in (a) were analysed by two-tailed, paired t-test, **P<0.01. Note: In most patients, ceftobiprole was given concomitantly with other

antibiotics (see Table 1).

in CRP and WBC, although her FEV,% predicted did not change
substantially, and she was later discharged.

May 2019

The patient was readmitted after a small haemoptysis with in-
creasing sputum production and 92% oxygen saturation. Chest
X-ray showed increased peribronchial thickening compared
with February 2019. IV tobramycin and ceftobiprole were com-
menced and well tolerated, with rapid symptom improvement
and decreased CRP and WBC. During the latter stages of treat-
ment, she complained of increasing nausea without vomiting,
which resolved with IV ondansetron. The FEV,% predicted was
48% at admission and 52% at discharge.

July 2019

With decreased FEV1% predicted (recorded as 37%), increasing
sputum, chest pain and fevers, the patient was readmitted.
Treatment with IV ceftobiprole and tobramycin resulted in good

resolution of infective markers and improvement in symptoms.
At discharge, 9 days after admission, the FEV,% predicted had
improved to 48%.

September 2019

The patient was readmitted with borderline hypoxia, wheezing,
breathlessness, night fevers, intermittent haemoptysis and
weight loss. Showing no improvement despite home treatment,
she started 1V ceftobiprole and tobramycin with good response
and a decrease in CRP and WBC. She was later discharged.

Patient 6
October 2017

A 36-year-old woman with a history of multiple antibiotic aller-
gies was admitted with chronic infection with MRSA and PsA
(baseline FEV1% predicted was 35%). Upon admission, she was
commenced on a 5 day course of IV ceftobiprole and tobramycin.
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Figure 3. Forced expiratory volume in 1 s (FEV;) % predicted before and after dosing with ceftobiprole for all patients combined at first admission (a)
and across all admissions (b). Measurements were taken ~2 weeks before and after the start of ceftobiprole administration, with some variation. Data
in (a) were analysed by two-tailed, paired t-test, **P<0.01. Mean difference between groups: 9.05 +4.82 (+SD), 95% CI 4.60-13.51. Note: In most pa-
tients, ceftobiprole was given concomitantly with other antibiotics (see Table 1).

Overnight, she developed swollen wrists and small joints, which
settled spontaneously. She was concurrently on lumacaftor/iva-
caftor, which was discontinued after 5 days due to dyspnoea
requiring nebulized salbutamol, persistent chest tightness, de-
crease in saturations and a 10% decline in pulmonary function.
The patient was subsequently discharged.

March 2018

She was readmitted with a cough, lethargy, hot sweats and in-
creased sputum production although she had completed a
home antibiotic regimen (a 2 week course of IV ceftazidime,
tobramycin and oral linezolid). A chest X-ray showed new opaci-
ties, likely representing active inflammatory changes. She was
started on a 14 day course of IV ceftobiprole, with added IV
tobramycin the following day. There was good response; her
CRP and WBC decreased and the FEV;% predicted improved
from 25% to 47% and she was later discharged.

October 2018

The patient was readmitted, with FEV,% predicted declining to
35%. Her chronic MRSA infection persisted, and PsA was re-
isolated. She was commenced on IV ceftobiprole/tobramycin
and was later discharged.

June 2019

The patient was readmitted with an infective exacerbation and
was switched to IV ceftobiprole/tobramycin. This was well toler-
ated, and the FEV,% predicted increased from 33% at admission
to 41% at discharge.

December 2019

The patient was readmitted with coughing fits, increased sputum
production and tiredness. Sputum from 11 days prior grew MRSA.
She was discharged the same day with IV ceftobiprole and tobra-
mycin. The FEV,% predicted increased from 36% at admission to
44% by the end of treatment.

March 2020

The patient was readmitted for an infective exacerbation. Due to
social distancing measures in place during the COVID-19 pan-
demic, she was discharged the same day with IV ceftobiprole
and tobramycin for home administration. Over the next 2 days,
she experienced facial redness and itchiness, which resolved
and was deemed unrelated to the antibiotic.

June 2020

Due to worsening lung function and chest tightness, the patient
began 1V tobramycin and ceftobiprole at home. Within hours of
the first dose, she developed facial redness, a chest and back
rash, throat itchiness and painful swallowing, though her breath-
ing remained unaffected. Her regimen was altered to co-
trimoxazole. She further developed a first episode of haemoptysis,
so she started tranexamic acid and attended the outpatient clinic.

March 2022

The patient presented with deteriorating lung function, fever and
headaches indicating infection, with FEV;% predicted declining
from 53% to 44%. She began a course of co-trimoxazole at
home, but due to a lack of improvement, she was readmitted
to hospital and started on IV ceftobiprole and tobramycin.
Despite prior reported reactions, allergy testing ruled out a true
ceftobiprole allergy. However, after re-challenge with ceftobi-
prole, the patient developed a rash and sore throat overnight,
and her oxygen saturation dropped to 95%. Symptoms com-
menced 30-90 min after the infusion began and ceased within
1 h of infusion completion. Her treatment was switched to 1V
tobramycin and teicoplanin, and she was discharged on Day 4
to complete the treatment course at home.

Patient 7

February 2019

A 31-year-old man, with chronic MRSA infection, was admitted
due to an infective exacerbation with a productive cough and

7 of 9



Nwankwo et al.

chest tightness. Ceftobiprole along with doxycycline was given for
MRSA coverage but was discontinued after he developed depig-
mented lesions on his chest, arms and hands, consistent with
previous severe drug reactions. Following treatment adjustment
and clinical improvement, he was discharged.

Patient 8

September 2020

A 44-year-old man was admitted with dyspnoea, chest tightness,
fatigue and congestion. He had chronic PsA and MRSA infection,
CF-related diabetes, gastro-oesophageal reflux disease (GORD),
CF-related liver disease with cirrhosis and dilated cardiomyop-
athy. His initial community treatment was ineffective, and upon
admission, he was started on IV ceftobiprole for 7 days. Chronic
pancytopenia observed at admission was thought to be worsened
by ceftobiprole, and when ceftobiprole was stopped, an improve-
mentin blood counts was seen. The patient was subsequently dis-
charged with a suppressive therapy regimen.

Patient 9

January 2021

A 61-year-old woman was admitted with a history of MRSA and
S. aureus resistant to erythromycin and penicillin isolated from
a sputum culture 10 months prior. Her previous treatment was
ineffective and was adjusted upon admission. Based on a new
MRSA sputum culture, she was later started on 14 days of 1V
ceftobiprole.

The treatment was well tolerated, but she developed respiratory
symptoms 1 day after completing the course and received a dose of
ciprofloxacin. She then developed temperatures and consequently
re-commenced IV ceftobiprole, but after the second dose, she be-
came sweaty, tachypnoeic and tachycardic, with decreased oxygen
saturation. She also developed an erythematous petechial and
blanching rash. Ceftobiprole infusion was stopped, the reaction
was managed and antibiotic treatment was subsequently
switched. Following improvement, the patient was discharged.

Patient 10
June 2021

The patient was admitted with symptoms of fatigue, increased
cough, progressive dyspnoea on exertion and headache, with pleur-
itic pain in the right shoulder, with wheeze and tight chest. Her most
recent sputum sample (March 2021) tested positive for MRSA, with
chronically isolated PsA. Her treatment included 10 days of IV cefto-
biprole, and upon discharge, she was clinically stable, with an im-
provement in FEV1% predicted from 62% to 70%.

Discussion

To the best of our knowledge, this is the first case series describing
ceftobiprole use to manage infective exacerbations due to PsA
and MRSA in CF patients. Ceftobiprole is licensed to treat pneumo-
nia'* and achieves good concentrations in the lungs.*?

Good tolerability was observed in over half of our patients
(6/10), though the proportion who experienced possible

treatment-related adverse events was relatively high (4/10). In
a Phase IIT randomized clinical trial performed in patients with
HAP, 24.9%*® experienced treatment-related adverse events
with ceftobiprole, while another study in patients with CAP re-
ported an incidence of 36.3%.* Given our small patient cohort,
combined with the complex medical history typical of CF patients,
the observed adverse events rate may reflect underlying patient
factors rather than a ceftobiprole-specific safety concern.
Ceftobiprole could be a viable treatment option in these patients,
but further studies may be warranted to characterize its safety
profile in this population better.

Ceftobiprole treatment was associated with an improvement
in lung function in this study, as shown by an increase in FEV;%
predicted. Although treatment was associated with a decrease
in WBC, there was no consistent effect of ceftobiprole treatment
on CRP. Monitoring treatment response in CF patients can be chal-
lenging. However, elevated CRP levels 5 days after antibiotic
treatment do not necessarily indicate treatment failure.'®
While CRP and other systemic inflammatory markers may be
more sensitive and could correlate with important outcomes
like lung function'® and predict exacerbation recurrence,'’ other
factors, including clinical signs, lung function, radiology and oxy-
gen saturations, hold significance.

This study highlights the challenges in managing CF-related
infective exacerbations. Eradication of organisms is difficult,
and there is continuous dependence on antibiotics. Therefore,
antimicrobial stewardship procedures should be implemented
as good clinical practice, particularly for complex CF patients ex-
periencing repeat infective exacerbations.

Ceftobiprole administrations were given as at-home IV ther-
apy to one patient on multiple occasions, which would benefit
from further investigation. With the wider acceptance of patients
with chronic disease being taught to self-administer antibiotics,
this antibiotic option, pending sensitivities, widens the repertoire
of antibiotics available to manage CF-related infections, poten-
tially reducing polypharmacy.

Limitations

The small sample size in this study means that more real-world
experience is needed to further examine the clinical effectiveness
of ceftobiprole in CF patients. Ceftobiprole was administered con-
comitantly with other antibiotics in all cases, making it challen-
ging to definitively attribute the observed efficacy solely to
ceftobiprole.

Conclusions

In this study, we suggest that ceftobiprole presents a therapeutic
option for individuals with CF, particularly where pathogen sus-
ceptibility is demonstrated, in a setting where treatment options
are severely limited.

One potential advantage is its broad-spectrum coverage, with
activity against pathogens commonly observed colonizing the
airways of CF patients. This may help reduce polypharmacy in
polymicrobial infections, thereby promoting antimicrobial stew-
ardship and positioning it as a therapeutic option for such infec-
tions. However, our study was not designed to confirm this
benefit, and future prospective clinical studies will be needed to
evaluate this further.
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Additionally, a key challenge in clinical practice is physician
confidence in using a single antimicrobial, particularly in critically
ill patients. Despite known susceptibility as per the manufac-
turer’s summary of product characteristics (SmPC),** our findings
indicate a culture where clinicians are hesitant to use it in isola-
tion, likely due to concerns about treatment failure in this vulner-
able population. This highlights an important barrier to
antimicrobial optimization that warrants further investigation.
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