Second Meeting of the Subcommittee of the Expert Committee on the
Selection and Use of Essential Medicines
Geneva, 29 September to 3 October 2008

Use of ceftazidime in children and options for treating pseudomonas infections

Summary

Ceftazidime, a third generation cephalosporin, has good in vitro activity against P
aeruginosa and is clinically effective and safe in treating infections due to this
organism. Cefepime, a fourth generation cephalosporin is equally effective in clinical
trials. However, therapy with cefepime was associated with a significant increase in
all cause mortality as compared to other broad spectrum beta lactams and
carbapenems in a recent meta analyses. Extended spectrum penicillins like piperacillin
and carbapenems are also effective in treating P aeruginosa infections and safe.
Although for severe infections many clinicians prefer combination therapy with an
antipseudomonal beta lactam and aminoglycoside, this combination is not shown to
have additional benefits in clinical trials. On the other hand it is associated with
increased nephrotoxicity and cost. Aminoglycosides, though active against P
aeruginosa, are not usually used as monotherapy for this infection. Fluoroquinolones
like ciprofloxacin can also be used when oral therapy is indicated.

There are no clinical trials which firmly establish superiority of one drug over
another. Choice is generally based on local susceptibility patterns, nature of infection,
cost and the potential to cause super infections and induce resistance. AMR is
increasing to most antipseudomonal drugs and is worst for fluoroquinolones.

For parenteral therapy, ceftazidime, piperacillin and imipenem/meropenem are most
often used and are at least equally effective and safe. Ceftazidime is primarily for
infections proved or strongly suspected to be caused by P aeruginosa or other related
bacteria like Burkholderia cepacia and B pseudomallei. 1t is the least expensive
among the commonly used antipseudomonal antibiotics and there are no age
restrictions for ceftazidime sodium.

Piperacillin-tazobactam is probably a better choice for polymicrobial infections like
intra abdominal infections and for empirical therapy of serious infections where

bacteria like ESBL producing E coli could also be possible pathogens. Super



infections are less with this drug as compared to cephalosporins. However, it is
recommended only for those above 2 m and is expensive. BNF C states that it is not
licensed for those under 12 yrs, except for neutropenia and complicated appendicitis,
but provides dosage for neonates as well.

Aztreonam has action only against aerobic Gram negative bacteria and so is not useful
for empiric therapy where Gram positives can also be involved. Imipenem is better
reserved as second line drug. Colistin has been used parenterally, but only when there
were no other options.

Cefipime is also used widely, but FDA has recently issued an alert on its safety.

Recommendation

Retain ceftazidime

Consider adding pieracillin/tazobactam in the complementary list since it is better for
polymicrobial infections involving ESBL producers (eg intra-abdominal infections) as
compared to ceftazidime, AMR rates may be lower, potential to induce resistance is

lower, super infection rate is low

Infections caused by P aeruginosa

Pseudomonas aeruginosa is an important cause of serious infections in infants and
children. These include nosocomial infections like bacteraemia, eye infections
including endophthalmitis, CNS infections, ventilator associated pneumonia (VAP),
skin and soft tissue infections following burns and trauma and UTI. It also causes a
significant proportion of chronic suppurative otitis media (CSOM) and respiratory
infections associated with cystic fibrosis. Infections in neutropenic and
immunocompromised children can be due to P aeruginosa.

Nosocomial out breaks are reported from nurseries and pediatric ICUs [1-3]. P
aeruginosa infection in children and neonates is associated with higher mortality[3-5].
Nososcomial infections are more common in developing countries where infection
control practices are not fully satisfactory. In a review of data from developing
countries, rates of neonatal infections among hospital-born babies were 3-20 times
higher than those reported from industrialised countries [6]. P aeruginosa was an

important pathogen.




Antibiotics with activity against P aeruginosa

P aeruginosa is resistant to most first line antibiotics. Antibiotics with activity against
these bacteria
Antipseudomonal penicillins like ticarcillin and piperacillin (with or without
beta lactamase inhibitors)
Third and fourth generation cephalosporins like Ceftazidime and cefepime,
Aminoglycosides
Aztreonam
Carbapenems like imipenem and meropenem
Fluoroquinolones like ciprofloxacin and levofloxacin

Colistin, polymixin B

There is insufficient data from clinical trials to establish superiority of any one.
Policies on antibiotic choices differ in different areas and institutions. Therapy for
infections proven or suspected to be caused by P aeruginosa, is decided based on
susceptibility patterns of isolates from individual patients or current local AMR data
and individual preferences. Nature and severity of infection, cost of therapy, potential
to induce resistance and super infection rates are other considerations.

In general, most clinicians prefer two drugs together [7, 8] — ticarcillin/piperacillin+
aminoglycosides or ceftazidime/cefipime + aminoglycosides or ciprofloxacin+
aminoglycosides for severe infections. However there is insufficient data to support
the efficacy of combination therapy as against monotherapy with third or fourth
generation cephalosporins, anti pseudomonadal penicillins or imipenem/meropenem.

Addition of aminoglycosides can increase nephrotoxicity and cost

AMR

AMR has appeared to all drugs and is increasing. Proportions of isolates resistant to
each antibiotic vary from place to place. 94% and 93% respectively of P aeruginosa
isolated from children during1998-2004 from 52 sentinel hospitals in North America
were susceptible to imipenem, and piperacillin-tazobactam. Only 1.4% and 2.3%,
respectively where resistant to imipenem and cefepime [9]. In a study from Slovak
republic, 1.2% of 169 P. aeruginosa were resistant to meropenem, 4.1% to
piperacillin/tazobactam, 7.7% to ceftazidime and cefepime, 12% to amikacin and >

30% to ciprofloxacin [10]. Much higher rates are also reported from other areas in the



world. For example, in one study 60.9% of P. aeruginosa isolated from patients with
burns were resistant to piperacillin, 53.4% to ceftazidime, 37.6% to imipenem, 59.3%
to tobramycin, 80% to gentamicin, 62.4% to amikacin and 53.4% to ciprofloxacin
[11].

Metallo-beta-lactamase (MBL)-producing P aeruginosa isolates are resistant to
almost all broad-spectrum beta-lactams and carbapenems and are increasingly being
reported from several parts of the world from hospitals including neonatal facilities
[12, 13] and in cystic fibrosis [14]

AMR can develop as a result of antibiotic therapy. Gentamicin, tobramycin,
ciprofloxacin, ceftazidime, and imipenem have higher potential for inducing
resistance as compared to amikacin, piperacillin, cefoperazone, cefepime and

meropenem [15].

Evidence for efficacy and safety

Clinical trials evaluating antibiotics for proven serious P aeruginosa infections
especially in children are almost non existent.

Empirical therapy to cover P aeruginosa and also other potential pathogens is used in
children with febrile neutropenia, cystic fibrosis and sepsis. Most reported trials are in
these conditions.

Most reported clinical trials in adults and children show therapies under comparison
to be equal in efficacy and safety. A recent meta-analysis comparing cefepime with
other broad spectrum beta lactam antibiotics included 57 RCTs. All-cause mortality
was higher with cefepime than other beta-lactams (RR 1.26; 95% CI 1.08-1.49).
Higher RRs were obtained for trials reporting adequate allocation-sequence
generation (1.52; 1.20-1.92) and allocation concealment (1.36; 1.09-1.70). Baseline
risk factors for mortality were similar. All antibiotics compared (ceftazidime,
piperacillin-tazobactam, cefotaxime/ceftriaxone, imipenem/meropenm) had lower all
cause mortality and the advantage was significant with piperacillin-tazobactam (RR
2.14; 1.17-3.89). With Cefepime, all cause mortality was higher in all types of
infections (febrile neutropenia, pneumonia and other infections) and was significant
for febrile neutropenia (RR1.42; 1.09-1.84) [16]. The authors advice re-evaluation of
policies where this drug is recommended. Based on this report FDA has issued an

alert and states that it is reviewing safety issues related to cefepime



No significant differences between groups in over all treatment failure, superinfection,
or adverse events were found. There was no significant difference in clinical failures
between cefepime and ceftazidime, carbapenems or cefotaxime/ceftriaxone. However,
clinical failures were significantly more in cefepime as compared to piperacillin-
tazobactam (RR 1.09; 1.01-1.18). 0-40% of infections were due to Pseudomonas spp.

[16]. Sub group analyses is not available
A systematic review found that the antibiotic most frequently related to superinfection
was ciprofloxacin (38.1%), followed by cefotaxime (23.3%), imipenem (12%),

meropenem (10.2%), cefepime (6.1%) and piperacillin-tazobactam (5.4%) [17].

Proven infections with P aeruginosa

A Cochrane review to determine the benefits of early antibiotic treatment in children
and adults with cystic fibrosis to eradicate P. aeruginosa, identified three eligible
studies and concluded that therapy brings about microbial eradication in the short
term, but clinical benefits were unclear [18]. Another Cochrane review to determine
benefits or harm of oral anti-pseudomonal antibiotic therapy in people with cystic
fibrosis, colonised with P aeruginosa concluded that there is no evidence to suggest
that oral therapy is better or worse than parenteral therapy based on four trials
examining exacerbations (197 participants) and two trials examining long-term
therapy (85 participants) [19]. Studies included in this trial are summarised in table 1.
In a prospective, open, randomized trial comparing ceftazidime and aztreonam in
children with CSOM without cholesteatoma and a pure culture of P aeruginosa
growing in middle ear discharge, success rate defined as complete disappearance of
discharge, was 84.6% in the ceftazidime group and 67% in the aztreonam group.
There were 15 children in each arm (mean age 56 m and 48 m respectively). Two
patients in each group had recurrence within 90 d from discontinuation of therapy
[20]. In another study, ceftazidime was found to be useful for out patient treatment of
CSOM caused by P aeruginosa [21]

During a period of 11 yrs, 14 children with burns and pan resistant P aeruginosa
infection received parenteral colistin. Favourable response rate was seen in 78.8%.

Overall mortality was 14 % and this was attributed to sepsis [22].



Cystic fibrosis

P aeruginosa can be isolated from a good proportion of patients including children
with cystic fibrosis[23, 24] and antipseudomonal antibiotics are used frequently to
treat an exacerbation. Extended-spectrum penicillins, cephalosporins,
fluoroquinolones, aminoglycosides, meropenem, colistin are used for therapy[23, 24].
There is no clinical evidence for superiority.

B cepacia another cause of infections in cystic fibrosis [25] is most susceptible to
ceftazidime [23, 26] and so is preferred in areas where this infection is also common.
A Cochrane review of RCT comparing a single intravenous antibiotic with a
combination of that antibiotic plus a second antibiotic in people with Cystic fibrosis
included 8 trials. Six of these were done prior to 1988. Methodological quality was
poor and results inconclusive [27].

A recent study showed that desired antibiotic concentrations were not reached in the
sera and lungs of most patients with cystic fibrosis on ceftazidime and tobramycin
[28]. Lower respiratory tract infections are listed as one of the indications for
piperacillin/tazobactam therapy in BNF C. Ceftazidime is recommended for lung

infections in cystic fibrosis in BNF C.

Sepsis

Approximately 8 -15% of blood stream infections in children can be due to P
aeruginosa [29, 30]. E coli is another major pathogen. Antibiotic combinations used
for therapy include cover for P aeruginosa.

A Cochrane review to evaluate beta lactam montherapy with beta lactam+
aminoglycoside combination found that the latter carried a significant risk of
nephrotoxicity RR 0.30 (95% CI 0.23-0.39). Other adverse events, clinical failure and
all-cause fatality rates were unchanged [31]. 64 trials, randomizing 7586 patients,
mostly adults with different types of serious infections and aetiologies, were included.
No significant disparities emerged from subgroup analyses, including the assessment
of patients with P aeruginosa infections. No differences in the rate of resistance
development were observed.

Change in protocol for neonatal sepsis from ceftazidime + amikacin to piperacillin
tazobacatm resulted in significant reduction in MDR nosocomial infections in
neonates in one unit [7]. The latter is currently one of the preferred options for

neonatal nosocomial sepsis [29]. Sepsis is listed as one of the indications for



piperacillin/tazobactam therapy in BNF C. Ceftazidime is recommended for

susceptible Gram positive and negative infections.

Febrile neutropenia

Gram negative bacilli like £ coli and P aeruginosa are frequent pathogens [32].
Guidelines for antibiotic choices are usually made locally [33] because of differences
in distribution of infecting organisms and varying AMR rates.

In a prospective randomized study, 50 children with febrile neutropenia were given
cefepime or ceftazidime + amikacin as empirical therapy. Duration of fever,
hospitalization, and antibiotic administration were longer in the ceftazidime +
amikacin arm. The costs of the antimicrobial drugs, hospitalization, and total cost
were lower in the cefepime arm [34]. In another randomised controlled trial in 76
episodes of febrile neutropenia in children, ceftazidime + amikacin (57%) and
meropenem (72%) monotherapy had success rates which were not different
statistically. Only 2 of the 27 patients with causative organism identified had P
aeruginosa infection. Adverse effects were similar [35]. Cefepime + netilmicin,
ceftazidime + amikacin and meropenem monotherapy were compared in febrile
neutropenic children with malignancy in Turkey. Success rates were similar, but
meropenem was more expensive than the two combinations evaluated [36]
Comparison of cefipime with ceftazidime monotherapy in 96 evaluable episodes in
children found that the overall success rates were similar (69% vs. 71% respectively).
The bacterial eradication rate was 33% with cefepime and 20% with ceftazidime and
the rates of new infections were 10.4% and. 4.2% respectively. Both drugs were well
tolerated [37]. Similar results were observed in other trials also [38]

Early and complete responses were observed with ceftazidime-aminoglycosides in
108 (50.0%) and 133 (61.6%) of 216 episodes of febrile neutropenia in children with
cancer in a retrospective analyses. Primary bacteremia and emerging bacteremia
during treatment were 20 (9.3%) and 5 (2.3%) [39].

In a prospective non randomised trial using pieracillin-tazobactam+ amikacin in
children with neutropenia, 77 (49.7 percent) episodes responded without a need for
treatment modification [40]. Another multicentric retrospective survey also shows

similar results [41]



Eighteen trials were included in a Cochrane review comparing oral with parenteral
therapy in those with low risk of mortality. The mortality rates and treatment failure
rates were similar. Quinolones alone or combined with other antibiotics had
comparable results. Adverse reactions, mostly gastrointestinal were more common
with oral antibiotics [42].

This is listed as one of the indications for piperacillin/tazobactam therapy in BNF C.
Ceftazidime is recommended for susceptible infections due to Gram positive and

negative bacteria.

Nosocomial pneumonia

P aeruginosa and other Gram negative bacilli are frequent causes of nosocomial
pneumonias in children.

Thirty children aged <1 year with VAP occurring 5 or more days after intubation were
randomized to receive cefepime or ceftazidime. Cure rates were similar and there
were no major adverse events [43]. Effcacy and safety of Piperacillin-tazobactam is
similar to that of ceftazidime [44] and imipenem ciliastatin [45].
Piperacillin-tazobactam or carbapenem are better choices in areas where ESBL

producing bacteria are endemic [46]

Additional cover for Gram positive bacteria and fungi may be required for therapy of

serious infections.

Intra-abdominal infections

Safety and efficacy of parenteral piperacillin/tazobactam were evaluated in 60
children with secondary peritonitis (90% following. perforated appendicitis) in a
multicenter study. 36 had poly microbial infections; £ coli (52 isolates), P aeruginosa
(16 isolates) and Bacteroides sp. (19 isolates). Clinical failure occurred in 4/ 43
evaluable patients. There were 2 clinically adverse events considered related to the
study drug and several possibly related, mild and transitory, abnormalities in
eosinophil counts and liver function tests [47].

Cefepime has activity similar to that of imipenem-ciliastatin for intra abdominal
infections (Maxipime Label — Bristol-Myers Squibb)

Intra-abdominal infections and complicated appendicitis are listed as indications for

piperacillin/tazobactam therapy in BNF C



Other infections where ceftazidime is recommended

Therapeutic concentrations of ceftazidime are reached in CSF and so is recommended
for meningitis caused by P aeruginosa [48]. It is also recommended for catheter

infections in children with HIV [49].

Related organisms like B cepacia can infect children with cystic fibrosis and
ceftazidime is recommended in BNF C. In endemic areas melioidois caused by B
pseudomallei can occur in children also and is associated with high mortality rates

[50, 51]. Ceftazidime is recommended for the initial parenteral therapy [51, 52]

Other issues

Ceftazidime

For children less than 12 yrs, L arginine containing formulations of ceftazidime are
not recommended but sodium formulations can be used (label Fortaz, Ceptaz, Glaxo
Smith Kline). Ceftazidime can be administered as continuous infusion. Here again
there is no data to prove superiority [24].

Indications included in the label include different infections with P aeruginosa and
also infections caused by other bacteria.

Since ceftazidime is excreted almost exclusively through kidneys, dosage has to be
adjusted in those with renal impairment. When administered together with
aminoglycosides, nephrotoxicity and ototoxicity increases. Concomitant use of
chloramphenicol is also to be avoided.

With both ceftazidime and cefepime, serious and fatal encephalopathy, seizures, coma
and myoclonus can occur especially in those with renal impairment. Other adverse
events common to cephalosporins like hypersensitivity, super infections etc can also
occur with both. Prothrombin activity can decrease.

Inducible type 1 beta lactamase mediated AMR can occur in P aeruginosa. Hence
periodic susceptibility testing is recommended while using ceftazidime.

False positive urine glucose test, hyperbilirubinemeia and jaundice are also reported

Cefepime

All cause mortality is higher with cefepime as compared to other broad spectrum beta
lactam antibiotics and carbapenems [16]. Based on susceptibility data [9] and clinical

efficacy [16] it is comparable to other antipseudomonal antibiotics.



Safety is established only above 2 m (Maxipime label Bristol Myers Squibb).
Indications listed in the label include infections due to P aeruginosa (nosocomial
pneumonia, febrile neutropenia, intra abdominal infections) and also other Gram

negative bacilli and Gram positive cocci.

Piperacillin-tazobactam

P aeruginosa is susceptible to piperacillin alone. However, the combination is most
widely available and used since it covers both piperacillin susceptible infections and
those due to bacteria like £ coli with beta lactamase (inhibited by tazobactam)
mediated resistance to piperacillin. It is also useful for mixed infections caused by
piperacillin susceptible and piperacillin resistant but combination susceptible bacteria.
Indications in the label include infections where P aeruginosa could be one of the
potential pathogens (eg nosocomial pneumonia) and also other infections due to
susceptible bacteria like complicated appendicitis and peritonitis and other infections.
Clearance is slower in children up to 9m and after that it is similar to adults (Zosyn
label, Wyeth Pharmaceuticals). Dosage has to be adjusted in renal disease.

There is insufficient data to establish safety below 2 months.

BNF C states that it is not licensed for usein children under 12 yrs except for
neutropenia and complicated appendicitis. However, BNFC has dosages for neonates.
If mixed in vitro with aminoglycosides, the latter can be inactivated

In a nosocomial pneumonia trial, > 90% developed adverse events both with
piperacilin-tazobactam and imipenem. 11% discontinued therapy in the former group
compared to 6.5% in the latter. Most events were GI and skin related. In children with
intra abdominal infections, 27% developed adverse reactions and 2% discontinued
(Zosyn label, Wyeth Pharmaceuticals). Fever [53] and serum sickness like
syndrome[54] are also reported.

Antibiotic associated diarrhoea, super infections and clotting abnormalities can occur.
It can interact with certain other drugs like probenecid, heparin, methotrexate etc

(Zosyn label, Wyeth Pharmaceuticals).



Cost and dosage

International Drug Price Indicator Guide - buyer prices

DDD | Unit Dosage Cost EML C
USS$ listing
Ceftazidime™ 4gm | Igm <4 wks - 30mg/kg Q12H 24350 | 250 mg
Im-12 yr - 30-50 mg/kg Q8H
Cefepime 2gm 1 gm 2m-16yrs- 50mg/kg Q8- 12H | 6.7500
Piperacillin + l4gm | 4gm** + | 2-9m- 80mg +10 mg/kg Q8H | 24.4596
tazobactam 0.5 >9m-100mg+ 12.5 mg/kg
Q8H
Imipenem + 2gm | 500 mg+ 9.84 250+250 mg
ciliastatin 500 mg 500 +500 mg
Meropenem 2gm | 1gm 25.3456
500 mg 16.7645
*Ceftazidime

Only 1gm powder is available from IDPIG, Fortaz 500 mg available

Pentahydrate sodium may need to be specified

** shown as 4 mg in IDPIG

Ticarcillin, colistin, polymixin and aztreonam not listed

A study using Monte Carlo simulation suggests that the dosages of antipseudomal

drugs used are unlikely to result in bactericidal concentrations in children [55].
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Table 1 Studies included in the Cochrane review on oral antimicrobial therapy in cystic fibrosis

Study Design Treatment Sample Interventions
for
Hodson 1987 RCT exacerbations | 20 randomly allocated to 3 times a day for 10 days.
Single centre. UK Aged 16 and over pulmonary each group
B — Unclear 1. Azlocillin (5g) plus gentamicin (80mg) both
given IV
2.ciprofloxacin (500mg) given orally
Jensen 1987 Double-blind RCT Chronic 14 in initial ciprofloxacin For 14 days bd. 3-month washout.
Single centre Age over 18 yrs infection group and 12 in initial 1. ciprofloxacin (750mg) with ofloxacin placebo
Denmark Cross over ofloxacin group. 24 received | 2. ofloxacin (400mg) plus CPX placebo
B — Unclear ciprofloxacin and 23
received ofloxacin
Richard 1997 RCT exacerbation | 108 people randomised (55 | Treatment for 14 days.
Multi centre 9 Minimum age of 5 pulmonary to oral Ciprofloxacin and 53
countries years to parenteral combination 1. Oral ciprofloxacin (15mg/kg bd)
A — Adequate Mean age in cipro therapy). 2. 1V ceftazidine plus tobramycin (50mg/kg tds,
group: 10.2 years 3mg/kg tds). dosage adjusted based on plasma
conc.
Schaad 1997 RCT Excerbations | 22 maintenance treatment 2-week IV ceftazidime (300 mg/kg/day) and

Single
centreSwitzerland
B — Unclear

Age: 8 to 25 years

and chronic

with Ciprofloxacin
23 combination

amikacin (36 mg/kg/day) and bd inhalation of
amikacin in all

Patients who responded randomised to a 3-
month period of OP therapy

1. Oral ciprofloxacin (30 mg/kg/day)

2. Oral ciprofloxacin and amikacin inhalation




Study Design Treatment Sample Interventions
for
Sheldon 1993 Double-blind RCT Chronic 40 randomised. 31 1. Ciprofloxacin(500 mg) tds
UK over 18 years of age | infection completed 2. Placebo
A Adequate for 10 days every 3 months for 4 courses
Wang 1988 RCT exacerbation | 23 people randomised Treatment for 2 weeks
Single centre Over 18 years of age. | pulmonary 1. Clprofloxacin 750 mg bd

USA
B — Unclear

2. IV tobramycin plus ticarcillin
3. IV tobramycin plus azlocillin
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