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Summary. Background: Combination therapy has traditionally been reco patients with
Febrile Neutropenia (FN), but the results remain controversial. Object g afety and effec-
tiveness of the two methods in clinical practice. Methods: We perfor isg8t randomized con-
trolled trials (RCT) to compare monotherapy with meropenem v rapy with ceftazidime
plus amikacin for empirical treatment of cancer patients with F terventions, participants’ charac-
teristics and the outcomes of therapy, were extracted for st trials fulfilled the inclusion

criteria. Results: The treatment with ceftazidime plus a
1.17; 95% CI 0.94 -1.45; 1471 participants). Likewise
tazidime plus amikacin (OR = 0.87; 95% CI 0.7 -1.08;

ective than meropenem (OR =
of meropenem was higher than cef-

amikacin (OR = 1.06; 95% CI 0.83 -1.35; 1336 ‘- i'
rash, and increase in SGOT, SGPT and bilirub¥

ceftazidime plus amikacin an Yoo, considered pending further analysis. However empirical
i are adverse effects. Conclusions: Ceftazidime plus amikacin should

analisi di 8

e la terapif

randomizzati controllati (RCT) sono state messe a confronto la monoterapia con meropenem
combinata con ceftazidime ed amikacin per il trattamento empirico dei pazienti malati di
cancro con FN. A fini statistici, sono stati presi in considerazione i dati sull'intervento, sulle caratteristiche
dei partecipanti e sui risultati della terapia Sette prove hanno soddisfatto i criteri di inclusione. Risu/tati:
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Il trattamento con ceftazidime associato ad amikacin ¢ stato piu efficace rispetto al trattamento con solo
meropenem (OR = 1.17; 95% CI 0.94 — 1.45; 1471 partecipanti). Allo stesso modo il tasso di fallimento del
meropenem € stato superiore rispetto al trattamento con ceftazidime associato ad amikacin (OR =0.87; 95%
CI 0.7 -1.08; 1471 partecipanti). In cinque articoli si ¢ parlato in dettaglio degli effetti avversi. Molti pazienti
trattati con ceftazidime e amikacin hanno subito gli effetti avversi correlati al farmaco (OR = 1.06; 95% CI
0.83 —1.35; 1336 partecipanti). Le risposte comuni erano nausea, diarrea, rash cutaneo ed aumento dei valori
SGOT, SGPT e bilirubina. Gli effetti scaturiti dai due metodi terapeutici sono da considerarsi quasi identici
negli adulti (OR = 1.04; 95% CI 0.64 — 1.67; 378 partecipanti di eta superiore a 16 anni)

g guesta revisione

Introduction

Febrile Neutropenia (FN), an important compli-
cation, is common in patients receiving chemot

. Reports
tropenia were

for low-risk febrile neutropenia
gby cancer, although parental preferenc-
ariable for outpatient versus inpatient

in childre
es are highly
management (8). However, in clinical management,
prompt antimicrobial therapy, especially broad-spec-
trum antibiotic therapy, tends to be applied at the
onset of fever before the nature and susceptibility of
the pathogen is detected in such infection. Following
the NICE guidance (the National Institute for Health

and Clinical Excellence) in treating cancer patients for

eutropenic sepsi iperacillin with tazobactam is rec-

mmended

the initial empirical antibiotic therapy
.nice.org.uk/guidance/cg151/resources).
use of antimicrobial agents in neutropen-
patients with cancer, clinical guideline updated by
nfectious Diseases Society of America (IDSA)
in 2010 recommend monotherapy with a cefepime
(CFPM), a carbapenem (imipenemecilastatin (IPM/
CS) or meropenem (MEPM)) (2).

Considering the advantages of decreased toxic-
ity and cost as compared to multidrug regimens in
many researches (9, 10), monotherapy with a broad-
spectrum cephalosporin, such as ceftazidime (CFZ)
and cefepime (CFP), or a carbapenem, is reported to
be an effective treatment (11-13) and suggested as a
successful monotherapy (14, 15). On the beta-lactam
side, Rejin Kebudi and co-workers found that both
cefepime and ceftazidime were effective and safe for the
empirical treatment of febrile episodes in neutropenic
patients (16). As an ultra-broad spectrum antibiotic of
the carbapenem group, meropenem is highly active i
vitro against most of the gram-positive and gram-neg-
ative bacteria and anaerobes responsible for infections
in neutropenic patients (17). Unlike imipenem, mero-
penem may be given without concomitant addition of
cilastatin. It is a possible last line of defense against
multidrug-resistant gram-negative infections. It must
be pointed out that meropenem should be used with
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caution and discretion, as there are not many drugs
in the pipeline in the near future. Thus, combination
therapy with a beta-lactam and an aminoglycoside has
been traditionally recommended for febrile episodes in
neutropenic patients.

Despite the picture outlined above, there is still
confusion as to the curative effect and safety of tradi-
tional combination therapy with ceftazidime plus ami-
kacin versus monotherapy with meropenem. Collect-
ing and analyzing newly published articles since 1995,
we performed a systematic review with meta-analysis
of randomized controlled trials alternating combina-
tion therapy with ceftazidime plus amikacin or/and
monotherapy with meropenem in the treatment of
cancer patients with febrile neutropenia.

Materials and methods
Information sources and search strategy

The Cochrane Library, PubMed, Sciencedirect,
Wiley Online, Science Citation Index (SCI), Google
(scholar), National Center for Biotechnology Inga

penia in cancer. The pu
to English.

Elgibility critey

Patients with FN; (3) published
gow; (4) randomization procedure per-
formed; (5) Erventions conducted in trials with
meropenem or ceftazidime plus amikacin ; (6) scien-
tific standard for curative effect; (7) reasonable exclu-
sion criteria for participant selection.

Exclusion criteria were: (1) overlapping data; (2)

not randomized studies; (3) only relevant to mono-

therapy or combination therapy; (4) reviews, abstracts,
animal studies or letters; (5) in vitro activity only.

Data Extraction

Titles and abstracts were scanned by reviewers,
independently, to filter out reviews, unavailable full
articles and irrelevant ones. Then full texts of studies
included were assessed for final quality eligibility on
the basis of consolidated standards of reporting trials

Data from the
dependently for i€, and any disa-
subsequently. The
ted on study ID, year

and adverse effects. The

Ftatistical analysis was performed using RevMan
vefsion 5.1 (Nordic Cochrane Centre, Copenhagen,
Denmark). Heterogeneity was explored using a Chi-
square test, and the quantity of heterogeneity was
measured using the I* statistic with Review Manager.
P <0.10 or I*2 50 % suggests that there is hetero-
geneity and a random-effect model should be chosen
(19). In the experimental group, the first outcome was
comparison of the success rates of meropenem ver-
sus control (ceftazidime plus amikacin) for empirical
treatment of cancer patients with FN; the second was
comparison of the failure rate; the third regarded ad-
verse effects. Pooled odds ratios (ORs) and 95 % con-
fidence intervals (CIs) for all outcomes were calculated
with the Mantel-Haenszel fixed-effects (20). For all
analyses, results from the fixed-effect models are pre-
sented only when there was no heterogeneity between
studies; otherwise, results from random-effect models
are presented. The reported results of outcomes of the
studies analyzed were weighted by the inverse of their
variance from fixed-effect models.
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Results
Characteristics of eligible studies

Relevant publications were retrieved from da-
tabases (PubMed, Google scholar, and SCI). As the
assessment outcome, Figure 1 shows review authors’
judgments about each risk of bias item, presented as
percentages across all studies included. A total of 16
relevant publications were adopted through reading
records. After full-text scanning, 10 were excluded for
various reasons: two were single clinical trials about
combination therapy in febrile neutropenic patients
with cancer (21, 22); three studied monotherapy with
meropenem only (23-25); while two compared mero-
penem versus ceftazidime as empirical monotherapies
(14, 26); Oguz et al. (27) dealt with cefepime versus
meropenem; one of the full-text articles was not avail-
able (25, 28) (Figure 2).

Eventually, seven papers were available for data ex-
traction and assessment (28-34) (Table 1). Inventions
performed in six RCTs were all divided into two groups:
a meropenem group and a ceftazidime plus amikacin
group. The drug regimen with these three antibiotics

Quantitative synthesis

In this analysis, participants treated by meropen-
em were considered as experimental cases, while those
on ceftazidime plus amikacin were seen as controls. In
order to estimate the pharmaceutical effects of mero-
penem versus ceftazidime plus amikacin for empirical
treatment of cancer patients with FN, og
or improved cases were considered,

or unchanged outcomes were congg
terms of analysis.

No heterogeneity be

openem was higher than

(OR = 0.87; 95% CI 0.7

, more patients suffered drug-related
ccts when treated with ceftazidime plus

plete outcome data (attrition hias)
Selective reporting (reporting hias)

Other bias

0% 25% 50% 75%

. Low risk of hias

|:| Unclear risk of bias

Bl High risk of bias

Figure 1. Risk of bias graph.
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were not included in the adult group due to the exist-
ence of children without final treatment data. In the
sub-grouped outcome of success cases, however, the
treatment effects of the two therapy methods ran al-
most parallel in adults (OR = 1.04; 95% CI 0.64 -1.67;
378 participants older than 16) (Figure 6). No differ-
ences were identified in subgroup analysis of failure

dies processed for inclusion in the meta-analysis.

cases (Figure 7). The articles mentioning adverse ef-
fects were all trials on adults.

Tests for publication bias and sensitivity analyses

Given that the number of studies (N=7) was too
small to test for small study effects, publication bias anal-
ysis consisted only in a funnel plot performed by Review
Manager as shown in Figure 8.
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Table 1. Characteristics of all included studies in the meta-analysis.

Study IDs Years Interventions Participants M:F  Mean Ages Success Failure =~ Adverse Effects
Ratio (years) ~ Numbers
Hung-2003 2003  meropenem 39 21/18 4.2 28 10 not mentioned
(23) (40 mg/kg/dose (0.7£16.3)
max 1 g/dose q 8h)
ceftazidime 37 24/13 3.6 ntioned
(50 mg/kg/dose (0.6+12.4)
max 2 g/dose q 8h)
plus amikacin
(5 mg/kg/dose
max 0.25 g/dose q 8 h)
Agaoglu-2001 2001  meropenem alone 30 1/8 6 n the meropenem
(29) (60 mg/kg/d i.v. arm, 3 patients had
in 3 doses) vomiting but no
seizures
ceftazidime 29 3 6
(100 mg/kg/d i.v.
in 3 doses)
plus amikacin
(15 mg/kg/d i.v.
in 2 doses)
cefepime 22 6
(100 mg/kg/d i.v.
in 3 doses) plus
Akova-1999 1999 25/15 36 24 13 5.5% hypersensitivity;
(30) (39+17) 11% transient increase
in transaminases;
1% nausea and
1% diarrhoea
25/18 22 18 17.5% transient
increase in
transaminases;
5% diarrhoea
Meropenem 34 22/12 46 20 14 13% drug-related
(Igevery8h (18+76) effects like nausea,
by intravenous diarrhoea and rash
infusion for
20+30 min)
Ceftazidime 37 24/13 50 23 14 15% drug-related
(2gevery8h (22+70) effects like diarrhoea
by intravenous and increase on
infusion) plus SGOT, SGPT,
Amikacin (15 mg/kg Bilirubin
per day in 2 or 3
equally divided doses)

(continued)
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Table 1. Characteristics of all included studies in the meta-analysis.

Study IDs Years Interventions Participants M:F  Mean Ages Success Failure =~ Adverse Effects
Ratio (years) ~ Numbers
dela Camara-1997 1997  meropenem 46 22/24 42.2 17 29 Erythema multiforme;
(33) (1¢g/8h) (17+71) Alkaline phosphatase
ceftazidime 47 27/20 41.6
(2 g/8h) plus (16266)
amikacin
(15 mg/kg/day)
Cometta-1996 1996  meropenem 483 275/208 38
(32) (1gevery8h[q8 h] (1= patients (all
for adults and adults) in
children weighing the mono-
more than 50 kg, therapy
20 mg/kg q8h arm and 31
for children weighing (30 adults and
less than 50 kg) infused 1 child) in the
over a period of combination
20 to 30 min arm
experienced an
ceftazidime (2 g q8 h 66/209 39 245 206 148 adverse event
for adults, 35 mg/kg q8 h (1£77) of  considered
for children) 511  related or
/ (29%) probably related
to the study
drug
Solberg-1995 42/29  60.1+19.0 56 5 18 meropenem-
(28) treated patients (25%)
and 12 patients (15%)
51/31 63.6217.8 66 4 in the ceftazidime/
every 8 h) plus amikacin group
cin experienced at least
5 mg/kg/day) one adverse event.
A single patient in the
ceftazidime/amikacin
group was withdrawn
from the study because
of drug-induced rash.
Discussion aware of the infection risks, diagnostic methods, and

Patients with malignancy are at high risk of suffer-
ing chemotherapy-induced neutropenia, a significant
dose-limiting toxicity in cancer treatment, leading to
infection-related morbidity and mortality (35). Dur-

ing a neutropenic period, physicians must be keenly

antimicrobial therapies required for management of
febrile patients. Accordingly, researchers were keenly
interested in algorithmic approaches to fever and neu-
tropenia, infection prophylaxis and treatment (36).
Prompt empirical antibiotic therapy using the new
broad-spectrum antibiotics, such as the carbapenems,
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Solherg-1995
Cometta-1996

de la Camara-1997
Behre-1998
Akova-1999
Agaoglu-2001
Hung-2003

Total (95% Cl)
Total events

Heterogeneity: Chi*= 3.00, df=6 (P = 0.81); F=0%
Test for overall effect Z=1.41 (P=0.16)

Odds Ratio
M.H, Fixed, 95% CI

Meropenem Control Odds Ratio

Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% Cl _Year
56 61 66 70 33% 0.68[0.17,2.65] 1995
270 483 245 475 T705% 1.19[0.92,1.53] 1996
17 46 17 47  B9% 1.03[0.44,2.41) 1997
20 34 23 37 59% 0.87 [0.34, 2.25) 19498
24 40 22 43 55% 1.43[0.60,3.42) 1999
22 30 23 29 4.0% 0.72[0.21,2.40] 2001
28 39 21 37 39% 1.94 [0.75,5.03] 2003

733 738 100.0%  1.17[0.94, 1.45]

437 M7

» . .
ce” point

Study or Subgrou

Total Events Total Weight

Control

Solberg-1995
Cometta-1996

de la Camara-1997
Behre-1998
Akova-1999
Agaoglu-2001
Hung-2003

Total (95% CI)
Total events

Heterogeneity: Chi*= 2.66, di=6
Test for overall effect: Z=1.31

meropenem
Events
5 61
180 483
29 46
14 34
13 40
8 30
10 39

269

4 70
206 475 71,

30 47

14 37

18

57.[0.21,1.51]

87 [0.70, 1.08]

Odds Ratio
IV, Fixed, 95% CI
-
>
. } |
05 1 2 5
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’ point in emergence of failure cases treated by meropenem and ceftazidime plus ami-
s, ORs; diamond, pooled OR for all studies.

Behre-199
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Total (95% CI)
Total events

de la Camara#997

8 40
5 34
151 483
4 46
18 61
664

186

Control

ight
9 43 5.5%
6 37 3.9%
148 475 81.5%
4 47 2.9%
12 70 6.3%
672 100.0%

179

Heterogeneity. Chi*= 2.59, df= 4 (P=063); F=0%
Test for overall effect: Z=0.48 (P = 0.63)

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio

M-H, Fixed, 95% CI

0.94 [0.32, 2.75]

>~

0.89 [0.25, 3.24]
1.00 [0.76, 1.32]

5
*

1.02 [0.24, 4.36]
2.02[0.88, 4.64]

1.06 [0.83, 1.35]
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Figure 5. Outcomes of drug-related adverse effects from the two treatments. The size of each square denotes the proportion of infor-
mation given by each trial. Vertical line, “no difference” point in emergence of adverse effects treated by meropenem and ceftazidime

plus amikacin; horizontal lines, 95% Cls; squares, ORs; diamond, pooled OR for all studies.

emergence of success cases
; diamond, pooled OR for all studies.
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Table 2. Outcomes without subgroup of analysis on treatment effects.

Outcome without subgroup Studies Participants Statistical method Effect estimate
Success case 7 1471 Odds Ratio (M-H, Fixed, 95% CI) 1.17 [0.94, 1.45]
Failure case 7 1471 Odds Ratio (M-H, Fixed, 95% CI) 0.87 [0.70, 1.08]
Adverse effect 5 1336 Odds Ratio (M-H, Fixed, 95% CI) 1.06 [0.83, 1.35]

Table 3. Outcomes with subgroup of analysis on treatment effects

Outcome and subgroup Studies Participants Statistical method

Success case 6 513 Odds Ratio (M-H, Fixed, 9, ]
adult 4 378 Odds Ratio (M-H, Fixe ]
children 2 135 Odds Ratio (M-H, Fj ]

Failure case 6 513 Odds Ratio (M- 0.91 [0.61, 1.37]
adult 4 378 Odds Ratio ( 0.96 [0.59, 1.55]
children 2 135 Odds Ratio ed, 95% C 0.81[0.38,1.72]

Meropenem Control Odds Ratio
M-H, Random, 95% CI
2.2.1 Adult
Akova-1999 24 40 22 o
Behre-1998 20 34 23
Cometta-1996 270 483 245
de la Camara-1997 17 46 17
Solberg-1995 56 B1 66 65 (0.170%.
Subtotal (95% CI) 181 04 [0.64, 1 67} —~——
Total events 17 128
Heterogeneity: Tau®= 0.00; Chi*=1.03, df= 3
Testfor overall effect Z= 0.15 (P = 0.88)
2.2.2 Children
Agaoglu-2001 0.72(0.21, 2.40}
Hung-2003 1.94 [0.75, 5.03)
Subtotal (95% Cl) 1.27[0.48,3.33] et ——
Total events
Heterogeneity. Tau®=j# =38%
263 100.0% 1.11[0.74, 1.67] ?
0.2 0.5 1 2 5
= 0% Favours meropenem Favours ceftazidime plus amik

trial. Vertical hne

o difference” point in emergence of success cases treated by meropenem and ceftazidime plus amikacin; horizon-
diff p g y merop p ;

tal lines, 95% Cls; squares, ORs; diamond, pooled OR for all studies. Grouped by age, adult and children.

is becoming common even in patients with high-risk
neutropenia or fever, replacing the traditional combi-
nation therapy (30, 31, 37-39). As the newest member
of this group of antibiotics, meropenem also is report-
edly as safe and effective as a combination of antibiot-
ics (e.g., an aminoglycoside plus an anti-pseudomonal
beta-lactam such as ceftazidime) in large comparative

trials. Considering this controversy, we designed this
review to assess which method was better in terms of
treatment effect.

Since 1995, there have not been many articles
on clinical trials evaluating monotherapy with mero-
penem versus combination therapy with ceftazidime
plus amikacin for the empirical treatment of cancer
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
3.2.1 adult
Akova-1999 13 40 18 43 238%  067[0.27,1.64] —_— 1
Behre-1998 14 34 14 37 16.0%  1.15[0.44,2.99 "
Cometta-1996 190 483 206 475 0.0% 0.85[0.65,1.10]
de la Camara-1997 29 46 30 47 223% 0.97[0.42 229 41_
Solberg-1995 5 61 4 70 70% 1.47[0.38,5.79)
Subtotal (95% Cl) 181 197 69.2%  0.96 [0.59, 1.55]
Total events 61 66
Heterogeneity: Chi*=1.14, df=3(P=077), F=0%
Test for overall effect: Z=0.18 (P = 0.86)
3.2.2 children
Agaoglu-2001 8 30 6 29 91% 1.39[0.42 4.67]
Hung-2003 10 39 14 37 21.7% 0.57 [0.21,1.51]
Subtotal (95% CI) 69 66 30.8% 0.81[0.38, 1.72
Total events 18 20
Heterogeneity: Chi*=1.29, df=1 (P = 0.26); F= 22%
Test for overall effect: Z=0.55 (P = 0.58)
Total (95% CI) 250 263 100.0% O 1,1.37] -
Total events 79 86
Heterogeneity: Chi*= 2.56, df= 5 (P= 0.77); F= 0% u=2 uls 1 2 5
Test for overall effect: Z= 0.44 (P = 0.66) 5 %
Testfor subaroun differences: Chi*= 0.13. df= 1 (P = 0.71). F= 0% CRAIUIE RENIRTBRL BRurs e

Figure 7. Subgroup analysis of failure cases. The size of eacl{§sq®
line, “no difference” point in emergence of failure cases treatid

Cls; squares, ORs; diamond, pooled OR for all g4
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Figure 8. Publication bias analysis consisted only in a funnel
plot performed by Review Manager.

patients with FN. With a small data sample, we ap-
plied Mantel-Haenszel fixed-effects for analysis. Con-

sidering treatment effect and failure rate, meropenem

potes the proportion of information given by each trial. Vertical
fom and ceftazidime plus amikacin; horizontal lines, 95%

¢ adult and children.

proved less than ideal compared with ceftazidime plus
amikacin, especially in children. In contrast, previous
studies had reported meropenem to be effective and
well-tolerated when used for the treatment of neu-
tropenic cancer children unlike most beta-lactamases
produced from gram-negative bacteria (24). Although
there was no review on the effect of meropenem versus
ceftazidime plus amikacin in this disease, this result
was still a valuable reference for clinical management.
Monotherapy does indeed possess significant advan-
tages in preventing treatment failure and giving rise to
fewer adverse effects. Researchers have suggested that
the high activity of meropenem could be explained by
its ease of entry into bacteria combining to essential
penicillin-binding proteins, including those associated
with cytolysis. Although meropenem has a broad an-
tibacterial spectrum due to stability vis-a-vis all ser-
ine-based B-lactamases, it is slightly less active against
staphylococci and enterococci (17). In this respect, a
combined therapy proves superior. In subgroup analy-



Monotherapy with meropenem versus combination therapy

15

sis, the superiority was not so significant in the case
of adults. One explanation was that a slight change in
dosage for children might have a dramatic effect on the
pharmacological action and pharmacokinetics. More-
over, it has been observed that the duration of FN is
significantly longer in patients with an absolute neu-
trophil count (ANC) of less than 100/mm?® and even
in those with an ANC of less than 200/mm?, as well
as in children who are not in remission for malignant
disease (23).

Drug-related effects like diarrhea, increase in
SGOT, SGPT and bilirubin, nausea, vomiting, ab-
dominal pain, headache, rash and vertigo are estab-
lished side effects of therapy with both methods, but
they are well tolerated. In review, the observed toxicity
in combined therapy was higher than in meropenem,
but did not lead to withdrawal from therapy.

In conclusion, the efficacy of monotherapy with
meropenem seems less than that of combined therapy
with ceftazidime plus amikacin for empirical treat-
ment of cancer patients with FN. However,
penem is safer to use with fewer adverse effe
a clinical reference, we suggest combination th
as first priority, while meropenem ma
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