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Abstract

Bacterial or fungal sepsis is one of the
leading causes of death in patients with
hematological disease. Neutropenia occurs de-
pending on the dose of chemotherapy or radio-
therapy and is considered to be an important
predictive factor for the incidence and severity
of infection in chemotherapy patients. Approxi-
mately 40% to 60% of febrile patients who
receive chemotherapy are clinically or mi-
crobiologically diagnosed with infection, while
the remaining patients are diagnosed with fever
of unknown origin and treated as such. Along
with the routine use of carbapenem antibiotics
(which mainly target Gram-negative bacteria)
in recent years, multidrug-resistant bacteria,
including methicillin-resistant Staphylococcus
aureus (MRSA), have evolved and have become
a serious clinical and social problem, however,
no specific strategy for infection control has yet
been established. For patients with

Introduction

Infections associated with neutropenic patient
following chemotherapy for hematological dis-
ease often become serious and may result in
death. Although it has been suggested that
bacterial infection plays a role in most febrile
episodes in neutropenic patients, it is often diffi-
cult to isolate and identify the pathogen.! For
patients with febrile neutropenia (FN), physi-
cians usually select antibiotics recommended by
the guidelines?~* and perform the empiric antimi-
crobial therapy, however, the possibility that
drug-resistant strains may be unintentionally

hematological disease who had fever caused by
an unknown pathogen, including febrile
neutropenic patients, we performed antimi-
crobial cycling and assessed changes over time
in the isolation rates of MRSA, Pseudomonas
aeruginosa, etc. For 448 patients admitted to our
hospital, the use of carbapenem, penicillin, fluor-
oquinolone, and cephem antibiotics (all of which
were injectable preparations) was rotated in this
order at 3-month intervals over a two-year
period (antimicrobial cycling). We concluded
that cycling of the four classes of antibiotics
used in this study was effective in patients with
fever of unknown origin, including febrile
neutropenic (FN) patients, since it could
decrease the isolation rates of MRSA and P.
aeruginosa.

Key words : antimicrobial cycling, gram-nega-
tive bacteria, methicillin-resistant Staphylococ-
cus aureus (MRSA), febrile neutropenia

selected along with the selective use of antibi-
otics cannot be ruled out. In fact, the predomi-
nant use of fourth-generation cephem and car-
bapenem antibiotics has resulted in emergence of
the drug-resistant bacteria including methicillin-
resistant Staphylococcus aureus (MRSA), pos-
ing a serious clinical problem.

On the other hand, antimicrobial cycling has
recently been highlighted as a measure to prevent
the emergence of drug-resistant bacteria, and its
efficacy has been reported, mainly in intensive
care units (ICUs) and the department of sur-
gery.® 1% Although the United States Centers for
Disease Control and Prevention (CDC) recom-
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mend antimicrobial cycling for the prevention of
drug-resistant bacteria,!’ there have been very
few reports of antimicrobial cycling in patients
with hematological disease,'>!® if any, insuffi-
cient as supporting evidence.

Thus, we performed antimicrobial cycling for
patients with hematological disease who had
fever of unknown origin, including FN patients.
Specifically, we rotated the use of four different
classes of first-line injectable antimicrobials at 3-
month intervals, repeated the cycle over two
years, and examined changes over time in the
isolation rates of MRSA, P. aeruginosa, etc. We
evaluated the efficacy of antimicrobial cycling by
comparing the 2-year study results with the
previous 6-month results of the conventional
empiric therapy without restriction on antibiotic
use, in terms of the isolation rate, and hereby
report these results.

Subjects and Methods

1) Subjects

In this study, we included patients with fever
of unknown origin, including FN patients, who
were hospitalized in the Department of
Hematology, and Rheumatology of our hospital.
Study subjects, had a neutrophil count of less
than 1,000/mm?® and an axillary temperature of
at least 37.5°C, and their fever was not due to
cancer, drugs, or graft-versus-host disease
(GVHD). We excluded patients with severe
infection and those who had undergone bone
marrow transplantation, for whom therapeutic
effect could not be expected from antibiotic use.
Since this study was performed in daily clinical
practice, we did not obtain informed consent
from the subjects.
2) Antimicrobials

The use of either tazobactam/piperacillin
(TAZ/PIPC) or sulbactam/ampicillin (SBT/
ABPC) as penicillin antibiotics was designated,
and the prescribed dose was 10 g/day. As ce-
phem antibiotics, the attending physician could
choose cefepime (CFPM) or another antibiotic
expected to be at least equivalent in efficacy,
such as ceftazidime (CAZ) and cefozopran
(CZOP), and the prescribed dose was 4 g/day.
As carbapenem antibiotics, the attending physi-
cian could choose imipenem/cilastatin (IPM/
CS), meropenem (MEPM), or panipenem/
betamipron (PAPM/BP), and the prescribed
dose was 2 g/day. As injectable fluoro-
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quinolone antibiotics, the attending physician
could choose either ciprofloxacin (CPFX) or
pazufloxacin (PZFX), and the prescribed dose
was 600 mg/day for CPFX or 1 g/day for PZFX.
Concomitant use of only one of the following
antibiotics was permitted : vancomycin (VCM :
2 g/day), amikacin (AMK : >400 mg/day), to-
bramycin (TOB: > 180 mg/day), and
gentamicin (GM: >120 mg/day) [the latter
three agents are aminoglycoside antibiotics].
Antibiotics were prescribed in line with instruc-
tions given in the insert. In principle, a three-
hour infusion period was recommended, and, a
period of antibiotic treatment was defined
within 14 days.
3) Antimicrobial cycling

We divided one year into four periods of three
months and rotated the use of the designated
antibiotics in the following order at 3-month
intervals (antimicrobial cycling). Specifically,
during the first period, a carbapenem antibiotic
(IPM/CS, MEPM, or PAPM/BP) was used
without concomitant use of other agents in
principle. During the second period, TAZ/
PIPC or SBT/ABPC was used in combination
with an aminoglycosides antibiotic (AMK, TOB,
or GM). During the third period, an injectable
fluoroquinolones (CPFX or PZFX) was used
without concomitant use of other agents in
principle. During the fourth period, a cephems
(CPFM, CAZ, CZOP, or another agent) was
used without concomitant use of other agents in
principle. We have determined the order of
administration of antibiotics relative to the fre-
quency of prescriptions and antibacterial spec-
trum. In case of insufficient efficacy was found
during the first three days after the start of single-
agent therapy, an aminoglycoside antibiotic
(AMK, TOB, or GM) was added to the car-
bapenem or cephem antibiotic during the Ist or
4th period, or VCM was added to the injectable
fluoroquinolone antibiotic during the 3rd
period. The study period was two years from
February 2004 to January 2006, and these antibi-
otics were rotated four times per year over the
two-year period.
4) Duration of the treatment

In principle, all patients received any type of
antibiotics (alone or in combination) for at least
three days, however, if the neutrophil count
returned to the normal range along with the
disappearance of all signs and symptoms of
infection, the treatment was discontinued. In



Clinical effect of antimicrobial cycling

case of acute exacerbation of any sign or symp-
tom or any adverse drug reaction (accompanying
symptom or laboratory abnormality), the treat-
ment was discontinued immediately at the discre-
tion of the physician.
5) Clinical efficacy assessment

Maximum temperature, white blood cell
(WBC) differential count, and C-reactive protein
(CRP), blood urea nitrogen (BUN), and serum
creatinine were measured before and 4 and 7
days after the start and at the end of treatment, as
a rule. Clinical efficacy was comprehensively
assessed on the following 4-point scale, based on
outcome after the last antibiotic administration.
The therapy was assessed as very effective, if fever
subsided to 37°C or lower within four days after
start of the treatment, and the afebrile state was
sustained for at least three days with improve-
ment of symptoms. The therapy was assessed as
effective, if the fever subsided to 37°C or lower
within seven days after the start of treatment, and
the afebrile state was sustained for at least three
days with improvement of symptoms. The ther-
apy was assessed as slightly effective, if a body
temperature of <37.5°C was observed for at least
two days during the first four days after the start
of treatment, and the fever subsided to 37°C or
lower within seven days after start of the treat-
ment with improvement of symptoms. The ther-
apy was assessed as ineffective, if fever did not
subside within seven days after start of the treat-
ment, with no improvement of or aggravation of
symptoms. The therapy was assessed as indeter-
minate, if the treatment effect was offset by the
effect of an underlying disease, making it diffi-
cult to assess efficacy, if treatment was dis-
continued due to an adverse drug reaction, or if
the patient died. The efficacy rate was calculated
by dividing the numbers of very effective +
effective cases assessed at the end of treatment by
the total number of cases.
6) Study of isolated microorganisms

Blood, sputum, urine, etc. were collected from
each subject, and blood culture and surveillance
culture were performed. Isolated microorgan-
isms (bacteria, fungi, etc.) were identified regard-
less of whether they were causative pathogens or
not. Antimicrobial susceptibility testing was
performed in accordance with the Clinical Labo-
ratory Standards Institute (CLSI) method (for-
merly, the National Committee for Clinical
Laboratory Standards (NCCLS) method), and
the level of resistance was classified as [R (resis-

tant)], [I (intermediate)], or [S (susceptible)].
In this study, MRSA, Serratia spp., P. aer-
uginosa (including drug-resistant P. aeruginosa),
Stenotrophomonas maltophilia, and
Acinetobacter spp. were analyzed as potentially
drug resistant pathogens..

Results

1) Patient baseline characteristics

Table 1 shows patient baseline characteristics.
In the first year, the number of patients assessed
during each 3-month period ranged from 43 to
82, and a total of 253 patients were included in
this study. The mean age ranged of the patients
from 59.8 to 66.0 years and the mean perfor-
mance status (PS) was from 0.8 to 1.1. Acute
myeloid leukemia (AML), lymphoma, and non-
hematological disease were common underlying
diseases during all of the four periods. In the
second year, the number of patients assessed
during each period ranged from 27 to 64, and a
total of 195 patients were included in this study.
The mean age ranged from 51.9 to 63.0 years,
indicating that patients assessed in the second
year tended to be younger than those in the first
year. The mean PS, on the other hand, ranged
from 0.9 to 1.0, with little change from the first
year. As underlying diseases, AML and non-
hematological disease were as common as in the
previous year, but the prevalence of lymphoma
varied from one period to another in the second
year (Table 1).
2) Compliance rates to the protocol-specified
antibiotics for cycling

Table 2 shows compliance rates to the proto-
col-specified antibiotics for cycling. In the first
year, adherence rates to the protocol-specified
antibiotics were high during all periods, ranging
from 94% to 100%. Single-agent use rates, i.e.,
ratio of patients who used a carbapenems, ce-
phems, or injectable fluoroquinolone antibiotic
alone, ranged from 76% to 90%, and the ratio of
patients who used a penicillins concomitantly
with an aminoglycoside antibiotic (or concomi-
tant use rates) was 82%. In the second year, the
adherence rates ranged from 63% to 92%, lower
than during all periods of the first year. During
the 3rd period, in particular, the adherence rate
to an injectable fluoroquinolone antibiotic was
markedly lower in the second year. The concom-
itant use rates tended to increase in the second
year, except when cephem antibiotics were used
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Table 1  Patient baseline characteristics

It Year

2" Year

15t Period 2"¢ Period 3™ Period 4% Period 15t Period 2" Period 3™ Period 4™ Period

Antimicrobials carbapenem penicillin quinolone

cephem carbapenem penicillin quinolone cephem

Number of 82 66 83
Patients

51(62 43(65 26(60
Male/Female (62)/ (65)/ (60)/

31(38) 23(35) 17(40)

62 58 46 27 64

31(50)/  37(64)/  28(60)/  17(63)/  40(63)/
31(50)  21(36)  18(40)  10(37)  24(38)

Age (mean) 62.1 59.8 63.1 66.0 61.1 51.9 57.2 63.0

Performance 0.8 0.9 0.8 11 0.9 1.0 0.9 1.0

Status (mean)

Underlying Disease
AML 12(15) 11(17) 12(28) 10(16) 13(22) 11(24) 4(15) 9(14)
ALL 8(10) 7(11) 2(5) 1(2) 2(3) 2(4) 1(4) 3(5)
CML 5(6) 3(5) 1(2) 1(2) 2(3) 3(7) 0 1(2)
CLL 0 1(2) 0 1(2) 0 0 0 0
ATL 3(4) 1(2) 2(5) 3(5) 1(2) 0 1(4) 1(2)
Lymphoma 10(12) 15(23) 11(26) 15(24) 3(5) 3(7) 8(30) 18(28)
MDS 5(6) 6(9) 3(7) 4(6) 47) 37 1(4) 7(11)
MM 5(6) 4(6) 5(12) 4(6) 3(5) 1(2) 0 4(6)
AA 3(4) 2(3) 0 0 0 1(2) 2(7) 0
Hematological =, ) 102) 2(5) 1(2) 2(3) 24) 0 23)
Disease
Non-
hematological ~ 29(35) 15(23) 5(12) 22(35) 28(48) 20(47) 10(37) 19(30)
Disease

Comments corrected corrected corrected corrected corrected

Please confirm

()%

Table 2  Compliance rates with the protocol-specified antibiotics

1t Year

2nd Year

15t Period 2" Period 3™ Period 4% Period 15t Period 2"¢ Period 3™ Period 4% Period

Antimicrobials carbapenem penicillin quinolone

cephem carbapenem penicillin quinolone cephem

Compliance

100 96 94
Rate (%)
Single Use Rate

90 18 76
(%)
Concomitant 10 % 24

Use Rate (%)

96 92 81 63 89
80 76 6 38 83
20 34 94 62 17

during the 4th period (Table 2).
3) Occurrence of infection

Table 3 shows the occurrence of infection. In
the first year, the number of patients diagnosed
with infection during each 3-month period ran-
ged from 19 to 66. The incidence of infection
was highest (80%) during the Ist period and
lowest (30%) during the 2nd period. No specific
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tendency was found in type of infection during
any period. In the second year, the number of
patients diagnosed with infection during each
period ranged from 11 to 51. The incidence of
infection was highest (88%) during the st period
and lowest (41%) during the 3rd period. No
specific tendency was found in the type of infec-
tion during any period, throughout first and the
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Table 3  Occurrence of infection

1t Year 2" Year

15t Period 2"¢ Period 3™ Period 4% Period 15t Period 2" Period 3™ Period 4™ Period

Antimicrobials carbapenem penicillin quinolone cephem carbapenem penicillin quinolone cephem

Inci f
nude'nce o 30 30 44 40 88 59 4] 69
Infection Rate*

Name of Infection
Unknown** 24(36) 15(75) 6(32) 8(32) 24(47) 12(44) 4(36) 7(16)

Respiratory 12(18) 1(5) 0 3(12) 5(10) 3(11) 2(18) 9(20)
Oral cavity 6(9) 2(10) 6(32) 4(16) 9(18) 4(15) 0 8(18)
GI tract 9(14) 0 0 2(8) 12) A7) 0 5(11)
Sepsis 10(15) 2(10) 7(37) 6(24) 6(12) 3(11) 3(27) 9(20)
Others 5(8) 0 0 2(8) 6(12) 3(11) 2(18) 6(14)
Total 66 20 19 25 51 27 11 44

*Number of patients diagnosed with infection/Number of total admitted patients in the periods X 100 (%)
**Unknown : undetermined infected focus

Others include, nasal cavity, urinary tract,. aspirate fluid, and wounded area.,

( ):%

Table 4  Clinical efficacy

I8t Year 2nd Year

It Period 2" Period 3™ Period 4% Period 1% Period 2"¢ Period 3¢ Period 4" Period

Antimicrobials carbapenem penicillin quinolone cephem carbapenem penicillin quinolone cephem

Clinical Efficacy

Excellent 15 13 6 16(6) 11 9 4 14
Effective 4 6 4 6(1) 4 5 1 4
Slightly

8 1 2 3(1 4 2 3 3

Effective )

Poor 6 4 7 9(0) 11 5 3 9
Total 33 24 19 34(8) 30 21 11 30
Efficacy Rat

fcacy Rate 58 79 53 65(88) 50 67 46 60
(%)

Duration of

Neutropenia 5.2 4.8 7.8 6.4(2.6) 6.9 6.1 8.6 6.4

(days)

Change/

Concomitant of 6 4 9 12(2) 15 21 7 17

Agent

Administration

of Additional 7 5 8 16(4) 9 10 4 12

Antimicrobials

Mortality Rat

((;)’r ality Rate 49 40 41 49 25 33 5 43
0

() : Treatment efficacy by administration of CFPM

second years. The annual (average) incidence of 4) Clinical efficacy

infection in the second year was higher (68.2% ; Table 4 shows the clinical efficacy rates of
133/195 patients) than that in the first year antimicrobial cycling. Clinical efficacy rates
(51.4% ; 130/253 patients) (Table 3). during each period of the first year ranged from
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53% to 79%. The clinical efficacy rate was
highest during the 2nd period (penicillin-treat-
ment period) and lowest during the 3rd period
(p<0.005). The duration of neutropenia was 4.8
to 7.8 days. Recovery from neutropenia was
most rapid during the 2nd period (penicillin-
treatment period), during which the highest effi-
cacy rate was achieved. Recovery was slow
during the 3rd period (fluoroquinolone-treat-
ment period), during which the efficacy rate was
lowest. Mortality rates ranged from 40% to 49%,
with no significant differences among the
periods. In the second year, efficacy rates ranged
from 46% to 67%, lower than in the first year.
Efficacy rate tended to be high during the 2nd
period and low during the 3rd period, as the first
year. The duration of neutropenia was 8.6 days
during the 3rd period, with the slowest recovery.

Table 5
resistant bacteria)

During the other periods, it ranged from 6.1 to
6.9 days, with little difference in the speed of
recovery. Mortality rates ranged from 25% to
52%, with greater differences among the periods
in the second year than in the first year and 55%
of death was related with infection (Table 4).
5) Isolation of microorganisms

Table 5 shows changes over time in the isola-
tion rates of PDR pathogens during this antimi-
crobial cycling. In the first year, the number of
strains isolated during each period ranged from
140 to 258. The isolation rates of Gram-positive
bacteria ranged from 47.5% to 63.6%, which were
higher than those of Gram-negative bacteria
(32.9% to 44.7%), except for the 2nd period. The
isolation rates of MRSA ranged from 22.3% to
36.4%, which were the highest among all of the
target species during all periods. The isolation

Isolation of potentially drug-resistant (PDR) pathogens (Isolation status of target species including

Control

ISt Year

2" Year

Period

1t Period 2 Period3™ Period 4 Period 1%t Period 2°¢ Period 3™ Period 4™ Period

(6 months)

carbapenem penicillin quinolone cephem carbapenem penicillin quinolone cephem

Gram-positive B]acteria
Staphylococcus

ND  93(36.0) 43(24.0) 64(25.7) 52(37.1) 69(37.1) 20(18.5) 21(25.6) 37(40.2)

aureus —
MRSA 176(36.8)
Coagulase negative

81(31.4) 40(22.3) 62(24.9) 51(36.4) 59(31.7) 15(13.9) 19(23.2) 34(37.0)
ND  29(11.2) 19(10.6) 25(10.0) 13(9.3) 22(11.8) 17(15.7) 14(17.1) 12(13.0)

Staphylococcus
MRSE ND 20(7.8) 13(7.3) 17(6.8) 8(5.7) 10(5.4) 13(12.0) 7(8.5) 6(6.5)
Enterococcus spp. ND 7(2.7)  13(7.3) 26(10.4) 17(12.1) 17(9.1) 11(10.2) 8(9.8) 9(9.8)
Others ND 8(3.1) 10(5.6) 8(3.2) 7(5.0) 2(1.1) 6(56) 6(7.3) 3(3.3)
Subtotal 137(53.1) 85(47.5) 123(49.4) 89(63.6) 110(59.1) 54(50.0) 49(59.8) 61(66.3)

Gram-negative bacteria

Serratia spp. ND 1(0.4) 1(0.6) 1(04) 0  2L1) 0 0 443)
Pseud
seudomonas 112(23.4)  47(18.2) 48(26.8) 37(14.9) 10(7.1) 16(8.6) 25(23.1) 9(11.0) 16(17.4)
aeruginosa
D istant
THETENSHIE 0 u(5.0)  19(7.4)  422)  15(6.0) 9(64) 6(32) 6(56) 3(37)  5(54)
P. aeruginosa
Stenotrophomonas ND 6(23)  3(17) 10(40) 4(29) 189.7) 43.7) 1(12) 222
maltophilia —
Acinetobacter spp. ND 3(12)  4(22) 9(3.6) 2(14) 738) 219 1(12) 0
Others ND  34(13.2) 24(13.4) 29(11.6) 30(21.4) 26(14.0) 18(16.7) 7(8.5)  6(6.5)
Subtotal ND  91(35.3) 80(44.7) 86(34.5) 46(32.9) 69(37.1) 49(45.4) 18(22.0) 28(30.4)
Fungi (Yeast) ND  30(11.6) 14(7.8) 40(16.1) 5(3.6) 7(3.8) 5(46) 14(17.1) 3(3.3)
Others ND 0 0 0 0 0 0 1(12) 0
Total 258 179 249 140 186 108 82 92

*imipenem, meropenem, cefipime, amikacin resistant
ND : not done
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rate of P. aeruginosa (7.1% to 26.8%), which was
the second highest among the target species,
varied from one period to another and was
lowest during the 4th period and highest during
the 2nd period. Regarding other PDR, i.e.,
Serratia spp., drug-resistant P. aeruginosa,
Acinetobacter spp., and S. maltophilia, no spe-
cific tendency was determined, since the absolute
numbers of strains isolated during each period
were small. Compared with the 6-month control
period before the start of cycling, during which
no restriction was placed on antibiotic use, the
isolation rates of MRSA during the 2nd and 3rd
periods were significantly low (both p<0.005).
The isolation rates of P. aeruginosa were also
lower during the 1st, 3rd, and 4th periods than
during the control period. In the second year,
the number of strains isolated during each period
ranged from 82 to 186, and the number of iso-
lated strains was greatest during the Ist period.
The isolation rates of Gram-positive bacteria
ranged from 50.0% to 66.3%, which were higher
than the isolation rates of Gram-negative bacte-
ria during the Ist, 3rd, and 4th periods (22.0% to
45.4%), as was the case with the first year. The
isolation rates of MRSA ranged from 13.9% to
37.0%, which varied greatly from one period to
another and were lowest during the 2nd period
and highest during the 4th period. The isolation
rates of P. aeruginosa ranged from 8.6% to 23.1%,
which varied greatly from one period to another
and were lowest during the Ist period and high-
est during the 2nd period. Regarding other
target species (Serratia spp., drug-resistant P.
aeruginosa, Acinetobacter spp., and S. malto-
philia), no specific tendency was determined, as
in the first year, since the absolute numbers of
strains isolated during each period were small.
The isolation rates of MRSA during the 2nd and
3rd periods were significantly lower than during
the control period, as in the first year (both p<
0.005). The isolation rates of P. aeruginosa
during the 1st and 3rd periods were also lower
than during the control period (Table 5).

Discussion

Neutropenia is one of the most important risk
factors for the development of infection in
patients with hematological disease. In general,
if the neutrophil count is less than 500/mm?, the
patient is at risk for infection, and if it decreases
to 100/mm?, the risk of severe infection is said to

further increase'®. Since it is rare for the path-
ogen to be isolated and identified in patients
who have developed infection in a neutropenic
state, empiric therapy is often employed by
physicians, usually using fourth-generation ce-
phem antibiotics or carbapenem antibiotics as
first-line drugs'®'®. Since the major pathogen of
sepsis in patients with hematological disease is P.
aeruginosa, we selected penicillin, cephem, car-
bapenem, and injectable fluoroquinolone antibi-
otics, all of which have potent antimicrobial
activity against P. aeruginosa, and performed
antimicrobial cycling at 3-month intervals.
Efficacy rates during the four periods ranged
from 53% to 79% in the first year and from 46% to
67% in the second year. Tamura et al.'” reported
that the efficacy rate of CFPM in FN patients on
Day 7 was 50.5% in an empirical study of clinical
guidelines for FN treatment in Japan. Sugiyama
et al.’® reported that the efficacy rates of MEPM
in FN patients were 51.9% to 65.3%. It may not
be appropriate to simply compare our results
with their results due to differences in patient
baseline characteristics, but we believe that the
efficacy results of antimicrobial cycling in our
study, although they varied from one period to
another, were not inferior to those reported by
Tamura et al.!'” and Sugiyama et al.!®* Based on
the results of this study, we consider that penicil-
lin antibiotics (TAZ/PIPC or SBT/ABPC in
combination with an aminoglycoside antibiotic)
and injectable fluoroquinolone antibiotics will
also be promising for the treatment of fever
caused by an unknown pathogen in FN patients.
In this study, efficacy rates in the second year
tended to be lower than in the first year. This
was probably because adherence rates to the
specified antimicrobials decreased in the second
year. In both the first and second years, the
clinical efficacy rate during the 2nd period (peni-
cillin-treatment period) tended to be higher than
during other periods. This was probably because
the duration of neutropenia was short during the
2nd period.

It has been reported that as the pathogen of
sepsis in FN patients with hematological disease,
a shift from Gram-negative to Gram-positive
bacteria has occurred in recent years.!® In a
survey performed by our department, Gram-neg-
ative bacteria were more frequently isolated as
the pathogen from patients with bacteremia/fun-
gemia than Gram-positive bacteria between 1985
and 1996, but we observed an apparent decrease
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in the isolation rates of Gram-negative bacteria
along with a tendency toward increase in the
isolation rates of Gram-positive bacteria between
1997 and 2002. We have previously reported that
Gram-negative bacteria are still predominant
among strains isolated from blood cultures of
general-ward patients, while Gram-positive bac-
teria are predominant among strains isolated
from blood culture of patients with
hematological disease.2’ It was confirmed in this
study that the i1solation rates of Gram-positive
bacteria were higher than those of Gram-nega-
tive bacteria. One of the reasons for this is
considered to be that carbapenem and fourth-
generation cephem antibiotics with potent
antimicrobial activity against Gram-negative
bacteria are routinely used in FN patients.
During the 2nd period (penicillin-treatment
period), the difference between the isolation rate
of Gram-positive bacteria and Gram-negative
bacteria was found to be small in both the first
and second years. This was probably because
both Gram-positive and Gram-negative bacteria
could be covered by the combination of a peni-
cillin antibiotic and an aminoglycoside antibi-
otic. The isolation rates of MRSA, one of the
target species, during the Ist (carbapenem) and
4th (cephem) periods did not significantly differ
from that during the control period (with no
restriction on antibiotic use). During the 2nd
(penicillin) and 3rd (injectable fluoroquinolone)
periods, however, the isolation rates of MRSA
decreased. In addition, the isolation rate of P.
aeruginosa during the 2nd (penicillin) period
did not significantly differ from the control
period, while those during the other three
periods significantly decreased. Regarding other
target species, including drug-resistant P. aer-
uginosa, no specific tendency was identified
since the absolute number of strains isolated was
small for each species. An increase in the preva-
lence of infection by MRSA and P. aeruginosa
(including drug-resistant strains) is a serious
problem with a great impact on patient survival
in the field of hematological disease as well. The
results of our study suggested that antimicrobial
cycling was effective in FN patients with
hematological disease in that it can prevent the
emergence of such PDR patogens. Ikegaya et
al.!® performed retrospective analysis of the effi-
cacy of antimicrobial cycling in FN patients
with hematological disease and reported an
increase in the efficacy rate, shortening of the
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febrile period, and decrease in the detection rate
of resistant strains. This report and our study
results suggest that antimicrobial cycling is effec-
tive in FN patients with hematological disease,
while Dominguez et al.'? have reported that
antimicrobial cycling is not effective in the field
of hematological disease.

Antimicrobial cycling has been studied wide-
ly, mainly in surgical and ICU settings, in Japan
and elsewhere. There have been many reports
that it decreased the incidence of infection and
decreased the emergence of drug-resistant bacte-
ria, suggesting its efficacy.~'°® There are some
reports, however, that antimicrobial cycling is
not effective.?’~2¢ We consider that such differ-
ences in efficacy results were caused by differ-
ences in the baseline characteristics of patients
assessed and various conditions of cycling, such
as the type (class) and number of antimicrobials
used, rotation period, and rotation sequence.

In recent years, the variety of diseases
hematologists must treat has tended to expand-
ing, not only leukemia but also malignant
lymphoma and multiple myeloma, and the range
of age of patients has also been increasing. As a
consequence, selective use of potent antimi-
crobials and long hospital stay, as observed
today, will certainly continue for years to come.
To succeed in antimicrobial chemotherapy, phy-
sicians should perform appropriate “target treat-
ment” only after isolation and identification of
the pathogen and measurement of its susceptibil-
ity, so that the effectiveness of the antimicrobial
used can be maximized in terms of its pharmaco-
kinetics/pharmacodynamics (PK/PD) and
mechanism of action. However, if it is difficult
to isolate and identify the pathogen, as is often
the case with FN patients with hematological
disease, we believe that “empirical treatment”
with antimicrobial cycling is meaningful in
preventing the emergence of drug-resistant bacte-
ria. Based on the results of this study, we have
found that the following issues remain to be
addressed, and that further research is warrant-
ed : 1) the clinical efficacy rate and other param-
eters should be reassessed by changing the order
of use of antimicrobials and especially by alter-
nating the use of antimicrobials with different
mechanisms of action ; 2) whether we should use
two classes of antimicrobials or more than two
classes ; 3) whether we can change the length of
a cycling interval mid-course ; and 4) whether it
is acceptable to introduce injectable fluoro-
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quinolone antibiotics into empirical therapy.
We believe that after solving these issues, one by
one, by further research, we can establish evi-
dence for the efficacy of antimicrobial cycling in
the field of hematological diseases.
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