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Cancer chemotherapeutic agents and antibacterial antibiotics are often given
concomitantly. Daunorubicin, cytosine arabinoside, and three antibiotics (genta-
micin, amikacin, and ticarcillin) were tested individually and in combinations to
determine their antimicrobial activity against Pseudomonas aeruginosa, Kle,6-
siella pneumoniae, and Escherichia coli. These cytotoxic agents are commonly
employed in the therapy of acute nonlymphocytic leukemiA for remission induc-
tion therapy, and these antimicrobial agents are used in infection therapy. The
maximum concentrations of the two cytotoxic drugs were chosen to be twice the
known peak plasma levels of commonly employed dosage schedules. Neither of
the cancer chemotherapeutic agents, alone or in combination, demonstrated
bactericidal activity at the levels tested. However, in the presence of these agents,
the antimicrobial activity of gentamicin and amikacin, although not that of
ticarcillin, was depressed for 11 of 15 K. pneumoniae strains and 8 of 15 P.
aeruginosa strains, but for none of the strains of E. coli. This level of decreased
activity occasionally resulted in a minimal inhibitory concentration of the tested
aminoglycoside well above the standard serum levels. Daunorubicin was more
likely to antagonize gentamicin than was cytosine arabinoside.

Patients with advanced cancer, especially
those with acute leukemia who have been ren-
dered granulocytopenic by their disease or ther-
apy, are unusually susceptible to infection (2, 5,
9, 13, 21). Gram-negative bacilli are the etiolog-
ical agents in most of these infections, i.e., 70%
(13) to 80% (2); Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa are
predominant among these causative agents (2,
21). Empiric antimicrobial regimens, often com-
binations of aminoglycosides, penicillin, and/or
cephalosporin, directed against the predominant
infectious agents are often used therapeutically
in granulocytopenic patients (8, 11, 17, 20, 25).
Certain of these combinations have been shown
to be synergistic (12, 19, 22-24) or antagonistic
(14) in vitro.
A possible influence on infectious microbial

flora of patients with neoplasms is the cytotoxic
agents used in their chemotherapeutic regimens.
Methotrexate, cytosine arabinoside (AraC), 6-
mercaptopurine, and cyclophosphamide have all
been shown to have antimicrobial activity
against K. pneumoniae and E. coli, but not
against P. aeruginosa (7); methotrexate has also
been shown to have activity against group A
streptococci (16). Whereas such preferential in-

hibition of patient flora by cytotoxic agents
might help to explain why an unaffected micro-
organism such as P. aeruginosa is associated
with a high infection rate, the fact that inhibi-
tory concentrations of these drugs in vitro were
higher than levels generally achievable in the
blood after infusion (3, 4, 10) should preclude
this possibility. Therefore, the current study was
undertaken, first to determine if two cytotoxic
agents commonly used for the treatment of leu-
kemia exhibit antimicrobial activity at readily
achievable serum levels when tested against
those bacteria that most frequently cause infec-
tion in granulocytopenic cancer patients, and
second to determine whether these agents exert
any effect on the antimicrobial activity of some
of the antibiotics most often used to treat infec-
tions in these patients.

MATERIALS AND METHODS
Bacteria. Microorganisms in this study were re-

covered from clinical specimens collected from pa-
tients at the Baltimore Cancer Research Center. Fif-
teen strains each of P. aeruginosa and K. pneumoniae
and 14 strains of E. coli were used as test organisms.
To ascertain the effects of the cytotoxic agents and
the antibiotics on bacterial strains of varying suscep-
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tibilities, test strains were selected which ranged from
susceptible to resistant as determined by disk suscep-
tibility testing.
Cancer chemotherapeutic agents and antibi-

otics. Based on their current utilization at the Balti-
more Cancer Research Center, the cytotoxic agents
daunorubicin (DNR) and AraC, in the injectable form
used for patient therapy, were selected to be tested
individually and in combination with each other for
their antimicrobial activity against the test bacteria.
In addition, DNR and AraC were each combined with
three antibiotics (amikacin, gentamicin, and ticarcil-
lin) commonly used in therapeutic regimens to deter-
mine their effect on the antimicrobial activity of these
antibiotics.

Susceptibility testing methods. Minimal inhibi-
tory concentrations (MICs) of the antibiotics and/or
chemotherapeutic agents were determined by the mi-
crotiter technique of MacLowry et al. (15). Combined
activity of an antibiotic and a chemotherapeutic agent
was evaluated by a checkerboard titration technique.
Serial twofold dilutions of the antimicrobial agents in
volumes of 50 pl per well were made in Mueller-Hinton
broth. The concentration of gentamicin and amikacin
ranged from 96 to 0.48 Ag/ml, and that of ticarcillin
ranged from 6,400 to 3.13 ,g/ml. Serial twofold dilu-
tions of DNR and AraC were prepared in Mueller-
Hinton broth in test tubes (17 by 100 mm); concentra-
tions of the DNR were 4 to 0.125 ,g/ml, and those of
AraC were 3.2 to 0.1 ,ug/ml. The various dilutions of
these cytotoxic agents were then added in constant
volumes of 25 pl of the previously serially diluted
antibiotics.

Bacteria that had been grown overnight in Mueller-
Hinton broth at 37°C were adjusted to a McFarland
no. 3 standard, and 25 p1 of the resultant suspension
was added to each well. Those control wells that
received only antimicrobial agents or cancer chemo-
therapeutic agents and bacterial suspension were ad-
justed to a final volume of 100 p1 by the addition of
Mueller-Hinton broth. The final concentrations of the
antimicrobial agents were: gentamicin and amikacin,
24 to 0.011 pug/ml; ticarcillin, 1,600 to 0.75 pg/ml. Final
concentrations of DNR were 0.8 to 0.025 pAg/nil and of
AraC, 1 to 0.032 ,ug/ml. The highest concentrations of
the cytotoxic agents whenever possible were based
upon achievable blood levels (1, 10).
The microtiter plates then were rotated on a flat

surface to ensure that adequate mixing of the contents
had occurred, sealed with a self-adhesive sheet, and
incubated at 37°C for 24 h. The lowest concentration
of combined agents which prevented visible turbidity
was recorded as the MIC.
To compare the antibacterial effects of the antibi-

otip-chemotherapeutic agent combination on orga-
nisms of varying susceptibilities to the antibiotic alone,
the fractional inhibitory concentration (FIC) of drug
against each organism was determined as defined by
Elion et al. (6). The FIC is the ratio of the MIC of a
drug in combination to the MIC of the drug alone.
When the FIC is equal to or less than 0.25, synergy is
suggested, and when the FIC is equal to or greater
than 4, antagonism is suggested.

Statistical analysis. Linear regression analyses
were done by a computerized statistical program. The

regression coefficients for the cytotoxic agents and the
antibiotics were compared by the test statistic: t = (b,
- b2)/2(Sb, - b2). A value equal to or less than 0.05 was
considered a significant difference.

RESULTS

Antimicrobial activity of cancer chemo-
therapeutic agents. DNR and AraC, either
alone or in combination, exerted no antimicro-
bial activity against K. pneumoniae, E. coli, or
P. aeruginosa at the highest levels tested.
Antimicrobial activity of antibiotics in

the presence of AraC and DNR. The MICs
of gentamicin against the strains of E. coli
ranged from 0.09 to 6 ,tg/ml; those against P.
aeruginosa, from 0.011 to >24 ,ug/ml; and those
against K. pneumoniae, from 0.023 to >24 ,tg/ml.
MICs of amikacin against the three species
ranged from 6 to >24 ,Lg/ml, 0.75 to >24 ,tg/ml,
and 1.5 to >24 ,ug/ml, respectively. Ticarcillin
MICs ranged from 3.12 to >1,600 ,ug/ml for E.
coli, from 12.5 to 1,600 ,ug/ml for P. aeruginosa,
and from 200 to >1,600 Ag/ml for K. pneumo-
niae.
The effect of the addition of AraC and DNR

on the MICs of gentamicin against the three
bacterial species is shown in Fig. 1. Both AraC
and DNR exerted an antagonistic effect on the
susceptibility of the K. pneumoniae strains to
gentamicin that was directly related to the con-
centration of the cytotoxic agent. Antagonism
against K. pneumoniae was demonstrated even
at the lowest concentration of DNR and AraC
tested. Consequently, the rates at which the
concentrations of the cytotoxic agents affected
the mean FICs for K. pneumoniae were signifi-
cantly greater than for the effects on P. aerugi-
nosa (P < 0.001) and E. coli (P < 0.001).
The effect of the chemotherapeutic agents on

amikacin MICs for P. aeruginosa and K. pneu-
moniae could not be considered antagonistic as
defined by our criteria (Fig. 2). Nor was the
antimicrobial activity of ticarcillin affected by
the two agents (Fig. 3).
The mean FIC against each strain of the three

species, P. aeruginosa, K. pneumoniae, and E.
coli, was determined, and the mean FIC against
each species was then found by dividing the sum
of the mean FICs against each strain by the total
number of each species tested. These FICs and
their standard deviations are shown in Table 1.
The addition of the two cancer chemothera-
peutic agents to ticarcillin did not alter the sus-
ceptibility of any species to this antibiotic, nor
did these additions affect the MICs of either
aminoglycoside tested against E. coli. However,
as previously mentioned, when the immunosup-
pressive agents were added to gentamicin and
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only at higher concentrations of the cytotoxic
agents. Usually the combination of either cyto-
toxic agent with amikacin resulted in only four-
fold increases in the MICs. However, when there
were three or more cytotoxic agent concentra-
tions in which the MIC was eight or more fold
greater than the MIC of the antibiotic alone, the
mean FIC for the strain was equal to or greater
than 4, which indicated an overall antagonistic
effect. Such antagonism was shown for eight K.
pneumoniae strains and one P. aeruginosa
strain by DNR and gentamicin, whereas AraC
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FIG. 2. Effect of AraC and DNR on the suscepti-
bilities of three microbial species to amikacin.
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FIG. 1. Effect of AraC and DNR on the suscepti-

bilities of three microbial species to gentamicin.

tested against K. pneumoniae, antagonistic ac-
tivity was demonstrated. As the rather large
standard error for P. aeruginosa and gentamicin
with the cytotoxic agents would indicate, there
were occasional individual strains of P. aerugi-
nosa that required an MIC that was increased
by fourfold or higher in the presence of the
combined drugs over the MIC in the presence of
the antibiotic alone.

In Table 2 are shown those individual strains
(11 K. pneumoniae and 8 P. aeruginosa) for
which one or more concentrations of the cyto-
toxic agent, when combined with an aminogly-
coside, caused fourfold or greater increases in
the MICs over those obtained with antibiotics
alone. The antagonism was often demonstrated
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bilities of three microbial species to ticarcillin.
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TABLE 1. Mean FICs of three antibiotics tested in combination with AraC or DNR
against three bacterial species

Mean FIC'
Species

Amikacin Gentamicin Ticarcillin

P. aeruginosa
DNR 1.23 ± 0.08 2.08 ± 0.67b 1.05 ± 0.07
AraC 1.44 ± 0.17 1.68 ± 0.36b 1.22 ± 0.10

K. pneumoniae
DNR 1.41 ± 0.10 5.79 ± 1.69 1.0 ± 0.01
AraC 1.43 ± 0.19 4.35 ± 1.26 0.98 ± 0.01

E. coli
DNR 1.21 ± 0.01 1.58 ± 0.21 1.04 ± 0.07
Arac 1.31 ± 0.11 1.42 ± 0.14 1.09 ± 0.06

a Average FIC for a strain/total number of bacterial strains tested, ± standard error.
'Rare individual strains had two or more dilutions in which the MIC was four or more fold greater in the

presence of cytotoxic agents than the MIC of the antibiotic alone.

TABLE 2. Strains of K. pneumoniae and P. aeruginosa which showed changes in MIC when
aminoglycosides were combined with cytotoxic aentsa

Gentamicin Amikacin
Organism

MIC (pug/ml) DNR AraC MIC (tg/m1) DNR AraC

K. pneumoniae
5982 0.02 A A 1.5 I I
2840 0.09 A A 1.5 I I
7106 0.09 A I 6.0 -
6976 0.09 A A 3.0 - -
4375 0.01 A A 1.5 I I
3886 0.09 A I 3.0 (I) -
9641 0.18 A I 6.0 (I) -
8689 0.18 A I 12.0 - -

2692 0.37 I I 6.0 - -

5143 0.05 I I 6.0 - -

6482 0.18 I I >24.0 - -

P. aeruginosa
5477 0.37 A I 12.0 - -

5424 0.37 - A >24.0 - -
5487 0.37 I I >24.0 - -
6323 0.18 I I 0.75 I I
6322 0.37 I - 3.0 - (I)
6324 0.01 - I 0.75 - I
6307 >24.0 - - 6.0 - (I)
5516 3.0 (I) - >24.0 - -
a A, Three or more dilutions in which the MIC was eight or more fold greater than the MIC of the antibiotic

alone. I, No more than two dilutions in which MIC was four- to eight-fold greater than the MIC of the antibiotic
alone. -, MIC same as MIC of antibiotic only. Parentheses indicate that MICs were above clinically achievable
serum levels, and hence the strain was resistant.

and gentamicin were antagonistic for four of the
eight K. pneumoniae strains and for another P.
aeruginosa strain. No such antagonism was
noted with the amikacin-cytotoxic agent com-
bination. In most instances, the increase in MIC
did not alter the susceptibility of the strain to
the point that it was resistant to the antibiotic.

However, two strains of K. pneumoniae and
three strains of P. aeruginosa had MIC ranges
above clinically achievable serum levels, and
hence were termed resistant, as a result of the
DNR- or AraC-antibiotic combination.
On the whole, when gentamicin and DNR

were antagonistic for a strain, the AraC combi-
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nation was also antagonistic for that strain; an-
tagonism with one agent, but not the other, was
noted with only four strains of P. aeruginosa.

DISCUSSION
Two of the most frequently used cancer

chemotherapeutic agents for the treatment of
acute nonlymphocytic leukemia, when com-
bined at levels clinically achievable in serum
with gentamicin or amikacin, exerted antagonis-
tic activity against some strains of K. pneumo-
niae and P. aeruginosa, but not against E. coli;
the same concentrations of the agents did not
affect the antimicrobial activity of ticarcillin
against these species. The findings would seem
to indicate that the administration of these
chemotherapeutic agents to patients with ad-
vanced cancer, who are receiving either of the
aminoglycosides could interfere with effective
therapy against K. pneumoniae or P. aerugi-
nosa infection. The magnitude of antagonism
was usually insufficient, however, to raise the
MICs of the antibiotics above the clinically
achievable serum levels, although in five in-
stances, antagonism was sufficient to yield a
resistant MIC. Whether the effect of these
agents is upon the bacteria or upon the antibiotic
is not known.
DNR is an agent that is capable of intercalat-

ing into DNA, and AraC is a pyrimidine analog
that can become incorporated into the DNA of
the cell. It is possible that changes in bacterial
DNAs render bacteria more resistant to antibi-
otics. The strains that were affected by one drug-
antibiotic combination were usually affected by
the other combination, which would seem to
indicate a basic change in the character of the
strain. This DNA alteration might cause an anti-
biotic-inactivating enzyme or enzymes to be pro-
duced, either directly or indirectly, by a depres-
sion of the operon that controls enzyme produc-
tion, since the susceptibility to ticarcillin was
not altered. Although this is an appealing theory,
there are arguments against it. The only enzyme
capable of inactivating both amikacin and gen-
tamicin is aminoglycoside acetyltransferase,
whereas enzymes other than acetyltransferase
are capable of inactivating gentamicin (18). If
production of this enzyme was responsible for
the antagonism observed, amikacin susceptibil-
ities should have been affected more often, but
gentamicin was the antibiotic most affected. The
majority (but not all) of the K. pneumoniae
strains and about half of the P. aeruginosa
strains had significantly altered MICs; none of
the E. coli strains showed any such change.
Therefore, the agents would have to be capable
of selective DNA intercalation to explain the

greater number of K. pneumoniae strains with
a change in MICs. Since the MICs of the anti-
biotics were rarely increased to the resistant
range, it is unlikely that an inactivating enzyme
was responsible, or resistance to the antibiotic
would have been more prevalent.
A more likely explanation is that the cancer

chemotherapeutic drugs affect the antibiotics
directly. The antagonism appeared to be dose
related, since most instances of antagonism were
noted in the higher concentration of the chemo-
therapeutic agent. Consequently, as more agent
was present, the more likely it was that the
antibiotic would be affected. That neither gen-
tamicin nor amikacin was totally inactivated
suggests minor but sufficient changes in the
antibiotic structure, which could result in alter-
ation of the active antibiotic form and thus in
diminished activity. Gentamicin and amikacin
have similar chemical structures, but the data
suggest that the structure of gentamicin is more
prone to alteration by the chemotherapeutic
agents, especially by DNR. Further investiga-
tions in progress to evaluate the effects ofDNR
and AraC on other aminoglycosides indicate that
they are affected as well.
Although these in vitro studies could be at

variance with results obtained in patients, the
possible clinical significance of interaction be-
tween cancer chemotherapeutic agents and anti-
biotics is intriguing. Since patients undergoing
cancer chemotherapy frequently have impaired
host defenses, are subject to infection, and there-
fore receive antibiotics, the effect of such chemo-
therapy on the antimicrobial activity of the anti-
biotics could be important in either the patho-
genesis ofan opportunistic organism or the treat-
ment of established infection. Thus, although
these antitumor agents have no antimicrobial
activity against specific bacteria that are fre-
quently recovered from patients with acute leu-
kemia, DNR and AraC are capable of occasion-
ally inhibiting the antimicrobial activity of two
aminoglycosides, gentamicin and amikacin. The
results of this study would suggest that, should
a patient be receiving concurrent DNR or AraC
plus gentamicin or amikacin while infected with
K. pneumoniae, the lack of prompt therapeutic
response should lead to reevaluation of antimi-
crobial therapy.
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