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Background: The epidemiology of Gram-negative bacteria in patients with febrile neutro-
penia (FN) and their susceptibility to initial empirical antibiotic therapy is key to successful
treatment during the treatment of hematologic malignancies.

Methods: A retrospective study was conducted. Patients with FN and confirmed laboratory
results of Gram-negative bacteria infections were included. If no direct sensitivity of the
identified pathogen to the initially prescribed antibiotic regimen was confirmed, it was
defined as inappropriate initial antibiotic treatment (IIAT).

Results: A total of 247 patients with FN were proven to be infected with Gram-negative
bacteria, and 200 were diagnosed with acute leukemia. The most commonly detected bacteria
were Escherichia coli (40%), Klebsiella pneumoniae (20%), and Pseudomonas aeruginosa
(11%). In sum, 176 patients were classified as IIAT. The mortality rate in the IIAT group was
significantly higher (37.7% vs 23.9%, P=0.038). With monotherapy as empirical treatment,
high possibility of IIAT with fluoroquinolones (52%) and cephalosporins (35%) was
detected, while more sensitivity to carbapenems (16%) and glycopeptides antibiotics (19%)
was noticed. With combined treatment, cephalosporins/carbapenems had with the lowest
percentage of IIAT (18%).

Conclusion: In conclusion, inappropriate initial empirical antibiotic treatments were asso-
ciated with higher mortality in patients with hematologic malignancies. The current empirical
antibiotic regimen needs to be further optimized.

Keywords: febrile neutropenia, Gram-negative bacteria, hematologic malignancy, empirical

antibiotic treatment, inappropriate initial antibiotic treatment

Introduction

Intensive chemotherapy/radiotherapy in cancer, especially with hematologic malig-
nancies, causes cellular injury and suppression of inflammatory responses, which
increase risks of neutropenia and febrile episodes.' The definition of febrile neutro-
penia (FN) may vary in different institutes and countries. Absolute neutrophil count
(ANC) <10%/L is considered neutropenia, with ANC <0.5x10°/L or <10°/L that is
expected to decrease to <0.5x10°/L in the next 48 hours considered severe neutro-
penia, while ANC <0.1x10° is referred as profound neutropenia. Febrile episodes are
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usually defined as oral temperature >38.3°C or two conse-
cutive readings >38.0°C lasting more than 1 hour. FN most
often occurs during the initial diagnosis and treatment of
malignancies. Although there is the possibility of non-
infection—caused FN, most episodes are caused by infec-
tions. FN is a clinical emergency that requires prompt
management. Despite advances in therapy in recent years,
FN remains a common complication in chemotherapy caus-
ing serious clinical results, including death.

Administration of empirical antibacterial therapy
has been successful in the management of FN since
launching 50 years ago. Strategies for evaluation and
treatment for FN in cancer patients have been well estab-
lished and addressed in several international -clinical
guidelines.>* Wide application of broad-spectrum antibio-
tics has effectively decreased the mortality of FN patients.
It was reported that the mortality rate of hospitalized FN
patients in the US was only 9.5% in 2000.° However, the
general death rate of patients with FN can still reach 20%—
30%." A recent study showed that uncommon Gram-
negative bacteria occur in increasing numbers in many
infections, such as urinary tract infections.® Patients with
malignancy and other immunocompromising conditions
are more likely to be infected with opportunistic Gram-
negative bacteria.” In addition, the usage of broad-
spectrum antibiotics has increased antibacterial resistance
in bacteria. Lately, multidrug resistant (MDR) Gram-
negative bacteria have been more often identified as cau-
sative agents of FN-related infections, which makes the
choice of antibiotic-treatment regimen more complicated.
Also, years of empirical antibiotic treatment have caused
shift in infection pathogens from mainly Gram-negative to
more Gram-positive bacteria. Currently, Gram-positive
bacteria is a little more common in FN-related infection;
however, Gram-negative bacteria still account for 40%-—
50% of pathogens identified in FN patients. Meanwhile,
therapy for Gram-positive bacteria is easier, since more
drugs are available and novel antibiotics are emerging.®
Furthermore, patients with Gram-negative bacteria infec-
tion have higher risk of sepsis and death. It has been
proven that patients with Gram-negative bacteria infection
have worse prognosis, with mortality of 18% in Gram-
negative and 5% in Gram-positive bacteremia.’ Due to the
high prevalence of antibiotic resistance and mortality in
Gram-negative bacteria infection, the corresponding treat-
ment regimen is still of great clinical importance.

The change in the bacterial spectrum has raised the ques-
tion of modifying treatment regimens for appropriate

treatment of patients. There have been a number of related

studies'*12

addressing empirical antibiotic treatment in
FN; however, it has been suggested that epidemiology and
resistance patterns in local hospitals should be considered
when choosing empirical antibiotic treatments, as the opti-
mal treatment strategy might vary in different local settings.
In the current study, we aimed to study the epidemiology of
Gram-negative bacteria in patients with FN during che-
motherapy for hematologic malignancies and their suscept-

ibility to initial empirical antibiotic treatments.

Methods
Study Design and Patient Cohort

This retrospective-cohort study was performed by screening
a database of patients who underwent initial chemotherapy
due to hematologic malignancies from January 2007 to
December 2017 in the Department of Hematology, Shanghai
Jiao Tong University School of Medicine. The study was
approved by the Ruijin Hospital Ethics Committee
(Shanghai Jiao Tong University School of Medicine), with
ethics-approval reference number 2014 65. The review board
exempted the need for informed consent, because this was ret-
rospective study and did not affect patients.

Patients with records of FN and confirmed laboratory
tests of Gram-negative bacteria infections were
included. The empirical antibiotic-treatment regimens
applied were compared to the results of antibiotic-
susceptibility/resistance tests to identify the occurrence
treatment (ITAT).

Correlations between IIAT,with in-hospital death and

of inappropriate initial antibiotic
empirical treatment regimen with a chance of IIAT
were statistically analyzed. The database contained all
records of patients, including clinical data, treatment
records, laboratory test results of pathogens and antibio-
tic susceptibility/resistance.

Screening of study subjects was performed. Inclusion
criteria were: initially diagnosed with hematologic malignan-
cies, including acute lymphoblastic leukemia, acute myeloid
leukemia, multiple myeloma, myelodysplastic syndromes,
Hodgkin's
and report of FN, defined as total neutrophil (granulocyte)

lymphoma, and non-Hodgkin’s lymphoma;
count <1,000/uL. Exclusion criteria were missing data on
infected strains/antibiotic treatment, pathogens other than
Gram-negative bacteria, Initial empirical therapy focusing
on antiviral/fungal treatment, and being accompanied by
other immunological diseases.
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Antimicrobial-Susceptibility Testing

Clinical samples — blood, sputum, throat swab, midstream
urine, hydrothorax, and ascites — were collected by con-
ventional methods recommended in the clinic. Samples
were processed according to the standard operating proce-
dure of our institution. All isolates were identified by the
VITEK 2 compact system and VITEK 2 Gram-negative
identification card (BioMérieux, Marcy-I’Etoile, France).
The microbiology laboratory performed antimicrobial-
susceptibility testing of the Gram-negative bacterial isolates
based on minimum inhibitory concentration. More detailed

methods have been described in our previous studies.'*'

Definition of IIAT and Data Collection
Empirical antibiotic treatment was classified as being
appropriate if direct sensitivity of the identified pathogen
to the initially prescribed antibiotic regimen was confirmed
based on in vitro susceptibility testing, while confirmed
antibiotic resistance and no direct testing of prescribed
antibiotics were considered ITAT. Baseline patient charac-
teristics and clinical data collected included age, sex,
comorbidities, such as diabetes and manifestations of neu-
tropenia and/or fever, and complications (including liver
damage, respiratory failure, renal insufficiency, bleeding,
heart failure, and requirement of ventilator support).

Statistical Analysis
Patients IIAT and non-IIAT

groups according to appropriateness of empirical antibiotic

were allocated into
regimens. Baseline characteristics and clinical data were
compared between the two groups. Descriptive statistics
were used to analyze the chances of IIAT in cases with
different bacterial infections and various initial empirical
antibiotic-treatment choices. Continuous variables are
reported as means + SD. Student's #-test was used to compare
normally distributed data between the two groups, and the
Mann—Whitney U test was used to analyze abnormally dis-
tributed data. Categorical data are expressed as frequency
and percentage, and y* was used to determine differences
between groups. All tests were two-tailed, and P-<0.05 was

considered statistically significant.

Results
Patient Characteristics and Clinical

Manifestations
A total of 276 episodes of FN and complete microbiology-
test results were included, 29 of which were different

specimens from the same patient. As such, 247 patients
were included in the study: 71 patients were identified as
treated with an appropriate initial antibiotic regimen (non-
ITAT) and 176 classified as ITAT. Baseline characteristics
and clinical data were extracted and compared between
IIAT and non-IIAT patients. As shown in Table 1, the IIAT
group contained a higher percentage of female patients. No
other characteristics or clinical manifestations, including
type,o
a significant difference between the two groups. We also

underlying diseases and treatment showed
collected some usual complications of Gram-negative bac-
teria infection. The severity of complications was documen-
ted according to Common Terminology Criteria for
Adverse Events 4.0, and complications >grade 2 were
listed. All deaths caused by infection and related adverse
events were collected. There were 83 hospital deaths
reported, with a significantly (P=0.038) higher death rate
(66 of 176, 37.7%) in IIAT patients than non-IIAT patients

(17 of 71, 23.9%).

Gram-Negative Bacteria Species

The laboratory microbiology-test results identified >30
species of Gram-negative bacteria as causative agents
of infection. Pathogens identified in multiple patients
are summarized in Table 2. The most commonly
detected (40%),

Klebsiella pneumoniae (20%), Pseudomonas aerugi-

species were Escherichia coli
nosa (11%), and Stenotrophomonas maltophilia (9%).
In addition, >20 bacterial species were detected in
individual cases. A few cases were identified with
infection by multiple bacteria, including E. coli—-non—
Vibrio cholerae O1, E.

K. pneumoniae—P.

coli—Bacteroides fragilis,
aeruginosa, K. pneumoniae—
Staphyphila maltophilia, Acinetobacter Iwoffii—E. coli,
and P. aeruginosa—K. pneumoniae.

Antibiotic susceptibility/resistance of infected bac-
teria was tested (Tables 2 and 3). For the most common
pathogen strains — E. coli, K. pneumoniae, and
P aeruginosa — susceptibility to initial empirical treat-
ment was 46.2%, 38.8%, and 55.6%, respectively.
Confirmed resistance to initial empirical treatment was
31.2%, 22.4%, and 7.4%, respectively, for these species.
In the bacteria detected, Sphingomonas paucimobilisand
P. aeruginosa tended to be sensitive to the initial treat-
identified for

Enterobacter cloacae, E. coli, and K. pneumoniae.

ment, while resistance was mostly
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Table | Comparison of baseline characteristics and clinical data between patients with different initial empirical antibiotic treatments

Non-IIAT (n=71) AT (n=176) P-value
Age, years (mean £ SD) 38.6x14.7 38.8+15.8 0.963
Sex (M/F) 51/20 99177 0.023
Duration of fever (days), median (range) 3 (0-35) 4 (0-54) 0.179
Underlying disease 0.831
Acute lymphoblastic leukemia, n (%) 25 (35.2%) 61 (34.7%)
Acute myeloid leukemia, n (%) 31 (43.7%) 83 (47.1%)
Other hematologic malignancy®, n (%) 15 (21.1%) 32 (18.2%)
Treatment type® 0.592
Hematopoietic stem—cell transplantation, n (%) 27 (38.0%) 71 (40.3%)
High-dose chemotherapy, n (%) 33 (46.5%) 86 (48.9%)
Other chemotherapy, n (%) 11 (15.5%) 19 (10.8%)
Complications (grade 2-4)
Ventilator support, n (%) 6 (8.5%) 13 (7.4%) 0.795
Liver damage, n (%) 23 (32.4%) 78 (44.6%) 0.079
Respiratory failure, n (%) 8 (11.3%) 33 (18.9%) 0.148
Renal insufficiency, n (%) 47 (66.2%) 105 (60%) 0.365
Bleeding, n (%) 26 (36.6%) 67 (38.3%) 0.807
Diabetes, n (%) 3 (4.2%) 5 (2.9%) 0.693
Heart failure, n (%) 4 (5.6%) 18 (10.3%) 0.247
Death, n (%) 17 (23.9%) 66 (37.7%) 0.038

Notes: *Other hematologic diseases included multiple myeloma, myelodysplastic syndromes, non-Hodgkin’s lymphoma, and Hodgkin's lymphoma; btreatment regimens and

classification summarized in Supplementary Table .

Table 2 Gram-negative bacteria pathogens and susceptibility to initial empirical treatment identified in febrile neutropenia patients

Patients, n (%) Death, n (%)
E. coli 93 (40.0) 22 (43.0)
K. pneumoniae 49 (20.0) 21 (42.9)
P. aeruginosa 27 (11.0) 7 (25.9)
S. maltophilia 22 (9.0) Il (50)
E. cloacae 8 (3.3) 2 (25)
S. paucimobilis 7 (29) 0
A. baumannii 5(2.0) 5 (100)
Pantoea 3 (1.2) 0
Clostridium falciparum 2 (0.8) I (50)
Bacillus cereus 2 (0.8) 1 (50)
Burkholderia cepacia 2 (0.8) 2 (100)

Sensitive to initial Confirmed resistance to
treatment, n (%) initial treatment (%)
43 (46.2) 29 (31.2)

19 (38.8) Il (22.4)

I5 (55.6) 2 (7.4)

4 (18.2) 4 (18.2)

I (12.5) 4 (50)

5(71.4) I (14.3)

| (20) NA

I (33.3) NA

0 I (50)

0 NA

0 NA

Empirical Antibiotic-Treatment Regimen
and Probability of IIAT

In the study center, the empirical antibiotic regimens were
chosen according to FEuropean Society of Medical
Oncology guidelines for management of FN.* The most
commonly applied monotherapy regimens were carbape-
nems, cephalosporin, glycopeptide antibiotics, and fluoro-
quinolones. As shown in Table 4, there was a high
possibility (52% and 35%) of IIAT when treating with

fluoroquinolones and cephalosporin, respectively, while
more sensitivity to carbapenems (IIAT 16%) and glyco-
peptide antibiotics (IIAT 19%) was noticed. In combined-
treatment regimens, cephalosporins—carbapenems, fluoro-
quinolones—metronidazole, and fluoroquinolones—cepha-
losporins were the most commonly used. Among those,
cephalosporins—carbapenems showed the lowest rate of
IIAT (18%), while the other two had relatively high
rates of ITAT (50% and 33%, respectively). The most
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Table 3 Bacteria prone to sensitivity/resistance to initial empirical antibiotic treatment

Patients, n Sensitive to initial Patients, n Confirmed resistance to
treatment, n (%) initial treatment, n (%)
S. paucimobilis 7 5(714) E. cloacae 7 4 (57.1)
P. aeruginosa 27 15 (55.6) E. coli 93 29 (31.2)
Pantoea 2 1 (50) K. pneumoniae 49 Il (224)
E. coli 93 43 (46.2) S. maltophilia 22 4 (18.2)
K. pneumoniae 49 19 (38.8) S. paucimobilis 7 1 (14.3)
A. baumannii 5 1 (20) P. aeruginosa 27 2 (7.4)
S. maltophilia 22 4 (18.2)

Table 4 Empirical treatment with monotherapy/combined anti-
biotics and probability of IIAT

Patients (n) | IIAT (n) | NAT
Monotherapy
fB-lactamase inhibitors | | 100%
Fluoroquinolones 33 17 52%
Metronidazole 14 7 50%
Oxazolidinones 2 | 50%
Cephalosporin 63 22 35%
Anti-Pseudomonas penicillin 17 6 35%
Glycopeptide antibiotics 42 8 19%
Carbapenems 63 10 16%
Aminoglycosides 12 | 8%
Tetracyclines 3 0 0
Macrolides | 0 0
Combined antibiotics
Fluoroquinolones—metronidazole 10 5 50%
Fluoroquinolones—cephalosporins 9 3 33%
Anti-Pseudomonas penicillin— 6 2 33%
glycopeptides
Cephalosporins—carbapenems I 2 18%
Aminoglycosides—cephalosporins 6 | 17%
Fluoroquinolones—glycopeptides 6 | 17%
Carbapenems—metronidazole 6 | 17%
Carbapenems—glycopeptides 21 3 14%
Cephalosporins—glycopeptides 15 2 13%
Fluoroquinolones—carbapenems 10 | 10%
Aminoglycosides—glycopeptides 5 0 0
Aminoglycosides—carbapenems 4 0 0
Others 18 5 28%

commonly used antibiotics (including monotherapies and
combined regimens) are shown in Table 5. Empirical
treatment with meropenem and combined therapy with
imipenem—cilastatin—vancomycin were all appropriate.
All other antibioticsshowed resistance of 33%—80%.

Discussion
From January 2007 to December 2017 in the Department
of Hematology, patients who underwent chemotherapy and

hematopoietic stem-cell transplantation for hematologic
malignancies experienced FN episodes, of whom 247
were proven to be infected by Gram-negative bacteria.
Gram-negative bacteria accounted for 46% of FN patho-
gens detected (data not shown). A previous study in pedia-
tric patients with hematologic malignancies showed that
prolonged neutropenia and duration of hospitalization
were associated with Gram-negative infection, especially
carbapenem-resistant bacteremia.'” In our study, 81% of
FN patients were diagnosed with acute leukemia and 98
(39.7%) underwent stem-cell transplantation. The reason
for these data may be that patients who underwent stem-
cell transplantation or induction and consolidation for
acute leukemia were prescribed higher-dose chemother-
apy, which may cause longer neutropenia.

Since FN is considered a clinical emergency that
needs timely management, empirical antibacterial treatment
is administered before assessment of infection pathogens.
An inappropriate choice of treatment regimen would reduce
response rate and result in higher mortality. In this study,
initial empirical antibiotic treatments were detected to be
appropriate for 71 patients, which means only about 30%
of isolated Gram-negative bacteria were sensitive to the
initial empirical treatment. Due to the higher load of MDR
bacteria, FN patients with Gram-negative organism infec-
tion usually present with quick disease onset and multiple
complications. In our study, more than half the patients
progressed to renal insufficiency and a third suffered liver
damage and bleeding. The mortality of the whole cohort
was 33.6%, which is higher than previously reported in
cancer patients.” A possible reason is that the subjects in
this study were under treatment for hematologic malignan-
cies, generally considered to be higher-risk. Also, IIAT
patients had higher mortality (37.7%) than non-IIAT
patients (23.9%), indicating a correlation between appro-

priate initial empirical treatment with poor prognosis and
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Table 5 Most commonly used antibiotics and confirmed resistance rate

Patients (n)

Confirmed Confirmed Resistance rate

sensitivity (n) resistance (n)

Monotherapy

N

Meropenem
Cefepime
Moxifloxacin

Ceftazidime

A U1 08 O —

Cefotaxime

50%
83%
40%
75%

—_ W - A& —
w N U A O

Combined antibotics

o

Imipenem—cilastin
Piperacillin—tazobactam
Moxifloxacin—-metronidazole
Meropenem-—tecolanin
Meropenem—vancomycin
Cefoperazone—sulbactam
Ceftazidime—vancomycin

Imipenem—cilastatin—vancomycin

W A A DA DA N~ 01 0O —

Piperacillin—tazobactam—vancomycin

40%
38%
80%
25%
50%
50%
50%

— A MM DNMM DN W — U o
— O NN NN — h W N

33%

higher mortality. These results suggest that current empiri-
cal antibiotic regimens need to be further optimized.

Gram-negative bacteria accounted for the major
pathogens of FN in cancer patients in the early stage.
Although Gram-positive organisms have been identified
as more infectious pathogens in recent years, due to their
more common drug resistance, Gram-negative pathogen are
still an important concern in FN management. In our data, the
most commonly detected species were E. coli, K. pneumoniae,
P aeruginosa, and S. maltophilia, with all strains identified
having a certain degree of resistance to antibiotics. A previous
single-center retrospective study showed that bloodstream
infection was mostly caused by Gram-negative bacteria.'®
A study in south India showed that Gram-negative bacilli
accounted for 40% of FN pathogens, and E.

Acinetobacter baumannii, andK. pneumoniae were the most

coli,

common species.'” A study in high-risk patients with hema-
tologic malignancies showed that only 29.6% had positive
microbiology cultures and Gram-negative bacilli was the
most common (63.6%) pathogen, with E. coli being the most
frequent.'® These results are consistent with our identified
Gram-negative bacteria species.

Carbapenem-resistant K. pneumoniae (CRKP) appears to
be a serious problem in patients with hematologic malignan-
cies, with high mortality. A study in high-risk hematologic
patients showed that CRKP bacteremia developed mainly
during neutropenia and caused high mortality (71%) in

acute myeloid leukemia patients.'” A retrospective analysis

from a single center showed that Gram-negative bacteria
were the predominant (92%) pathogen and Klebsiella the
most common species. MDR was common in these isolates,
causing 15% mortality. Colistin was suggested as the sal-
vage-therapy option.”® The resistance of K. pneumoniae to
empirical treatment was also commonly detected in our
study,
CRKP carriers in FN patients and timely empirical treatment

indicating the importance of recognition of
with antibiotics active against CRKP.

There are two common strategies in empirical antibacter-
ial treatment in FN.>' An escalation begun with a more
narrow—spectrum antibiotic choice that can be further broa-
dened

pathogens has been identified. In contrast, de-escalation starts

in cases of clinical deterioration or resistant
with an initial regimen covering drug-resistant pathogens,
then de-escalating to specific antibiotic coverage after
pathogen identification.' Due to more common MDR in
Gram-negative pathogens, the de-escalation strategy is
recommended in cases of suspicion of Gram-negative bac-
teria infection.? First-line empirical treatment depends on
what is known about the patient.* In FN episodes of hospi-
talized high-risk patients, it is usually recommended that an
antipseudomonal B-lactam agent be used as initial empirical
treatment. If risk of resistant-bacteria infection is suspected,
addition of vancomycin, teicoplanin, linezolid, or daptomycin
to the initial empirical therapy is considered. Also, colistin or
tigecycline should be administered in cases of infections

caused by KPC-producing Gram-negative bacteria.'*'
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In a previous study, resistance to ciprofloxacin (5%)
appeared to be the lowest in this center.'® This result was
different from our finding that resistance was mostly common
to antibiotic categories of fluoroquinolones. Since the previous
study was performed in a center where universal fluoroquino-
lone prophylaxis was not employed, these results may reflect
the influence of regular fluoroquinolone application. As -
lactam antibiotics with a very broad spectrum, when combined
with B-lactamase inhibitors, carbapenems show an even more
extended spectrum of activity and seemto be an appropriate
choice for treatment of MDR Gram-negative bacteria, which
are a predominant source of drug resistance in FN.** Broad-
spectrum f-lactam has been suggested as initial empirical
antibiotic treatment of FN in many countries, and a review
of studies in Norway has proven its effectiveness.”> B-lactam
antibiotics are also first-choice agents in vulnerable patient
populations, such as the elderly, children, and pregnant
women.”* A meta-analysis of antipseudomonal P-lactam
empirical monotherapy'® showed that imipenem—cilastatin
gave the highest opportunity of successful treatment and low-
est mortality.'” An imipenem and cefoperazone-sulbactam
combination was shown to be efficient for most isolated
Gram-negative bacteria and was suggested to be used as first-
line empirical antibiotic therapy.'® These results seem to be
consistent with our findings, indicating imipenem-—cilastatin as
an effective empirical treatment choice.

Most patients in the current study were treated with mono-
therapy. A systematic review of 68 studies of FN in pediatric
patients who had undergone stem-cell transplantation®
showed that an aminoglycoside-containing combination ther-
apy did not have a higher success rate or lower mortality
compared with monotherapy, indicating a good choice of
monotherapy may be sufficient in empirical antibiotic treat-
ment of FN. An early study®® also showed that meropenem
and piperacillin—tazobactam had comparable success rates,
indicating the sufficiency of monotherapy. Therefore,
a monotherapy seemed to be appropriate for initial empirical
antibiotic treatment.

The current study has certain limitations. Due to its
being retrospective, it may not have included significant
missing data in the clinical records, which would cause
bias in the results. Clinical characteristics, including risk
stratification, considered an important risk factor in treat-
ment success”’ were not included in the analysis. We hope
to address these questions in a more systematic manner in
future studies. In conclusion, this retrospective review of
276 episodes of FN with confirmed Gram-negative bacteria
infection showed that the most common pathogens were

E. coli, K. pneumoniae, P. aeruginosa, and S. maltophilia.
Inappropriate initial empirical antibiotic treatments were
associated with higher mortality.
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