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Abstract

Neutropenic enterocolitis (NEC) is an abdominal infection reported primarily 
in patients with acute myeloid leukemia (AML) following chemotherapy, espe-
cially cytarabine, a notable efficacious cytotoxic agent for AML remission. Specific 
data regarding the impact of different cytarabine schedules and/or antibacterial 
regimens for NEC are sparse. The aim of the study was to identify the predic-
tors of outcome within 30 days of NEC onset. NEC episodes were retrospectively 
pinpointed among 440 patients with newly diagnosed AML hospitalized in our 
Institution, over a 10-year period, for receiving chemotherapy protocols with 
100–6000  mg/m2 daily of cytarabine. Two subgroups, survivors versus nonsur-
vivors, were compared by using logistic regression analysis. NEC was documented 
in 100 of 420 (23.8%) analyzed patients: 42.5% had received high-dose cytara-
bine, whereas 19% and 15% intermediate-dose and standard-dose cytarabine, 
respectively (P  <  0.001). The 30-day NEC attributable mortality rate was 23%. 
In univariate analysis, antileukemic protocols containing robust dosages of cyta-
rabine were significantly associated with high mortality (P  <  0.001); whereas, 
standard-dose cytarabine and prompt initiation (at the ultrasonographic appear-
ance of intestinal mural thickening) of NEC therapy with antibiotic combinations 
including tigecycline were significantly associated with low mortality. In multi-
variate analysis, high-dose cytarabine-containing chemotherapy was the inde-
pendent predictor of poor outcome (odds ratio [OR]: 0.109; 95% confidence 
interval [CI]: 0.032–0.364; P  <  0.001), whereas ultrasonography-driven NEC 
therapy with antibiotic regimens including tigecycline was associated with a 
favorable outcome (OR: 13.161; 95% CI: 1.587–109.17; P = 0.017). Chemotherapy 
schedules with robust dosages of cytarabine for AML remission are associated 
with a high rate of NEC incidence and attributable. Vigorous antibacterial therapy, 
triggered off pathologic ultrasonographic findings, with drug combinations which 
have broad antimicrobial coverage and good gut penetration, specifically those 
also including tigecycline, may be effective in improving 30-day survival rate 
after NEC onset.
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Introduction

Neutropenic enterocolitis (NEC) is a recognized infec-
tious complication following cytotoxic agents: reported 
incidence rates range from 0.8% to 26% [1, 2]. NEC 
is common in patients treated for acute myeloid leu-
kemia (AML), especially those receiving intensive chemo-
therapy protocols with cytarabine [1–3]. The diagnosis 
may be delayed due to the presence of clinical features 
such as neutropenic fever, abdominal pain, and/or diar-
rhea which are not specific and may suggest other 
abdominal diseases [1, 2]. The majority of patients with 
NEC receive a definitive antiinfectious therapy in the 
absence of isolates to guide treatment [1–3]. In fact, 
these patients fall within the scope of guideline recom-
mendations concerning empirical treatment [1, 2]. NEC 
therapy usually consists in the administration of β-lactam 
agents, aminoglycosides, glycopeptides, and/or antifungal 
agents, according to the febrile neutropenia-driven 
approach [1, 2, 4]. However, a review of the literature 
indicates a considerable variability regarding the suc-
cessful therapy of NEC: reported mortality rates range 
from 30% to 60% [2]. Most deaths are due to necrotiz-
ing perforations, uncontrolled bleeding, abdominal 
abscess, and/or overwhelming sepsis. Small-scale studies 
have revealed infiltrates of Enterobacteriaceae spp., 
Enterococcus spp., and other gram-positive cocci and, 
rarely, Pseudomonas aeruginosa and Candida spp. in 
intestinal walls and peritoneal fluid at necropsy exami-
nations [5, 6]. Effective management of NEC is thus a 
considerable challenge for clinicians.

New imaging techniques and antibacterial drugs are 
now available for the management of infectious episodes 
in immunocompromised patients. Modern imaging meth-
ods are able to accurately define ileum and colon wall 
layers [6]: gray-scale ultrasonography (US) – a low-cost 
and safe technique – can be easily performed and repeated 
at the bedside in severely ill patients [4, 7]. US has proven 
useful in identifying intestinal mural thickening, the 
pathognomonic sign for NEC diagnosis according to the 
most widely accepted criteria [4, 8]. Thickened intestinal 
wall reflects the pathology of the disease: destruction of 
normal mucosal and submucosal architecture of the lower 
intestinal tract with varying degrees of edema, ecchymosis, 
and erosion, with invasion of local tissue by intestinal 
microbes and subsequent peritoneal inflammation [1, 2]. 
Tigecycline is the first agent in a new class of antibiotics 
belonging to the glycylcycline group, whose structure 
confers a broad antimicrobial spectrum with reported 
efficacy against a large number of gram-positive, gram-
negative, anaerobic, and atypical pathogens, except 
Pseudomonas aeruginosa and Proteus spp [9]. In a recent 
multicenter and randomized trial, Bucaneve et al. reported 

the adequacy of a front-line tigecycline-including regimen 
in a large group of high-risk patients with neutropenic 
fever following treatment of acute leukemia [10]. 
Importantly, the safety profile of tigecycline when inves-
tigated in patients receiving chemotherapies showed mini-
mal organ toxicity and lack of dosage adjustment for 
hepatic or renal impairment [9, 10].

The aim of this study was to identify the predictors 
of outcome within 30  days of NEC onset. We provided 
an update on therapeutic interventions of NEC by 
performing a high-quality evaluation with greater in-depth 
analysis of several aspects of such complication. As a part 
of our Institutional guidelines for postchemotherapy sup-
portive care [11–14], high-risk patients with neutropenic 
fever underwent strict diagnostic work-up with ultrasono-
graphic and microbiological assessment. NEC episodes 
were identified among a cohort of patients with AML 
undergoing chemotherapy protocols containing cytarabine 
in different schedules, then predictors of mortality and 
determinants of favorable outcome at 30  days after NEC 
onset were considered. Particular attention was focused 
on the impact of antibacterial regimens used in the dif-
ferent (empirical, US-driven, and/or microbiology-driven) 
phases of NEC treatment.

Materials and Methods

Study design and patients

Clinical records of 440 consecutive adult patients with newly 
diagnosed AML [15] hospitalized in our institution (the 
Hematology Division of the “Federico II” University of 
Naples) from 1 January 2002 to 31 December 2012 in order 
to receive cytotoxic agent induction courses for hematologi-
cal remission [16–19] were reviewed. All patients underwent 
central venous line insertion and antimicrobial prophylaxis 
with quinolones and azoles, as already reported [11].

During the study period, patients with severe neutro-
penia (absolute neutrophil count <500/μl) and clinical 
signs suggestive of NEC, that is, fever (axillary temperature 
≥38°C), diarrhea (>1 stool daily), and/or abdominal pain, 
were undergone ultrasonographic monitoring. Patients 
positive at US examination for pathologic bowel wall 
thickening (>4 mm in transversal scans for at least 30 mm 
length) were diagnosed with NEC, according to standard-
ized criteria [1, 2, 8]. Specific microbiological evaluations 
were also performed in these cases.

A retrospective study design was employed to collect 
clinical characteristics of diagnosed NEC episodes, but 
patients whose appropriate ultrasonographic and micro-
biological data were not available or receiving diagnosis 
of other diseases causing thickened intestinal wall were 
excluded from the analysis.
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Ultrasonographic and microbiological 
assessments

A hematologist (M.P., with more than 10  years of experi-
ence with US for intestinal assessment) carried out US 
scans of the four abdominal quadrants by using a scanner 
(iU22; Philips Healthcare, Bothell, WA) equipped with 
1–5  MHz convex and 3–9  MHz linear probes. The ultra-
sonographic investigations were performed directly at the 
patient’s bedside and were repeated every 3  days until 
complication resolution. The ileum and colon wall thick-
ness was measured from outer wall to luminal surface, 
as previously reported [11–14].

Blood cultures were performed every 24–48 h: the Vitek 
2 automated system (bioMérieux, Marcy l’Etoile, France) 
was used for bloodstream isolate identification and anti-
microbial susceptibility testing. Minimum inhibitory con-
centrations (MICs) were evaluated by using E-test 
(BioMerieux) strips, and classified according to the 
European Committee on Antimicrobial Susceptibility 
Testing. Blood isolates of multidrug-resistance (MDR) 
Enterobacteriaceae spp., such as extended-spectrum β-
lactamase (ESBL)-producing Escherichia coli and Klebsiella 
pneumoniae carbapenemase (KPC)-producing K. pneumo-
niae, and vancomicin-resistant Enterococcus spp. were con-
firmed using adjunct microbiological tests [20]. Moreover, 
we monitored patients by performing multiple feces cultures 
and Cytomegalovirus tests.

Antimicrobial management of infectious 
episodes

Therapeutic management of NEC episodes depended on 
the specific diagnostic phase. At febrile neutropenia onset, 
empirical approach consisted of monotherapy with a 
broad-spectrum antibiotic or a combination of broad-
spectrum antibiotic plus anti-gram-negative drug followed 
by the addition of anti-gram-positive drug in selected 
cases on the basis of persistent fever and/or new clinical 
findings [1, 2]. After diagnostic work-up application, 
patients US positive for pathologic bowel wall thickening 
(i.e., imaging feature of inflamed/damaged bowel wall) 
were treated with at least two antibiotics displaying well-
documented gut penetration and/or activity against enteric 
bacteria (US-driven approach) [21–23]. In particular, the 
US parameters of bowel wall thickness ≥5  mm in trans-
versal scans (for at least 30  mm length) triggered the 
use of a combination therapy, including ß-lactam, ami-
noglycoside, glycopeptide, glycylcycline, and/or lipopeptide 
agents (at physician’s discretion). In the case of positive 
microbiological findings, antiinfectious treatments were 
established according to the susceptibility of isolated 
pathogens (microbiology-driven approach) [20–23].

Anti-gram-negative, anti-gram-positive, and/or antifun-
gal drugs were given at the recommended doses [21].

Bowel rest, total parenteral nutrition, albumin, packed 
red blood cells and/or platelets, and granulocyte colony-
stimulating factors (G-CSF) were administered if clinically 
indicated [1, 2].

Statistical analysis

The logistic regression model was used to compare sur-
vivor and nonsurvivor subgroups, thus to identify the 
predictors of outcome within 30  days of NEC onset (at 
the ultrasonographic appearance of pathologic intestinal 
mural thickening). The following variables were selected 
for the statistical analysis: age, gender, antileukemic pro-
tocols [containing standard-dose (100  mg/m2 daily for 
at least 7  days), intermediate-dose (200  mg/m2 daily for 
at least 7  days), and high-dose (2000–6000  mg/m2 daily 
for at least 4  days) cytarabine] [16–19], ultrasonographic 
features (bowel wall thickness >10  mm and >2 noncon-
tiguous intestinal sites involved) [4, 8], microbiological 
findings (bloodstream infection and type of isolates from 
blood) [20–23], antibacterial regimens with tigecycline 
during the empirical phase, US-driven phase, and, in 
case of positive blood and/or stool cultures, microbiology-
driven phase (the impact of every combination antibiotic 
regimen was also evaluated in each phase), adjunct thera-
peutic modalities (systemic antifungal therapy, G-CSF, 
bowel rest, and total parenteral nutrition), and severe 
neutropenia resolution (absolute neutrophil count 
>500/μL).

Univariate analysis was first applied to assess the 
variables reported above. Multivariate analysis was used 
to identify independent risk factors for 30-day mortal-
ity: in this analysis, variables found to be significant 
in univariate testing were incorporated with a stepwise 
approach. Continuous variables were compared with 
Student t-test (for normally distributed variables) or 
the Mann–Whitney U test (for nonnormally distributed 
variables). Categorical variables were evaluated with the 
χ2 or two-tailed Fisher exact test. Odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated for 
all associations that emerged. Results are expressed as 
median (range; continuous variables) or as percentages 
of the group from which they were derived (categorical 
variables).

Two-tailed tests were used to determine statistical sig-
nificance; a P  <  0.05 was considered significant. Survival 
distribution function was estimated using the Kaplan–Meier 
product–limit method; nonparametric (log-rank and 
Wilcoxon) tests were used to compare survival functions 
in different groups. All statistical analyses were performed 
with the SPSS program, version 18.0.



1503© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Antibiotic Regimens With Tigecycline for NECN. Pugliese et al.

Results

A total of 420 patients with AML who underwent induc-
tion chemotherapy courses for obtaining hematological 
remission from 2002 to 2012 were included in the study. 
Twenty other patients treated in this period were excluded 
owing to inappropriate data (n  =  15) and Clostridium 
difficile- or Cytomegalovirus-associated colitis (n = 5; Fig. 1).

Patients baseline characteristics are detailed in Table  1: 
the median age was 50  years (range, 21–73  years), and 
68.6% were male patients. The underlying hematological 
malignancy consisted of de novo (85%) or secondary 
(12%) AML, and blast crisis of chronic myeloproliphera-
tive diseases (3%).

Cytotoxic agent protocols

Patients underwent cytarabine-based courses according to 
various protocols with antileukemic activity used in our 
Institution over a 10-year period. In particular, 200 patients 
received schedules containing cytarabine at standard-dose 
plus etoposide and daunorubicin (n  =  127) or idarubicin 

(n  =  53) or mitoxantrone (n  =  20) according to the 
EORTC-GIMEMA AML-10 trial [16], 120 patients received 
schedules containing cytarabine at high-dose plus fludara-
bine and idarubicin according to the FLAG-Ida trial 
(n = 71) [18] or plus daunorubicin and etoposide accord-
ing to the EORTC-GIMEMA AML-12 trial (n  =  49) [19], 
and 100 patients received schedules containing cytarabine 
at intermediate-dose plus idarubicin according to the 
HOVON-SAKK trial [17]. At least 80% dosages of the 
scheduled cytotoxic agents were administered in the patient 
population (Table  1).

Classification of the episodes of 
neutropenia

During the aplastic phase following chemotherapy, all 
patients developed severe neutropenia with a median 
time of 10  days (range, 5–30  days). The clinical char-
acteristics of neutropenic episodes are shown in Table 2. 
In particular, 187 patients (44.5%) had neutropenia 
without symptoms of infection, 93 patients (22.1%) 
developed microbiologically (n  =  45) and/or clinically 

Figure 1. Study flowchart based on ultrasonography and microbiology evaluation. AML, acute myeloid leukemia; NEC, neutropenic enterocolitis; US, 
ultrasonography.
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(n  =  48) documented infections at respiratory tract 
(n  =  53), central venous catheter (n  =  31) or urinary 
tract (n  =  9), and 140 patients (33.3%) had clinically 
and/or microbiologically documented intraabdominal 
infections.

US of abdomen and pelvis was performed within 24  h 
of complication onset in all the patients with clinical 
suspicion of NEC (n  =  140). Among these, 40 patients 

Table 1. Baseline characteristics of the entire patient population.

Characteristic No.

Number of patients 420
Gender

Male/Female 288/132
Age, years

Median (range) 50 (21–73)
Hematological malignancy 420

de novo AML 357
Secondary AML 50
Blast crisis of chronic myeloprolipherative 

diseases
13

Cytarabine-based cytotoxic agent protocols 420
Standard-dose cytarabine

Induction course of EORTC-GIMEMA 
AML-10 trial

200

Intermediate-dose cytarabine
Induction course of HOVON-SAKK trial 100

High-dose cytarabine
Induction course of FLAG-Ida trial 71
Induction course of EORTC-GIMEMA 

AML-12 trial
49

Percentage of dose intensity administered
Median (range) 90% (80–100%)

Unless otherwise specified data refer to the number of patients.
EORTC-GIMEMA AML-10 protocol: the schedule of induction course 
contained continuous i.v. infusion of cytarabine 100 mg/m2 daily for 
10 days plus etoposide 100 mg/m2 per day by 1-h i.v. infusion on days 
1 through 5 plus daunorubicin 50 mg/m2 per day as a 5-min i.v. infusion 
(n = 127 patients) or idarubicin 10 mg/m2 as a 5-min i.v. infusion (n = 53 
patients) or mitoxantrone 12 mg/m2 as a 30-min i.v. infusion (n = 20 
patients) on days 1, 3, and 5 [ref. 16].
HOVON-SAKK protocol: the schedule of induction course contained 
continuous i.v. infusion of cytarabine 200 mg/m2 daily for 7 days plus 
idarubicin 12 mg/m2 daily as a 3-h i.v. infusion on days 5 through 7 [ref. 
17].
FLAG-Ida protocol: the schedule of induction course contained cytara-
bine 2000 mg/m2 daily as 3-h i.v. infusion for 4 days plus fludarabine 
30 mg/m2 daily as 30 min i.v. infusion for 4 days plus idarubicin 12 mg/
m2 daily as a 1-h i.v. infusion on days 2 through 4 [ref. 18].
EORTC-GIMEMA AML-12 protocol: the schedule of induction course 
contained cytarabine 3000 mg/m2 every 12 h as 3-h i.v. infusion on days 
1, 3, 5, and 7 plus daunorubicin 50 mg/m2 per day as a 5-minute i.v. 
infusion on days 1, 3, and 5 plus etoposide 50 mg/m2 per day by 1-h i.v. 
infusion on days 1 through 5 [ref. 19].
AML, acute myeloid leukemia; EORTC, European Organization for 
Research and Treatment of Cancer; GIMEMA, Gruppo Italiano Malattie 
Ematologiche Maligne dell’Adulto; HOVON-SAKK, Dutch-Belgian 
Cooperative Group for Hemato-Oncology and Swiss Group for clinical 
research; FLAG-Ida, fludarabine–cytarabine–idarubicin plus granulocyte 
colony-stimulating factors.

Table  2. Clinical characteristics of postchemotherapy neutropenic 
episodes in the entire patient population

Characteristic No.

Number of patients 420
Duration of severe neutropenia, days

Median (range) 10 (5–30)
Neutropenic episodes without infectious symptoms 187
Neutropenic episodes with extraabdominal 
infections

93

Microbiological documented infections 45
Bacteremia 43

Gram positive 25
Coagulase-negative Staphylococcus 20
Enterococcus spp. 5

Gram negative 18
Eschericia Coli 10
Pseudomonas spp. 4
Klebsiella spp. 4

Fungemia 2
Candida albicans 2

Clinically documented infections 48
Site/source of infection

Upper respiratory tract 30
Lower respiratory tract 23
Central venous catheter 31
Urinary tract 9

Neutropenic episodes with intraabdominal infections 140
Microbiological documented infections 48
Bacteremia 45

Gram negative 33
Escherichia Coli 13
Klebsiella spp. 9
Bacteroides spp. 9
Pseudomonas spp. 2

Gram positive 12
Enterococcus spp. 8
Streptococcus spp. 2
Staphylococcus spp. 2

Fungemia 3
Candida albicans 2
Candida tropicalis 1

Site/source of infection
Gut 128
Liver 5
Gall bladder 4
Spleen 3

Abdominal symptoms (plus fever) 140
Diarrhea 36
Intestinal bleeding 29
Abdominal pain 25
Acute abdomen1 20
Abdominal pain + diarrhea 15
Septic shock1 15

Unless otherwise specified data refer to the number of patients. 
1According to the diagnostic criteria reported in ref. [22, 23].
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were found to have US negative for pathologic thickening 
of bowel wall (thickness ≤4  mm in transversal scans, 34 
cases; or thickness >4 mm in transversal scans for <30 mm 
length, 6 cases) and thus excluded from NEC diagnosis 
(intestinal mucositis, n  =  28; hepatic and/or splenic 
abscesses, n  =  8; cholecystitis, n  =  4). The remaining 100 
patients were found US positive for pathologic thickening 
of bowel wall and were diagnosed with NEC according 
to predefined criteria (Fig.  1). A mean number of two 
US examinations was performed per episode of intraab-
dominal infection to make NEC diagnosis (range, 1–4).

Epidemiological and ultrasonographic 
aspects of NEC

The incidence rate of NEC was 23.8% (100 of 420 patients). 
Chemotherapies protocols containing high-dose cytarabine, 
standard-dose cytarabine, and intermediate-dose cytarabine 

preceded NEC onset in 51 patients, 30 patients, and 19 
patients, respectively.

At US scanning, pathologic bowel wall thickening was 
found to be localized in the small bowel (30 patients), 
the large bowel (28 patients), and both (42 patients). 
The median wall thickness was 12  mm with a range of 
6–20  mm, for a median length in longitudinal scans of 
4  cm (range, 3–5  cm); mural thickening appeared in 
different patterns (Fig. 2). No intramural or free abdomi-
nal air was noted, whereas free abdominal fluid was 
observed in 60 patients.

Microbiological surveillance of NEC

Overall, only for 26 of the 100 patients with NEC blood 
and/or stool cultures yielded pathogens (microbiology-
documented NEC). Gram-negative rods were found in 
18/26 (69%) patients. Escherichia coli was present in 10 

Figure 2. A-B-C-D. Ultrasonographic features of neutropenic enterocolitis. (A) Transverse scan with 5-1-MHz convex probe showing a rounded mass 
due to severe bowel wall thickening (16 mm) of the cecum. (B) Transverse scan with 9-3-MHz linear probe identifying different wall layers, in particular 
hypoechoic central portion (virtual lumen and mucosa), wide hyperechoic submucosal, and hypoechoic periphery (muscularis mucosa) in the same 
case. (C) Longitudinal scan with 5-1-MHz convex probe showing >4 mm thickness for at least 30 mm in length, in the same case. (D) Median bowel 
wall thickness (12 mm; range, 6–20 mm) of the entire patient population with neutropenic enterocolitis.

A B

C D
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patients; whereby, there were 5 cases of ESBL-producing 
strains only susceptible to tigecycline (MICs  ≤1  mg/L), 
meropenem (MICs ≤ 1 mg/L), amikacin (MICs ≤8 mg/L), 
and/or colistin (MICs ≤  0.5  mg/L). Klebsiella pneumoniae 
was present in 7 patients; among them, there were 3 cases 
of KPC-producing strains only susceptible to tigecycline 
(MICs  ≤  1  mg/L) and/or colistin (MICs  ≤  2  mg/L). 
Pseudomonas aeruginosa was present in one case, only 
susceptible to colistin (MIC 0.5  mg/L). Gram-positive 
bacteria were cultured in 6/26 (23%) patients: Streptococcus 
mutans in three patients, and vancomicin-, penicillin-, and 
gentamicin-resistant Enterococcus faecium in 3 cases. All 
Gram-positive isolates were susceptible to tigecycline 
(MICs ≤ 0.5 mg/L) and/or daptomycin (MICs ≤ 0.5 mg/L). 
In 2/26 (8%) patients, the organism responsible for blood-
stream infection was Candida albicans, susceptible to 
caspofungin and/or amphotericin B.

For the remaining 74 patients with NEC, the micro-
biological surveillance did not provide isolates.

Antimicrobial treatment of NEC

At neutropenic fever onset, antibacterial treatments were 
empirically given to all patients according to febrile 
neutropenia-driven approach (monotherapy with a ß-
lactam agent, n = 4; or two-antibiotic combinations includ-
ing a ß-lactam agent, n  =  96). Only three patients were 
being treated in this phase with combination regimens 
including tigecycline.

After ultrasonographic NEC diagnosis, reported 24–264 h 
(median 84  h) from neutropenic fever onset, antibacterial 
regimens of NEC were given to 74 patients in the absence 
of microbiological isolates using drugs displaying gut pen-
etration and/or broad activity against enteric bacteria (US-
driven approach), and consisted of three-antibiotic 
combinations for 57 patients (ceftazidime plus amikacin 
and teicoplanin, 18 cases; piperacillin–tazobactam plus ami-
kacin and teicoplanin, 14 cases; meropenem plus amikacin 
and teicoplanin, 14 cases; and tigecycline plus meropenem 
and daptomycin, 11 cases), and two-antibiotic combinations 
for the remaining 17 patients (piperacillin–tazobactam plus 
amikacin, 7 cases; tigecycline plus meropenem, 7 cases; 
and tigecycline plus piperacillin–tazobactam, 3 cases).

In the remaining 26 patients with NEC and bacterial 
and/or fungal isolates, the definitive antimicrobial regimens 
were given according to antibiograms (reported 96–240  h, 
median 144  h, after neutropenic fever onset) and consisted 
of three-antibiotic combinations for 14 patients (meropenem 
plus amikacin and colistin, 12 cases; tigecycline plus mero-
penem and daptomycin, 2 cases), two-antibiotic combina-
tions for 10 patients (tigecycline plus meropenem, 6 cases; 
and meropenem plus daptomycin, 4 cases), and liposomal 
amphotericin B for the 2 patients with Candida from blood.

Adjunct therapeutic modalities included bowel rest (90 
patients), intravenous infusions of antifungal drugs [given 
empirically to 38 patients after 6 median days (range, 
4–8 days) from neutropenic fever onset (liposomal ampho-
tericin B, 18 patients; azoles, 10 patients; and caspofungin, 
10 patients)], G-CSF (36 patients), and total parenteral 
nutrition (32 patients).

Antimicrobial dosages were adjusted on the basis of 
renal, liver, and/or neurological toxicity, if necessary.

The overall median duration of antimicrobial therapy 
was 16  days (range, 2–30  days).

Mortality rate of NEC and predictors of 
outcome

Overall, 30 days after NEC onset, 23 patients died from 
acute abdomen (10 cases), massive intestinal bleeding (8 
cases), and/or septic shock (5 cases). Thus, NEC attribut-
able mortality rate was 23%.

Univariate analysis revealed significant differences between 
the nonsurvivor and survivor subgroups (Fig.  3). Patients 
in the nonsurvivor subgroup were more likely to have 
received induction chemotherapy courses based on high-
dose cytarabine (P  <  0.001). Survivors were more likely 
to have received induction chemotherapy courses based on 
standard-dose cytarabine (P  =  0.011), and US-driven NEC 
treatment with antibiotic regimens including tigecycline 
(P = 0.025). Logistic regression analysis identified induction 
chemotherapy courses based on high-dose cytarabine (OR: 
0.109; 95% CI: 0.032–0.364; P < 0.001) as the independent 
predictor of 30-day mortality, whereas US-driven NEC 
treatment with antibiotic combinations including tigecycline 
(OR: 13.161; 95% CI: 1.587–109.17; P = 0.017) was associ-
ated with the lowest risk of mortality.

At univariate statistical analysis, comparing the height 
of every single antibiotic drug, used or not in combina-
tion with tigecycline, none has been shown to have a 
protective effect in reducing NEC-related mortality (data 
not shown). Moreover, no significant difference was 
observed between the survivor and nonsurvivor subgroups 
with regard to age, gender, degree of bowel wall thick-
ness, and number of intestinal sites involved as detected 
by ultrasonographic assessment, microbiological findings, 
in particular bloodstream infections due to ESBL-producing 
Escherichia coli (survivor subgroup: 4/77 patients, 5.2%; 
nonsurvivor subgroup: 1/23 patients, 4.3%; P  =  0.87), 
KPC-producing Klebsiella pneumoniae (survivor subgroup: 
2/77 patients, 2.6%; nonsurvivor subgroup: 1/23 patients, 
4.3%; P = 0.66), and MDR Enterococcus faecium (survivor 
subgroup: 2/77 patients, 2.5%; nonsurvivor subgroup: 1/23 
patients, 4.3%; P  =  0.66), adjunct therapeutic modalities 
(such as antifungal therapy), and severe neutropenia 
resolution.
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Discussion

To the best of our knowledge, we herein reported the 
largest series of patients suffering from NEC following 
chemotherapy treatment for AML [1, 2]. Four main find-
ings of our study require further attention.

First, antileukemic protocols containing high-dose cyta-
rabine were the key factor for the development of NEC 
and its related mortality rate. Cytarabine is a powerful 
cytotoxic agent available for the remission of AML in 
combination with anthracyclines, and/or etoposide and/

Figure 3. Subgroup analyses of overall survival for several variables associated with death among the entire patient population with neutropenic 
enterocolitis. Rates and absolute differences in the risk of mortality are given. L-AMB, liposomal amphotericin B; G-CSF, granulocyte colony-stimulating 
factors; Ultrasonography-driven antibiotic treatment of NEC = antibacterial regimens, promptly given at ultrasonographic appearance of pathologic 
intestinal mural thickening. Azoles =  fluconazole in 6 cases and voriconazole in 4 cases. Enterococcus spp. included 3 cases of Streptococcus mutans 
infections and 3 cases of Enterococcus faecium infections.
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or fludarabine [24]. The pharmacodynamic properties of 
cytarabine led to its use with different dosages and modali-
ties according to the schedules included in the frame of 
antileukemic induction program over a 10-year period: 
standard-dose, intermediate-dose, or high-dose with vari-
able time of i.v. infusions [16–19]. We analyzed the impact 
on intestinal toxicity of the various schedules and obtained 
significant data. In fact, 42% of patients treated with 
high-dose cytarabine [18, 19] suffered from NEC, versus 
19% and 15% of patients treated with intermediate-dose 
and standard-dose cytarabine [16,17], respectively 
(P  <  0.001; Fig.  4). Most importantly, robust dosages of 
cytarabine resulted in about fourfold increase in mortality 
rate compared with the other schedules (37.2% with high-
dose vs. 10.5% or 6.6% with intermediate- or standard-
dose, respectively; P  ≤  0.03) and <70% survival rate at 
30  days after NEC onset (Fig.  3). Noteworthy, all cases 
of acute abdomen occurred in the subset of patients who 
had received antileukemic protocols containing high-dose 
cytarabine. This severity of NEC suggests that the robust 
dosages of cytarabine are involved in a direct damage on 
bowel wall.

Second, gram-negative and gram-positive pathogens with 
MDR emerged among the 26 patients with microbiology-
documented NEC. In fact, 17 cases carried Enterobacteriaceae 
spp. and 6 cases carried gram-positive cocci: 47% of the 
strains of Enterobacteriaceae spp. produced ESBL or car-
bapenemase, and 50% of the strains of gram-positive cocci 
showed glycopeptide resistance [20]. These findings high-
light the pathogenic role of difficult-to-treat emerging 
enteric bacteria for the development of NEC, and the 

pressing need of new antibacterial drugs displaying specific 
activity against these species [1, 9, 10, 25].

Third, systemic use of modern US as part of the diag-
nostic work-up of patients with neutropenic fever and cancer, 
especially patients treated with schedules containing high 
dosages of cytarabine [19], was particularly valuable to make 
diagnosis of NEC, identifying bowel wall thickening, the 
true warning sign of NEC at an early stage when conserva-
tive treatment would be maximally effective. In our series, 
a bowel wall thickness ≥5  mm (for at least 30  mm length) 
was the pragmatic criterion to start promptly vigorous medi-
cal treatment consisting of antibiotic regimens including at 
least two drugs with well-documented gut penetration and/
or activity against emerging enteric pathogens responsible 
for complicated intraabdominal infections [11–14]. US-driven 
approach allowed to administer adequate antimicrobial 
therapy after a median of 3.5  days from the appearance of 
fever versus a median of 6  days (from the appearance of 
fever) by using microbiology-driven approach (P  =  0.03, 
by t-test).

Fourth, the most adequate antimicrobial therapy con-
sisted of a combination regimen with tigecycline. This 
kind of schedule, significantly reduced NEC-related mor-
bidity and mortality. In fact, the multivariate analysis 
demonstrated that antibiotic combination therapy includ-
ing tigecycline was the only factor significantly linked to 
a reduced risk of death. The 30-day survival rate associated 
with regimens containing this particular drug was 93% 
(27 of 29) vs. 70% (50 of 71) in patients who were 
treated with regimens sparing tigecycline (P  =  0.014; 
Fig.  5). This finding is expected due to the peculiar char-
acteristics of tigecycline. In the study by Rubino et  al., 
tigecycline showed excellent penetration into the ileum 
and colon wall and peritoneal fluid: the drug exposure 
at bowel tissue was significantly greater than that in serum, 

Figure 4. Incidence of NEC in the subgroups of patients according to 
the schedules of cytarabine included in the induction protocols for 
hematological remission. The numbers of patients affected and not 
affected are inside the columns.

Figure  5. Kaplan–Meier curves. The impact of tigecycline-including 
combination regimens (dotted line) versus tigecycline-sparing 
combination regimens (solid line) on 30-day mortality of patients with 
neutropenic enterocolitis. Days = days from neutropenic enterocolitis 
onset.
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likely providing an adequate AUC (Area Under the Curve)-
to-MIC ratio for a good bactericidal activity against enteric 
bacterial strains [26]. In our study, as part of a two- or 
three-antibiotic combination therapy along with tigecycline, 
a β-lactam agent with antipseudomonal coverage was 
always used. Meropenem was the drug most frequently 
combined with tigecycline (26 cases; among them, one 
died), then daptomycin (13 cases; among them, none 
died), and piperacillin–tazobactam (3 cases; among them, 
one died). There exist in vitro data and case report stud-
ies on the synergistic activity of tigecycline with β-lactam 
and/or other classes of antibacterial agents, for example, 

meropenem and/or daptomycin [27, 28]. Characteristics 
of patients receiving tigecycline-including regimens versus 
those receiving tigecycline-sparing regimens in our study 
are detailed in Table  3.

Our study has limitations, however. First, it is a single-
center retrospective study which limits the value of the 
results, in particular, inter-observer and interequipment 
US reproducibility should be tested. Therefore, our find-
ings need to be validated in a prospective multicenter 
trial. Second, characteristics of involved infectious pathogens 
depend on local epidemiology, local susceptibility, or resist-
ance patterns, and previous antimicrobial exposure. Recent 

Table 3. Characteristics of patients treated with antibiotic regimens including or sparing tigecycline.

Tigecycline-including regimens Tigecycline-sparing regimens

Nr. of patients 29 71
Acute myeloid leukemia-related factors

Baseline risk classification
Karyotype cytogenetics

Favorable 6 (20.7) 16 (22.5)
Intermediate 15 (51.7) 34 (47.9)
Unfavorable 8 (27.6) 21 (29.6)

Secondary acute myeloid leukemia 1 (3.4) 3 (4.2)
Blast crisis — 1 (1.4)
Failure to achieve CR by day 15 and/or by day 28 7 (24.1) 16 (22.5)

Host-related factors at start of remission induction chemotherapy
ECOG performance status ≥ 2 — 1 (1.4)
Patient age ≥ 50 12 (41.4) 32 (45.1)
Gender (Male) 18 (62) 48 (67.6)
Subjects with inadequate renal function1 — 1 (1.4)
Subjects with inadequate liver function2 1 (3.4) 2 (2.8)
Subjects with clinically significant cardiac disease3 — 1 (1.4)

Year of NEC diagnosis
Median (range) 2010 (2007–2012) 2005 (2002–2012)

Ultrasonography features
Bowel wall thickness

Median (range), mm 12.5 (6–20) 11 (6–19)
Microbiological findings 8 (27.6) 18 (25.3)

Escherichia coli 3 (10.3) 7 (9.8)
ESBL-producing strains 3 (10.3) 2 (2.8)

Klebsiella pneumoniae 3 (10.3) 4 (5.6)
KPC-producing strains 3 (10.3) —

Streptococcus mutans — 3 (4.2)
Enterococcus faecium 2 (6.9) 1 (1.4)

Glycopeptide-resistant 2 (6.9) 1 (1.4)
Pseudomonas aeruginosa — 1 (1.4)
Candida albicans — 2 (2.8)

Abdominal surgery — 6 (8.4)
Admission in intensive care unit 1 (3.4) 7 (9.8)
Death 2 (6.9) 21 (29.6)

Unless otherwise specified data refer to the number of patients.
CR, complete remission; ECOG, Eastern Cooperative Oncology group.
All patients received antimicrobial prophylaxis with oral levofloxacin (500 mg daily) and antimold agents (oral itraconazole (400 mg daily) or posacona-
zole [600 mg daily]).
1Serum creatinine ≥ 1.5 mg/dL or eGFR < 59 mL/min.
2Aspartate Aminotranferase (AST) and/or Alanine Aminotransferase (ALT) and/or direct bilirubin ≥ 2.5 ×  upper limit of normal (ULN).
3Left ventricular ejection fraction ≤ 45%.
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data showing the spread of gram-negative and gram-positive 
enteric strains with increased resistance rates for tigecycline 
have been reported [29]. Furthermore, although the low 
frequency of Pseudomonas aeruginosa infections in our 
setting, antipseudomonal coverage is very important in 
high-risk patients with neutropenic fever [10, 21]. Third, 
the study spans 2002–2012, but tigecycline was not com-
mercially available until 2007. Thus, the increased survival 
may be due to a general improvement in care for recent 
patients receiving tigecycline. Fourth, traditional microbio-
logical tests, employed in the study, led to positive cultures 
late (median: 6  days after neutropenic fever onset). The 
use of new microbiology tools (such as, septifast test, and/
or MALDI-TOF mass spectrometry) [30] could improve 
the antimicrobial strategy for NEC. Finally, recovery from 
neutropenia did not effect outcome in our series. Larger 
studies are needed to confirm this observation.

In conclusion, under optimal study conditions and with 
an experienced operator, modern US is rapid, safe, effective, 
and low cost for abdominal–pelvis exploration [17–19], in 
particular for scanning bowel wall of patients who have 
received cytarabine-containing chemotherapy protocols for 
the remission of underlying hematological malignancy [12–
15]. At NEC diagnosis, prompt administration of vigorous 
antibiotic regimens with drug combination which have broad 
antimicrobial coverage and gut penetration, specifically those 
also including tigecycline, may be very effective.

Acknowledgments

This article is dedicated to the late Prof. Bruno Rotoli 
for his leadership and guidance during this project.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

  1.	 Nesher, L., and K. V. I. Rolston. 2013. Neutropenic 

enterocolitis, a growing concern in the era of 

widespread use of aggressive chemotherapy. Clin. Infect. 

Dis. 56:711–717.

  2.	 Gorschluter, M., U. Mey, J. Strehl, C. Ziske, M. 

Schepke, I. G. Schmidt-Wolf, et  al. 2005. Neutropenic 

enterocolitis in adults: systematic analysis of evidence 

quality. Eur. J. Haematol. 75:1–13.

  3.	 Camera, A., C. Andretta, M. R. Villa, M. Volpicelli, M. 

Picardi, M. Rossi, et  al. 2003. Intestinal toxicity during 

induction chemotherapy with cytarabine-based regimens 

in adult acute myeloid leukemia. Hematol. J. 4:346–350.

  4.	 Cartoni, C., F. Dragoni, A. Micozzi, E. Pescarmona, S. 

Mecarocci, P. Chirletti, et  al. 2001. Neutropenic 

enterocolitis in patients with acute leukemia: prognostic 

significance of bowel wall thickening detected by 

ultrasonography. J. Clin. Oncol. 19:756–761.

  5.	 Katz, A. J., M. L. Wagner, M. V. Gresik, D. H. 

Mahoney Jr, and D. J. Fernbach. 1990. Typhlitis. An 

18-year experience and post-mortem review. Cancer 

65:1041–1047.

  6.	 Kirkpatrick, D. C., and H. M. Greenberg. 2003. 

Gastrointestinal complications in the neutropenic 

patients: characterization and differentiation with 

abdominal CT. Radiology 226:668–674.

  7.	 Dietrich, C. F., S. Hermann, S. Klein, and B. Braden. 

2006. Sonographic signs of neutropenic enterocolitis. 

World J. Gastroenterol. 12:1397–1402.

  8.	 Gorschluter, M., G. Marklein, K. Hofling, R. 

Clarenbach, S. Baumgartner, C. Hahn, et  al. 2002. 

Abdominal infections in patients with acute leukemia: a 

prospective study applying ultrasonography and 

microbiology. Br. J. Haematol. 117:351–358.

  9.	 Eckmann, C., P. Montravers, M. Bassetti, K. F. 

Bodmann, W. R. Heizmann, M. Sánchez García, et  al. 

2013. Efficacy of tigecycline for the treatment of 

complicated intra-abdominal infections in real-life 

clinical practice from five European observational 

studies. J. Antimicrob. Chemother. 68: ii25–ii35.

10.	 Bucaneve, G., A. Micozzi, M. Picardi, S. Ballanti, N. 

Cascavilla, P. Salutari, et  al. 2014. Results of a 

multicenter, controlled, randomized clinical trial 

evaluating the combination of piperacillin/tazobactam and 

tigecycline in high-risk hematologic patients with cancer 

with febrile neutropenia. J. Clin. Oncol. 32:1463–1471.

11.	 Picardi, M., S. Pagliuca, F. Chiurazzi, D. Iula, M. 

Catania, F. Rossano, et  al. 2012. Early ultrasonographic 

finding of septic thrombophlebitis is the main indicator 

of central venous catheter removal to reduce infection-

related mortality in neutropenic patients with 

bloodstream infection. Ann. Oncol. 23:2122–2128.

12.	 Picardi, M., A. Camera, F. Pane, and B. Rotoli. 2007. 

Improved management of neutropenic enterocolitis 

using early ultrasound scan and vigorous medical 

treatment. Clin. Infect. Dis. 45:403–404.

13.	 Picardi, M., R. Morante, and B. Rotoli. 1997. 

Ultrasound exploration in the work-up of unexplained 

fever in the immunocompromized host: preliminary 

observations. Haematologica 82:455–457.

14.	 Picardi, M., C. Selleri, A. Camera, L. Catalano, and  

B. Rotoli. 1999. Early detection by ultrasound scan of 

severe post-chemotherapy gut complications in patients 

with acute leukemia. Haematologica 84:222–225.

15.	 Bennet, J. M., D. Catovsky, M. T. Daniel, G. Flandrin, 

D. A. Galton, H. R. Gralnick, et  al. 1985. Proposed 

revised criteria for the classification of acute myeloid 

leukemia. Ann. Intern. Med. 103:626–629.

16.	 Mandelli, F., M. Vignetti, S. Suciu, R. Stasi, M. C. 

Petti, G. Meloni, et  al. 2009. Daunorubicin versus 



1511© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Antibiotic Regimens With Tigecycline for NECN. Pugliese et al.

mitoxantrone versus idarubicin as induction and 

consolidation chemotherapy for adults with acute 

myeloid leukemia: the EORTC and GIMEMA groups 

study AML-10. J. Clin. Oncol. 27:5397–5403.

17.	 Lowenbwerg, B., T. Pabst, E. Vellenga, W. van Putten, 

H. C. Schouten, C. Graux, et  al. 2011. Cytarabine dose 

for acute myeloid leukemia. N. Engl. J. Med. 

364:1027–1036.

18.	 Fleishhack, G., C. Hasan, N. Graf, G. Mann, and U. 

Bode. 1998. Ida-Flag (idarubicin, fludarabine, cytarabine, 

G-CSF) an effective remission-induction therapy for 

poor-prognosis AML of childhood prior to allogeneic or 

autologous bone marrow transplantation: experiences of 

a phase II trial. Br. J. Haematol. 102:647–655.

19.	 Willemze, R., S. Suciu, G. Meloni, B. Labar, J. P. 

Marie, C. J. Halkes, et  al. 2014. High-dose cytarabine in 

induction treatment improves the outcome of adult 

patients younger than age 46  years with acute myeloid 

leukemia: results of the EORTC-GIMEMA AML-12 

Trial. J. Clin. Oncol. 32:219–228.

20.	 European Committee on Antimicrobial Susceptibility 

Testing. Available at: http://www.eucast.org/fileadmin/src/

media/PDFs/EUCAST_files/Disk_test_documents/EUCAST_

breakpoints_v1.3_pdf.pdf (accessed 3 November 2014).

21.	 Freifeld, G. A., E. J. Bow, K. A. Sepkowitz, M. J. 

Boeckh, J. I. Ito, C. A. Mullen, et  al. 2011. Executive 

summary: clinical practice guideline for the use of 

antimicrobial agents in neutropenic patients with cancer: 

2010 update by the Infectious Disease Society of 

America. Clin. Infect. Dis. 52:427–431.

22.	 Solomkin, J. S., J. E. Mazuski, J. S. Bradley, K. A. 

Rodvold, E. J. Goldstein, E. J. Baron, et  al. 2010. 

Diagnosis and management of complicated intra-

abdominal infection in adults and children: guidelines 

by the surgical infection society and the infectious 

diseases Society of America. Surg. Infect. 11:79–109.

23.	 Levy, M. M., M. P. Fink, J. C. Marshall, E. Abraham, 

D. Angus, D. Cook, et  al. 2003. 2001 SCCM/ESICM/

ACCP/ATS/SIS international sepsis definitions 

conference. Crit. Care Med. 31:1250–1256.

24.	 Burnett, A., M. Wetzler, and B. Lòwenberg. 2011. 

Therapeutic advances in acute myeloid leukemia. J. Clin. 

Oncol. 29:487–494.

25.	 Len, O., M. Montejo, C. Cervara, M. C. Fariñas, N. 

Sabé, A. Ramos, et  al. 2014. Daptomycin is safe and 

effective for the treatment of gram-positive cocci 

infections in solid organ transplantation. Transpl. Infect 

Dis. 16:532–538.

26.	 Rubino, M. C., L. Ma, S. M. Bhavnani, J. Speth, E. 

Ellis-Grosse, K. R. Rodvold, et  al. 2007. Evaluation of 

tigecycline penetration into colon wall tissue and 

epithelial lining fluid using a population 

pharmacokinetic model and Monte Carlo simulation. 

Antimicrob. Agents Chemother. 51:4085–4089.

27.	 Entenza, J. M., and P. Moreillon. 2009. Tigecycline in 

combination with other antimicrobials: a review of in 

vitro, animal and case report studies. Int. J. Antimicrob. 

Agents 34: 8.e1–8.e9

28.	 Silvestri, C., O. Cirioni, D. Arzeni, R. Ghiselli, O. 

Simonetti, F. Orlando, et  al. 2012. In vitro activity and 

in vivo efficacy of tigecycline alone and in combination 

with daptomycin and rifampin against Gram-positive 

cocci isolated from surgical wound infection. Eur. J. 

Clin. Microbiol. Infect. Dis. 31:1759–1764.

29.	 Mikulska, M., C. Viscoli, C. Orasch, D. M. Livermore, 

D. Averbuch, C. Cordonnier, et  al. 2014. Aetiology and 

resistence in bacteremias among adult and pediatric 

haematology and cancer patients. J. Infect. 68:321–331.

30.	 De Carolis, E., A. Vella, L. Vaccaro, R. Torelli, T. 

Spanu, B. Fiori, et  al. 2014. Application of MALDI-TOF 

mass spectrometry in clinical diagnostic microbiology. J. 

Infect. Dev. Ctries. 12:1081–1088.

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/EUCAST_breakpoints_v1.3_pdf.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/EUCAST_breakpoints_v1.3_pdf.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Disk_test_documents/EUCAST_breakpoints_v1.3_pdf.pdf

