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Abstract

Background: The main causes of mortality in patients with acute leu-
kemia are the infectious complications. The author wanted to know 
the induction-related mortality and treatment-related mortality in 
the acute leukemia patients at the Instituto Nacional de Cancerolo-
gia (INCan), Mexico. Also the author is interested in finding out the 
micro-organism and the main site of infection to make some changes 
in the management of patients in these clinics. Primary objective 
was induction chemotherapy-related mortality and treatment-related 
mortality. Secondary objective was to determine the site of infection, 
micro-organism, type of chemotherapy related with more mortality 
and relapse mortality.

Methods: This was a retrospective case-series analysis of all patients 
who were admitted to the INCan Acute Leukemia Clinic between 
January 2012 and December 2015 with febrile neutropenic complica-
tions. We reviewed the case histories of all patients, including those 
with acute lymphoblastic leukemia (ALL), acute myeloblastic leuke-
mia (AML), acute biphenotypic leukemia and acute promyelocytic 
leukemia, regardless of disease status (newly diagnosed or relapsed) 
at the time of clinic attendance. Patients who died as the result of 
an infectious complication during the analysis window were identi-
fied, and their demographics, disease characteristics, treatment his-
tory (chemotherapy within 45 days of date of death) and details of the 
infectious complication resulting in death were collected.

Results: Of the 313 patients studied during that time period, 84 (27%) 
died as a result of infectious complications. Lung infections were the 
most common, accounting for 67% of all deaths from infectious com-

plications. Escherichia coli producing extended-spectrum beta-lacta-
mases was the most frequently isolated infectious organism (12 pa-
tients; 14%). The majority of deaths occurred during either induction 
therapy (27 patients; 32%) or treatment for a first relapse (25 patients; 
30%). Hyperfractionated cyclophosphamide, vincristine, doxorubicin 
and dexamethasone (hyper-CVAD) was the chemotherapy regimen 
most commonly received within 45 days prior to death (17 patients; 
20%).

Conclusions: Our findings suggest a need for long-term management 
and supportive care to prevent infectious complication-associated 
fatalities during both initial chemotherapy and subsequent disease 
relapse in patients with acute leukemia. The use of prophylaxis will 
help patients to prevent complications.

Keywords: Bacteremia; Chemotherapy; Febrile neutropenia; Infec-
tions; Leukemia; Neutropenia; Prophylaxis

Introduction

Infectious complications are a major cause of morbidity [1] 
and mortality [2] in patients with hematologic malignancies, 
including acute leukemia. Patients with hematologic malignan-
cies are at increased risk of infections owing to both the effects 
of the disease on the immune system and the immunotoxic ef-
fects of chemotherapy, most notably neutropenia and febrile 
neutropenia [2-4]. Many common regimens administered for 
the treatment of acute lymphoblastic leukemia (ALL), acute 
myeloblastic leukemia (AML) and other acute leukemias are 
highly myelosuppressive, and thereby result in high rates of 
severe neutropenia. Patients receiving treatment with these 
regimens are thus also at increased risk of febrile neutropenia, 
a medical emergency requiring immediate attention [2].

The management of febrile neutropenic patients is deter-
mined by a risk-stratification approach [5]. The standard treat-
ment strategy for severe neutropenia or febrile neutropenia in 
patients with hematologic malignancies is to administer broad-
spectrum antibiotics immediately following diagnostic blood 
culture and other culture collection [2, 6]. Recommendations 
in the United States National Comprehensive Cancer Network 
guidelines on Prevention and Treatment of Cancer-Related In-
fections [7, 8] include the selection of initial antibiotic therapy 
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based on factors including broad-spectrum coverage, the po-
tential infecting organisms (including multi-drug-resistant or-
ganisms) and the site of infection, followed by targeted treat-
ment of documented infections. The guidelines also provide 
recommendations for antibacterial, antifungal and antiviral 
prophylaxis, particularly for patients at high risk of infection 
[8].

Despite the best practices outlined above, infectious com-
plications remain a prominent cause of mortality in patients 
with acute leukemia. In the context of the evolving range of 
infectious micro-organisms that may result in disease, includ-
ing the emergence and spread of various multi-drug-resistant 
organisms, we conducted a retrospective analysis of patients 
with infectious complications seen in the Acute Leukemia 
Clinic at the Instituto Nacional de Cancerologia (INCan), in 
Mexico City. Our analysis was intended to determine common 
organisms associated with treatment-related mortality result-
ing from infectious complications, the common sites of infec-
tion and the chemotherapy regimens most frequently associ-
ated with such complications.

Materials and Methods

This was a retrospective case-series analysis of all patients 
who were admitted to the INCan Acute Leukemia Clinic be-
tween January 2012 and December 2015 with febrile neu-
tropenic complications. We reviewed the case histories of all 
patients, including those with ALL, AML, acute biphenotypic 
leukemia and acute promyelocytic leukemia, regardless of dis-
ease status (newly diagnosed or relapsed) at the time of clinic 
attendance. Patients who died as the result of an infectious 
complication during the analysis window were identified, and 
their demographics, disease characteristics, treatment history 
(chemotherapy within 45 days of date of death) and details of 
the infectious complication resulting in death were collected. 
As patients with ALL or AML comprised the vast majority of 
the study population, additional analyses were performed for 
patients in these subgroups. All patients had Eastern Coopera-
tive Oncology Group(ECOG) 0-2, were able to received inten-
sive chemotherapy, written informed consent was obtained to 
all patients in accordance with the Declaration of Helsinki pre-
vious to receive chemotherapy. Karyotype was used to classify 
cytogenetic risk. The investigational committee accept this ret-
rospective study.

Statistical analyses were performed using SAS® 9.3 soft-
ware (SAS Institute Incorporated, North Carolina, USA). Con-
tinuous variables were summarized using means and standard 
deviations, and compared between the two leukemia subtypes 
using Student’s t-test; categorical variables were summarized 
using numbers and percentages, and compared using a Chi-
squared test. Survival outcomes from diagnosis were analyzed 
using Kaplan-Meier methodology, and compared between 
leukemia types using the log-rank test. Hazard ratios (HRs), 
denoting the risk of death or occurrence of leukemia, were es-
timated with their 95% confidence intervals (CIs) using a Cox 
proportional hazards model. For all statistical tests, two-sided 
P values < 0.05 were considered significant.

Infectious organisms were identified from blood obtained 
by peripheral venipuncture and central venous catheter, urine, 
feces and/or bronchoscopy culture within the 5 days prior to 
death. Blood cultures were performed in patients with fever 
(temperature > 38 °C), and were repeated every 3 days in 
cases of persistent fever. Urine examination with culture was 
performed in all patients with febrile neutropenia, and feces 
culture in all patients with diarrhea. Expectoration culture was 
performed in patients with cough and secretions, with bron-
choscopy being carried out in the event of major pulmonary 
infection. Microorganisms were identified by means of matrix-
assisted laser desorption ionization-time of flight (MALDI-
TOF) mass spectrometry (BD™ Bruker MALDI Biotyper 
System; Bruker Daltonics, Billerica, MA, USA). Antimicro-
bial susceptibility testing was carried out by the Clinical and 
Laboratory Standards Institute using the BD Phoenix™ Mi-
crobiology System (Phoenix, Bruker Daltonics, Sparks, MD, 
USA).

Results

Patients

A total of 313 Mexican mestizos patients were admitted to the 
INCan Acute Leukemia Clinic with febrile neutropenic com-
plications between January 2012 and December 2015. Of these 
313 patients, 187 presented with ALL, 100 with AML, 12 with 
promyelocytic leukemia, 10 with biphenotypic leukemia, two 
with acute leukemia secondary to treatment and one each with 
blast-phase chronic granulocytic leukemia and a blastic plas-
macytoid neoplasm. All 313 patients had received chemother-
apy as part of their treatment for acute leukemia. Ninety-six 
patients died during the study window; 84 of these deaths were 
attributable to infectious complications. Thus, the mortality 
rate owing to treatment-related infectious complications in our 
series was 26.8%. Of the 12 patients whose deaths were not at-
tributable to infectious complications, four died at home while 
receiving palliative care, five died as a result of disseminated 
intravascular coagulation and one each died from tumor lysis 
syndrome, hepatic insufficiency and cardiogenic shock.

The characteristics of the 84 patients who died from infec-
tious complications are summarized in Table 1 [9-11]. Fifty-
two (61.9%) of the patients were male, with similar numbers 
having relapsed (43 patients; 51.2%) versus treatment-naive 
leukemia (41 patients; 48.8%). The most common leukemia 
types were ALL (51 patients; 60.7%) and AML (22 patients; 
26.2%), and the median age of the population was 35.2 years 
(range 15.8 - 71.3 years). Of the 84 patients, 13 patients (15%) 
had no karyotype, two patients (2.2%) had low cytogenetic risk, 
11 patients had intermediate risk (13.3%) and 58 patients had 
his cytogenetic risk (69.5%). Leukocyte count ranged 19,000/
mm3 (100 - 378,000/mm3) and neutrophil counts ranged 3,500/
mm3 (0 - 90,000/mm3). More than half of all patients who died 
as a result of infectious complications were receiving either 
induction therapy (27 patients; 32.1%) or treatment for first 
relapse (25 patients; 29.8%) at the time of death. Nine pa-
tients (10.7%) were at the consolidation stage, while only two 
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(2.4%) were receiving maintenance therapy and one (1.2%) 
was receiving palliative care. Nine (10.7%) patients had re-
fractory leukemia that had failed to respond to prior regimens 
(median two prior regimens).

Infectious complications

Of the 84 patients who died as a result of infectious compli-

cations, the cause of death was identified as septic shock in 
75 (89.3%) patients and acute respiratory insufficiency in the 
remaining nine (10.7%). As shown in Table 2, the lung was 
the most common primary infection site (56 patients; 66.7%), 
followed by the skin (nine patients; 10.7%) and the gastroin-
testinal tract (eight patients; 9.5%).

Table 3 lists the infectious organisms isolated in the 84 
patients who died of infectious complications. The most com-
mon organisms were: Escherichia coli producing extended-

Table 2.  Site/Nature of Infection in Patients Who Died of Infectious Complications

Site/nature of infection, n (%)
Leukemia type

All types (n = 84) ALL (n = 51) AML (n = 22) Other (n = 11)
Catheter-associated infection 6 (7.1) 4 (7.8) 2 (9.1) 0
Gastrointestinal tract 8 (9.5) 4 (7.8) 3 (13.6) 1 (9.1)
Kidney 3 (3.6) 2 (3.9) 0 1 (9.1)
Lung 56 (66.7) 32 (62.7) 16 (72.7) 8 (72.7)
Skin 9 (10.7) 8 (15.7) 1 (4.5) 0
Paranasal sinus 2 (2.4) 1 (2.0) 0 1 (9.1)

The site of infection was documented by site of culture and image studies performed to the patients previously to the death (blood culture, urine 
culture, feces culture, skin biopsy, sinus swap and catheter culture). ALL: acute lymphoblastic leukemia; AML: acute myeloblastic leukemia.

Table 3.  Most Frequently Isolated Organisms From Blood, Urine, Feces, or Bronchoscopy Culture in Patients Who Died of an Infec-
tious Complication, Depending of the Different Type of Chemotherapy and the Number of Treatment in Correlation With the Site and 
the Microorganism of Infection

Organism, n (%)
Leukemia type

All types (n = 84) ALL (n = 51) AML (n = 22) Other (n = 11)
None isolated 29 (34.5) 19 (37.3) 7 (31.8) 3 (27.3)
Klebsiella oxytoca 1 (1.2) 1 (2.0) 0 0
Staphylococcus aureus 1 (1.2) 1 (2.0) 0 0
ESBL-producing Escherichia coli 12 (14.3) 8 (15.7) 2 (9.1) 2 (18.2)
Acinetobacter baumannii 2 (2.4) 0 1 (4.5) 1 (9.1)
Enterococcus faecium 7 (8.3) 5 (9.8) 2 (9.1) 0
Pseudomonas aeruginosa 5 (6.0) 2 (3.9) 3 (13.6) 0
Stenotrophomonas maltophilia 3 (3.6) 2 (3.9) 1 (4.5) 0
Candida albicans 4 (4.8) 3 (5.9) 1 (4.5) 0
Escherichia coli 2 (2.4) 0 1 (4.5) 1 (9.1)
Klebsiella pneumoniae 4 (4.8) 2 (3.9) 1 (4.5) 1 (9.1)
Staphylococcus epidermis 2 (2.4) 0 0 2 (18.2)
Candida glabrata 2 (2.4) 1 (2.0) 0 1 (9.1)
Aeromonas hydrophila 1 (1.2) 1 (2.0) 0 0
Influenza H1N1 1 (1.2) 0 1 (4.5) 0
Aspergillus flavus 1 (1.2) 1 (2.0) 0 0
Influenza H3N2 1 (1.2) 0 1 (4.5) 0
Serratia marcescens 2 (2.4) 2 (3.9) 0 0
Clostridium difficile 2 (2.4) 1 (2.0) 1 (4.5) 0
Mucormycosis 2 (2.4) 2 (3.9) 0 0

ALL: acute lymphoblastic leukemia; AML: acute myeloblastic leukemia; ESBL: extended-spectrum beta-lactamases.
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spectrum beta-lactamases (ESBL) (12 patients; 14.3%); En-
terococcus faecium (seven patients; 8.3%); Pseudomonas 
aeruginosa (non-multi-drug resistant) (five patients; 6.0%). 
The most commonly identified fungal infections were Can-
dida albicans (four patients; 4.8%) and Candida glabrata (two 
patients; 2.4%). In 29 patients (34.5%), the culture failed to 
develop and no organism was identified.

Chemotherapy regimens

The chemotherapy regimen most commonly administered to 
the 84 patients within 45 days of their death from infectious 
complications was hyperfractionated cyclophosphamide, vin-
cristine, doxorubicin and dexamethasone (hyper-CVAD; re-
ceived by 17 patients (20.2%)). The cytarabine/daunorubicin 
7+3 regimen and palliative 6-mercaptopurine, vincristine, 
methotrexate and prednisone (POMP) were each received by 
10 patients (11.9%). Twenty-one (25.0%) patients received no 
chemotherapy within 28 days of their death, being either in 
receipt of antibiotic therapy or experiencing disease relapse 
during this period. Details of the chemotherapy regimens ad-
ministered within 45 days of the death of those patients who 
died of infectious complications are summarized in Table 1.

Management and outcomes of infectious complications

In 59 (70.2%) of the 84 patients who died of infectious com-
plications, death occurred during an episode of febrile neutro-
penia in a median of 11 days (range 0 - 64 days) from the last 
dose of chemotherapy. All patients received antibiotics and 

granulocyte colony-stimulating factor. Forty-eight patients 
(58.3%) presented at the intensive care unit (ICU) with sep-
tic shock, but only 24 (28.5%) patients actually received ICU 
treatment. Thirty-three (26.1%) patients declined ICU treat-
ment for economic reasons, while 11 (13%) were transferred 
to palliative care. A total of 27 (32.1%) patients were ineligible 
for ICU treatment owing to a high sepsis-related organ failure 
assessment (SOFA) score [12]; these patients received pallia-
tive care.

Figures 1 and 2 respectively depict progression-free 
survival (PFS) and overall survival (OS) measured from the 
time of diagnosis in the 84 patients who died from infectious 
complications. Neither PFS nor OS differed significantly with 
leukemia type. Median PFS (interquartile range (IQR)) was 
0.73 years (0.15 - 1.28) among patients with ALL, 0.35 years 
(0.08 - 0.80) among patients with AML and 0.15 years (0.05 - 
1.00) among the remaining 11 patients. Respective median OS 
(IQR) was 0.77 years (0.23 - 1.42), 0.44 years (0.08 - 1.04) and 
0.15 years (0.05 - 1.01).

Discussion

This retrospective analysis of patients treated in the INCan 
Acute Leukemia Clinic provides important information re-
garding rates of treatment-related mortality owing to infec-
tious complications in our patients, and the most common sites 
of infection and causative organisms. It also highlights which 
stages of treatment and chemotherapy regimens are most com-
monly associated with fatal infectious complications. This in-
formation will enable us to improve the management of infec-
tious complications in patients with acute leukemia, and could 

Figure 1. Progression-free survival in patients with acute leukemia who died of infectious complications. There is no difference 
between the types of leukemias. ALL: acute lymphoblastic leukemia; AML: acute myeloblastic leukemia; PFS: progression-free 
survival.
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potentially guide treatment selection for patients at increased 
risk of such complications. The leukemia subgroup analyses 
are particularly valuable in this respect, as they provide im-
portant disease-specific information that can be used to tailor 
infection management strategies.

Our findings underline that infectious complications are 
a major problem for patients with hematologic malignancies, 
including acute leukemias [6, 13-16]. We report a 27% rate of 
treatment-related mortality owing to infectious complications, 
which appears similar to, or slightly higher than, that in other 
recently published reports (13.2-24.7% [17-24]). It should be 
noted, however, that the timeframe for reporting was not con-
sistent between these analyses, potentially resulting in studies 
with shorter timeframes reporting lower mortality rates, such 
as 21-day mortality rates [22]. Among the 84 patients in our 
analysis who died owing to infectious complications, septic 
shock was the cause of death in 89%, which is consistent with 
the high sepsis-associated mortality rates previously reported 
in patients with hematologic malignancies [14]. The lung was 
by far the most common primary site of infection (67% of pa-
tients), followed by the skin (9%) and the gastrointestinal tract 
(8%), the latter possibly as a result of microbial translocation 
associated with the receipt of chemotherapy [25]. Catheter-
related bacteremia accounted for 7% of cases, central venous 
catheters being a recognized potential route for the acquisition 
of bloodstream infections [26].

We identified a range of different causative organisms, of 
which gram-negative bacilli were the most common; 12 cases 
of drug-resistant ESBL-producing E. coli were reported. These 
findings reflect data highlighted in recent reviews and case 
reports, which show that E. coli is the most common gram-
negative pathogen (comprising a median of 21% of cases in 

one report) in neutropenic hematology-oncology patients with 
bloodstream infections [4, 13, 22, 27-30]. The predominance 
of gram-negative organisms in our analysis is also consistent 
with other studies and single-center retrospective reports on 
infectious morbidity and mortality in high-risk hematology 
patients [2, 4, 20, 22-24, 28-35]. Although the prevalence of 
fungal infections is increasing, along with the list of fungi that 
may cause disease [36], we noted only seven deaths owing to 
fungal infectious complications in our series, allowing to ei-
ther Candida or Aspergillus. Nevertheless, fungal infections 
are known to be a major cause of morbidity and mortality in 
patients with acute leukemia [37, 38], hence almost all the pa-
tients in our study who developed febrile neutropenia received 
antifungal treatment (voriconazole).

We used a combination of blood, urine, feces and/or bron-
choscopy culture to identify infectious organisms. In line with 
international guidelines on the use of antimicrobial agents in 
cancer patients with neutropenia [39], we initiated broad-spec-
trum antibiotic therapy in all patients presenting with fever be-
fore switching to specific antibiotic therapy upon identification 
of the infectious agent. Patients with hypotension were treated 
with meropenem/vancomycin; all others received ceftazidime/
amikacin. Our analysis did not take into account levels of pa-
tient adherence to the prescribed antibiotic regimen; this has 
been shown to impact mortality among hospitalized cancer 
patients with febrile neutropenia, and thus warrants further at-
tention [40]. At INCan, we do not use routinely administered 
antibiotic prophylaxis to patients without febrile neutropenia, 
owing to growing concerns regarding drug-resistant microor-
ganisms; however, the value of such prophylaxis, including the 
potential benefit of cyclical antibiotic prophylaxis for lower-
ing multidrug resistance [41, 42], remains an area of debate, 

Figure 2. Overall survival in patients with acute leukemia who died of infectious complications. There is no statistical difference 
between the two types of leukemias, no difference between relapse or naive leukemia in this Kaplan-Meier curves. A division 
should be made. ALL: acute lymphoblastic leukemia; AML: acute myeloblastic leukemia; OS: overall survival.
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and its utility may depend on local epidemiology and resist-
ance patterns [43, 44]. Similarly, antiviral and/or antifungal 
prophylaxis is not given routinely in the absence of febrile 
neutropenia, although recent guidelines from the German 
Society for Hematology and Medical Oncology recommend 
primary prophylaxis for invasive fungal infections in patients 
with hematologic malignancies [45]. Our findings suggest that 
prophylactic therapy against the most common infectious or-
ganisms could be valuable, and highlight the suboptimal utility 
of broad-spectrum antibiotics in the cases of some infectious 
organisms, including resistant strains such as ESBL-producing 
E. coli. They also highlight the impact of financial concerns 
on treatment choices made by our patient population: over a 
quarter of the patients who died owing to infectious complica-
tions chose not to receive ICU treatment because of financial 
constraints.

The risk of infectious complications associated with neu-
tropenia/febrile neutropenia in patients with acute leukemia 
varies depending on the myelosuppressive nature of the chem-
otherapy regimen employed [3]. In our retrospective analysis, 
the most common regimen received within 45 days prior to 
death from infectious complications was hyper-CVAD, an in-
tensive regimen that is associated with high rates of neutrope-
nia [46, 47]. While the use of prophylactic colony-stimulating 
factors can reduce the incidence of infection in neutropenic 
patients [6], this does not eliminate the risk completely, as 
demonstrated by our findings: 59 patients died owing to in-
fectious complications during an episode of febrile neutrope-
nia, despite receiving granulocyte colony-stimulating factor 
treatment. The link between regimen intensity and infection 
risk is further underlined by the fact that almost a third of 
all deaths from infectious complications in our population 
occurred in patients who were undergoing induction therapy, 
with a further 30% being in patients receiving treatment for 
a first relapse. By contrast, only two deaths associated with 
infectious complications occurred in patients who were re-
ceiving low-dose maintenance regimens, and only one patient 
died of infectious complications while receiving palliative 
care. These findings are consistent with the observations of 
Keng and Sekeres, who noted that, while febrile neutropenia 
can occur at any point during the course of malignancy, most 
cases develop during initial chemotherapy [47]. Importantly, 
however, our data also demonstrate that patients with acute 
leukemia can develop infectious complications several years 
after diagnosis. This suggests that patients experience pro-
longed immunosuppression or treatment-related toxicity, or 
become susceptible to infections owing to the long-term ef-
fects of their disease, indicating a need for long-term manage-
ment and supportive care.

Although our analysis has a number of limitations, includ-
ing retrospective data collection, extensive data collection for 
only a limited subset of patients and the fact that all the patients 
were from a single center, the results obtained nevertheless 
provide important information regarding the infectious com-
plications experienced by patients with acute leukemia. These 
findings will help inform the INCan infection control program 
by increasing knowledge of the local epidemiology and resist-
ance patterns [2], and may thereby assist in reducing mortality 
rates associated with such complications in this setting.
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