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  Introd uction   

 Despite substantial advances in supportive care, infections remain the leading 
cause of morbidity and mortality in patients with hematologic malignancies and 
in hematopoietic stem cell transplant(HSCT) recipients. The etiology of infection 
in this patient population continues to evolve, especially with the development of 
new immunomodulatory therapies, which produce profound and prolonged immu-
nosuppression and are associated with a wide array of pathogens. The widespread 
use of antimicrobial therapy for various indications (prophylaxis, empiric and/or 
preemptive therapy, specifi c or targeted therapy, and suppressive therapy) has to 
some extent led to the emergence of multidrug-resistant pathogens producing newer 
diagnostic and therapeutic challenges. These challenges are compounded by the 
relative paucity of novel antimicrobial agents being developed to combat resistant 
pathogens and have led to the revival of some older antimicrobial agents. Our objec-
tive for this textbook was to provide updated information regarding all aspects of 
the management of infections in this high-risk patient population. This information 
is presented in fi ve distinct sections of the textbook, each section dealing with a 
specifi c and unique aspect. 

 Part   I     describes the current epidemiology of infections, with particular focus 
on infections associated with relatively newer therapeutic modalities (e.g., mono-
clonal antibodies, nucleoside analogues) and on infections seen in various patient 
subgroups (e.g. acute leukemias, malignant lymphomas, HSCT recipients). Part   II     
features discussions about risk stratifi cation in febrile neutropenic patients and the 
diagnostic approaches currently employed in such patients in order to arrive at a 
specifi c diagnosis as promptly as possible. Part   III     covers the various therapeutic 
strategies in febrile neutropenic patients including those with fever of unknown ori-
gin and specifi c sites of infection (e.g., pulmonary, central venous catheter associ-
ated, gastrointestinal, and central nervous system infections). Antimicrobial therapy 
including important pitfalls, toxicities, and interactions is covered in Part   IV    . Part   V     
provides information on various aspects of infection prevention, an area which is of 
increasing importance in the current era of multidrug-resistant pathogens. 

http://dx.doi.org/10.1007/978-3-662-44000-1_part1
http://dx.doi.org/10.1007/978-3-662-44000-1_part2
http://dx.doi.org/10.1007/978-3-662-44000-1_part3
http://dx.doi.org/10.1007/978-3-662-44000-1_part4
http://dx.doi.org/10.1007/978-3-662-44000-1_part5
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 It is our sincere hope that this textbook will be of use to all those who take care 
of patients with hematologic malignancies and HSCT recipients. We wish to thank 
all the authors who have so generously given their time and expertise toward the 
completion of this volume, and we dedicate it to our patients, who continue to pro-
vide us with the incentive and inspiration to seek new knowledge on a daily basis.  

 Potsdam, Germany Georg Maschmeyer  
 Houston, TX, USA Kenneth V.I. Rolston       
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      Infections in Patients with Acute 
Leukemia 

             Kenneth     V.    I.     Rolston    

1.1            Introduction 

    Patients with acute leukemia are at increased risk of developing infections both as a 
result of the leukemia and its treatment [ 1 ]. Neutropenia is the primary risk factor 
associated with the development of infection, with the severity and frequency of 
infection increasing as the absolute neutrophil count drops below 500 cells/mm 3 , as 
initially described by Bodey and colleagues [ 2 ]. Other risk factors may be present 
including impaired cellular or humoral immunity, breakdown of normal barriers 
such as the skin and mucosal surfaces, and vascular access catheters and other 
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foreign medical devices. Multiple risk factors are often present in the same patient. 
Additionally, the frequent use of antimicrobial agents for various indications (pro-
phylaxis, empiric therapy, pre-emptive administration, specifi c or targeted therapy, 
and occasionally maintenance or suppressive therapy) has an impact on the nature 
and spectrum of infections, with the emergence/selection of multidrug-resistant 
(MDR) organisms being of particular concern [ 3 – 7 ]. Bacterial infections tend to 
occur early on in a neutropenic episode, with fungal infections being uncommon at 
this stage. If neutropenia persists, the risk for fungal infections increases. There are 
periodic changes in the epidemiology/spectrum of infection in patients with leuke-
mia. It is important to conduct periodic epidemiologic and susceptibility/resistance 
surveys, especially at institutions dealing with large numbers of such patients, in 
order to detect these shifts and changes in susceptibility/resistance patterns, since 
empiric therapy is largely based on this information [ 8 ,  9 ]. Such surveys are con-
ducted every 3–5 years at our institution. 

 Fever (defi ned by the Infectious Diseases Society of America as a single oral 
temperature of 38.3 °C (101 °F) or a temperature of >38.0 °C (100.4 °F) sustained 
over a 1 h period) is the most consistent sign of infection and occurs with or without 
focal signs or symptoms [ 10 ]. Greater than 90 % of episodes of fever in neutropenic 
patients with acute leukemia are likely to be caused by an infection. Noninfectious 
causes include drug fever, fever related to the underlying malignancy, transfusion 
reactions, or allergic reactions. This chapter will focus on the current epidemiology 
of infections in patients with acute leukemias. Infections that occur in patients with 
malignant lymphomas and those that occur as a consequence of treatment with spe-
cifi c modalities (e.g., monoclonal antibodies and nucleoside analogs) will be dealt 
with separately.  

1.2     Nature of Febrile Episodes 

 Febrile episodes in neutropenic patients have been classifi ed into three distinct 
categories:

•    Clinically documented infections (presence of clinical or radiographic features of 
infection such as cellulitis or pneumonia, without microbiologic confi rmation)  

•   Microbiologically documented infections (positive cultures from any signifi cant 
site)  

•   Unexplained fever – formerly fever of unexplained origin (FUO) – (fever, but no 
positive cultures or clinical/radiographic features of infection)     

K.V.I. Rolston
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1.3     Clinically Documented Infections 

 Clinically documented infections account for 25–30 % of febrile episodes in neutro-
penic patients (Fig.  1.1 ). They are defi ned by the presence of a site suggestive of an 
infection such as cellulitis, pneumonia, esophagitis, or enterocolitis, without micro-
biological documentation of the causative pathogen for the infection. This may be 
due to various reasons including the use of antimicrobial prophylaxis, which can 
render microbiologic cultures negative and/or a blunted infl ammatory response 
resulting in lack of specimens (e.g., sputum) to culture. The vast majority of these 
episodes respond to empiric antimicrobial therapy, providing indirect evidence that 
they are due to an infectious process.

1.4        Microbiologically Documented Infections 

 Microbiologically documented infections also account for 25–30 % of febrile epi-
sodes in neutropenic patients (Fig.  1.1 ). The majority of these are monomicrobial 
(i.e., caused by a single pathogen), but polymicrobial infections are being docu-
mented with increasing frequency. Recent data show that ~15–25 % of bacteremias 
in neutropenic patients, including catheter-related infections, are polymicrobial 
[ 11 – 13 ]. Infections involving deep tissue sites are predominantly polymicrobial 
[ 14 ]. These include neutropenic enterocolitis, perirectal infections, complicated 
skin/skin structure infections, and pneumonia. The majority of polymicrobial infec-
tions are caused by multiple bacterial pathogens (gram-positive, gram-negative, and 
occasionally anaerobic organisms) although bacterial and fungal or bacterial and 
viral infections can also co-exist.  

Unexplained fever,
40-50%

Clinically
documented
infections, 25-30%

Microbiologically
documented
infections, 25-30%

Non-infectious
cause, ~5%

  Fig. 1.1    Nature of febrile 
episodes in neutropenic 
patients       
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1.5     Sites of Infection 

 The most common and important sites of infection in patients with acute leukemia 
are listed in Table  1.1 . Overall, the respiratory tract is the most common site of 
infection. Approximately 25 % of patients with acute leukemia will develop a pul-
monary infi ltrate during an episode of neutropenia lasting 10 days or longer. Other 
parts of the respiratory tract including the oropharynx, upper airways, and the para-
nasal sinuses are also frequent sites of infection. Most pulmonary infi ltrates are 
secondary to an infectious process (bacterial and fungal organisms predominate) 
although it is often quite diffi cult to establish a specifi c microbiologic diagnosis. 
Noninfectious causes of pulmonary infi ltrates such as alveolar hemorrhage and drug 
toxicity are much less common. Consequently, empiric therapy directed against 
anticipated pathogens is generally administered in such patients and can be modi-
fi ed if confi rmatory microbiologic data become available. The management of 
patients with pulmonary infections/complications is discussed in detail else where. 
Approximately 15–20 % of patients with acute leukemia and neutropenia will 
develop a bloodstream infection. These include primary bacteremias and central 
line-associated infections. Gram-positive bacteria are isolated most often (~75–
80 % of the time) with organisms colonizing the skin (e.g.,  Staphylococcus  species, 
 Bacillus  species,  Corynebacterium  species) being predominant [ 13 – 16 ]. In patients 
with oral or intestinal mucositis, viridans group streptococci (VGS), enterococci 
(including VRE), and enteric gram-negative organisms are common pathogens [ 17 , 
 18 ]. The frequency of gram-negative bacteremia is lower in patients receiving anti-
bacterial prophylaxis with agents such as the fl uoroquinolones, than in patients not 
receiving prophylaxis [ 19 ,  20 ]. Fungemias occur ~4–6 % of the time, are caused 
most often by  Candida  species, and are often associated with indwelling central 
venous catheters [ 21 – 24 ]. With the exception of  Fusarium  species, invasive mold 

  Table 1.1    Common sites of 
infection in patients with 
acute leukemia  

 Site of infection a   Frequency (%) 

 Respiratory tract b   30–40 

 Bloodstream c   15–20 

 Urinary tract  10–15 

 Skin and skin structure  8–10 

 Intestinal tract d   5–8 

 Other sites e   10–15 

   a Approximately    15–20 % of patients will have multiple sites of 
infection (data from survey conducted at MD Anderson Cancer 
Center – 2012) 
  b Includes paranasal sinuses, upper respiratory tract, lungs, and 
infections such as empyema 
  c Includes primary and catheter-related bacteremia 
  d Includes neutropenic enterocolitis, perianal infections, 
cholangitis 
  e Includes meningitis, brain abscess, septic arthritis, and other 
uncommon sites  

K.V.I. Rolston
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infections seldom cause fungemia [ 25 ,  26 ]. A small proportion of bacteremic infec-
tions are caused by nontuberculous mycobacteria [ 27 ].

   Urinary tract infections are documented in 10–15 % of patients with acute leuke-
mia, especially in patients requiring the placement of short-term or long-term uri-
nary drainage catheters. Gram-negative bacterial pathogens such as  Escherichia 
coli  predominate although  Candida  species are not uncommon in patients with uri-
nary catheters, stents, or other devices and in those that have received multiple 
courses of broad-spectrum antibacterial therapy for previous episode of neutropenic 
fever. 

 Common skin and skin structure infections include cellulitis, infections at phle-
botomy or other puncture wounds, and surgical site infections in patients who have 
undergone recent surgery. Uncommon, but more serious infections include pyo-
myositis (occasionally caused by  E. coli ) and necrotizing fasciitis [ 28 ]. These con-
ditions usually require surgical intervention in addition to antimicrobial therapy. 
Even less common are primary cutaneous mold infections [ 29 ,  30 ]. 

 Infections along the gastrointestinal tract are not uncommon. Prior to the fre-
quent use of antifungal prophylaxis, thrush and esophagitis caused mainly by 
 Candida  species (occasionally by herpes viruses) were commonplace. Azole and 
echinocandin prophylaxis has rendered these infections largely of historical inter-
est. Neutropenic enterocolitis (typhlitis) occurs primarily in patients with acute leu-
kemia who receive therapy with agents (e.g., cytosine arabinoside, in combination 
with idarubicin or another anthracycline) that cause high-grade intestinal mucositis 
although it is being described with increasing frequency in patients receiving other 
mucotoxic antineoplastic agents such as the taxanes and vinorelbine [ 31 – 33 ]. 
Perirectal infections occur more often in patients with preexisting local lesions such 
as fi ssures and hemorrhoids [ 34 ]. True abscess formation is uncommon in patients 
with severe and prolonged neutropenia, but surgical drainage is almost always ben-
efi cial [ 35 ,  36 ].  

1.6     Spectrum of Bacterial Infection 

 Recent epidemiologic data document a predominance of gram-positive pathogens 
from microbiologically documented infections [ 13 – 16 ]. Unfortunately, these data 
focus on monomicrobial bacteremic infections, and do not provide details from 
most other sites of infection, or from polymicrobial infections. This gives an incom-
plete and skewed view about the microbiology of these infections since bacteremias 
are caused most often by gram-positive organisms that colonize the skin, whereas 
infections at most other sites (lung, intestinal tract, urinary tract) have a predomi-
nance of gram-negative pathogens [ 14 ]. Additionally ~80 % of polymicrobial infec-
tions have a gram-negative component, and ~33 % are caused by multiple 
gram-negative species [ 11 ]. When all sites of infection and polymicrobial infections 
are taken into consideration, a substantially different picture emerges, with gram- 
negative pathogens being almost as frequent as gram-positive pathogens [ 14 ]. 
Indeed, some institutions are now reporting a predominance of gram-negative 
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pathogens [ 37 ]. Knowledge of local epidemiologic patterns is critical as empiric 
regimens need to be designed with this information in mind. 

1.6.1     Gram-Positive Organisms 

 The microorganisms isolated most often from neutropenic patients are listed in 
Table  1.2 . The most commonly isolated organisms isolated overall are the coagulase- 
negative staphylococci (CoNS) [ 38 ]. These organisms are generally of low viru-
lence and seldom cause serious or life-threatening infections. Catheter-related 
bacteremias are the most common infections caused by CoNS. These can often be 
treated with antimicrobial agents without removal of the offending catheter, although 
some infections may recur if the catheter is retained [ 39 ]. The one exception is 
 Staphylococcus lugdunensis , which resembles  S. aureus  in virulence, and infections 
caused by this species need to be managed like those caused by  S. aureus  [ 40 – 42 ]. 
Other gram-positive organisms that frequently colonize human skin and often cause 
infections in patients with leukemia include  Bacillus  species,  Corynebacterium  spe-
cies, and  Micrococcus  species [ 43 – 49 ]. Like CoNS, the most common infection 
caused by these organisms is catheter-related bacteremia. Occasionally more 

  Table 1.2    Microorganisms 
isolated most often from 
neutropenic patients  

 Gram positive 

  Coagulase-negative staphylococci 

   Staphylococcus aureus  (including MRSA) 

   Viridans  group streptococci 

   Enterococcus  species (including VRE) 

   Corynebacterium  species 

  Beta-hemolytic streptococci (groups A, B, G, and F) 

   Stomatococcus mucilaginosus  

 Gram negative 

   Escherichia coli  

   Klebsiella  species 

   Pseudomonas aeruginosa  

   Enterobacter  species 

   Stenotrophomonas maltophilia  

   Other Enterobacteriaceae  

  Other non-fermentative gram-negative bacteria 

 Fungal 

   Candida  species 

   Aspergillus species  

  Zygomycetes 

   Fusarium  species 

 Viral 

  Herpes simplex virus and varicella zoster virus (reactivation) 

  Community respiratory viruses 

K.V.I. Rolston
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serious infections such as pneumonia, endocarditis, endophthalmitis, and  meningitis 
develop. The organisms are uniformly susceptible to vancomycin, linezolid, and 
daptomycin, whereas susceptibility to other agents is variable. Most patients 
respond to appropriate antimicrobial therapy, and infection-related mortality is low. 
It is not clear whether removal of the infected catheter is always necessary for 
response; however, recurrent infections seem to be more frequent if the catheter is 
retained [ 45 ,  48 ,  50 ]. As mentioned earlier, infections caused by  S. aureus  are more 
virulent and are associated with substantial morbidity and mortality [ 51 ]. In some 
cancer treatment centers, ~40–60 % of these organisms may be methicillin resistant, 
although institutional and regional differences do occur, with resistance rates <10 % 
in the Netherlands or Scandinavian countries. Some of these isolates have also 
developed tolerance or reduced susceptibility to vancomycin (the so-called MIC 
creep), and slow response to, or overt failure of vancomycin therapy has been 
reported especially in infections caused by organisms with vancomycin MICs of 
>1.0/ml [ 51 – 56 ]. In a recent study of MRSA bacteremia in cancer patients from a 
comprehensive cancer center, a high treatment failure rate for vancomycin (52 %) 
was demonstrated, and a vancomycin MIC of >2/ml was found to be an independent 
factor for vancomycin failure [ 57 ]. Based on this and similar reports, the current 
recommendation is to consider therapy with alternative agents such as linezolid or 
daptomycin for infections caused by organisms with reduced susceptibility to van-
comycin [ 58 – 60 ].

   Alpha-hemolytic or viridans group streptococci are major components of human 
oral microfl ora. For many years, they were considered contaminants or organisms of 
low virulence, even in neutropenic patients. However, subsequent clinical experience 
has shown that they are responsible for serious, life-threatening infections in this 
patient population [ 61 ,  62 ]. The most consistent predisposing factor for infection by 
these organisms appears to be high-dose chemotherapy with agents such as cytosine 
arabinoside that induce severe mucosal damage, thereby facilitating entry of these 
organisms into the bloodstream [ 63 ]. Other probable predisposing factors include 
antimicrobial prophylaxis with fl uoroquinolones that might encourage selection and 
overgrowth of these organisms and treatment of chemotherapy- induced gastritis with 
antacids or histamine type 2 (H2) antagonists [ 64 – 66 ].  Streptococcus mitis ,  S. san-
guis , and  S. salivarius  are the predominant species [ 18 ,  67 ]. Bacteremia is the most 
common manifestation. In some patients, a rapidly progressive and disseminated 
infection (sometimes referred to as the streptococcal toxic shock syndrome) occurs 
involving the bloodstream, lungs, central nervous system, and skin [ 68 ]. Despite 
prompt and aggressive antimicrobial therapy, the mortality associated with this syn-
drome is 25–35 %. Of increasing concern are reports that 20–60 % of VGS are non-
susceptible or overtly resistant to penicillin [ 18 ,  68 ]. This has limited the utility of 
penicillin G and other penicillins for the prevention and treatment of these infections. 
All isolates are currently susceptible to vancomycin, although tolerance has been 
described [ 18 ,  69 – 72 ]. The use of antibiotic combinations may be necessary, espe-
cially against tolerant organisms. These organisms are also susceptible to the newer-
generation quinolones (e.g., moxifl oxacin), daptomycin, and linezolid, but clinical 
experience with these agents is limited. 

1 Infections in Patients with Acute Leukemia
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 The enterococci reside primarily in the intestinal tract and cause a variety of 
infections such as bacteremia, urinary tract infection, endocarditis, intra-abdominal/
pelvic infections, biliary tract infections, and occasionally pneumonia and meningi-
tis. They are seldom primary pathogens but are seen most often following prolonged 
therapy with broad-spectrum cephalosporins or carbapenems to which they are 
intrinsically resistant. Increased use of vancomycin especially in neutropenic cancer 
patients was at least in part responsible for the emergence of vancomycin-resistant 
enterococci (VRE) globally, and these organisms now account for 15–30 % of all 
enterococcal isolates [ 4 ]. Fecal colonization with VRE is not uncommon in patients 
with acute leukemia and recipients of stem cell transplantation [ 73 ,  74 ]. 
Approximately 30 % of patients with VRE fecal colonization will go on to develop 
bacteremia or other signifi cant infections with these organisms following chemo-
therapy, and some experts recommend the empiric use of agents with activity against 
VRE when such patients develop fever during an episode of neutropenia [ 10 ,  75 ]. 
Attempts at eradicating fecal colonization with VRE have been singularly unsuc-
cessful. Consequently, infection control measures to reduce transmission of VRE 
are of overriding importance.  

1.6.2     Gram-Negative Bacilli 

 The gastrointestinal tract serves as an important source of infection in neutropenic 
patients, with the predominant pathogens being enteric gram-negative bacilli. The 
use of antibacterial prophylaxis in high-risk patients including those with acute leu-
kemia has led to a reduction in the frequency of documented gram-negative infec-
tions, although some centers are reporting a reversal of this trend [ 19 ,  20 ]. 
Nevertheless, gram-negative infections, when they do occur, are generally associ-
ated with greater morbidity and mortality than infections caused by their gram- 
positive counterparts. Multiple surveillance studies have shown that  E. coli, 
Klebsiella  spp., and  P. aeruginosa  remain the three most commonly isolated gram- 
negative organisms from neutropenic patients and collectively cause 65–75 % of 
microbiologically documented gram-negative infections [ 76 – 79 ]. Other 
Enterobacteriaceae such as  Enterobacter  spp . ,  Citrobacter  spp.,  Serratia  spp., and 
 Proteus  spp. are less common, although institutional differences do exist. Despite 
the overall decline in the frequency of gram-negative infections in neutropenic 
patients, there has been an increase in the proportion of such infections caused by 
non-fermentative gram-negative bacilli (NFGNB) such as  Acinetobacter  spp., non- 
aeruginosa  Pseudomonas  spp., and  Stenotrophomonas maltophilia  [ 80 ]. Collectively, 
NFGNB now cause ~38 % of documented gram-negative infections, a proportion 
that has gradually increased over the years. The overall spectrum of infections 
caused by gram-negative bacilli is wide, with pneumonia, primary and catheter- 
related bacteremia, and urinary tract infection being common – Table  1.3 .

    P. aeruginosa  is the most frequently isolated and the most important pathogenic 
NFGNB in this setting and causes between 15 and 20 % of all gram-negative infec-
tions [ 13 – 16 ]. Additionally, it is the most common gram-negative organism isolated 
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from polymicrobial infections [ 11 ,  12 ]. These organisms have the propensity for 
developing resistance to antimicrobial agents by multiple mechanisms [ 81 ,  82 ]. A 
recent study demonstrated that the risk factors associated with multidrug-resistant 
 P. aeruginosa  infections were the use of a carbapenem as monotherapy for >7 days, 
a history of  P. aeruginosa  infection in the preceding year, and a history of chronic 
obstructive pulmonary disease [ 83 ]. Consequently, the antimicrobial stewardship 
program at our institution has targeted the prolonged use of carbapenem mono-
therapy, with a resultant decrease in the frequency of infections with MDR  P. aeru-
ginosa  [ 84 ].  Stenotrophomonas maltophilia  colonization/infection rates in 
neutropenic patients, especially those with acute leukemia and recipients of HSC 
transplantation, have increased considerably over the past two to three decades. 
Surveillance studies conducted at the University of Texas MD Anderson Cancer 
Center have documented an increase in the proportion of  S. maltophilia  from 2 % of 
all gram-negative bacilli isolated in 1986 to 7 % in 2012. Patients with prolonged 
neutropenia, those exposed to broad-spectrum antibiotics, especially the carbapen-
ems, and those requiring mechanical ventilation have a higher risk of infection, 
although these infections are also seen in patients without traditional risk factors 
[ 85 ,  86 ]. The shift from trimethoprim/sulfamethoxazole (TMP/SMX) which has 
potent activity against  S. maltophilia ) to the fl uoroquinolones (which are much less 
active against  S. maltophilia ) as the preferred agents for antimicrobial prophylaxis 
in high-risk neutropenic patients may also have contributed to the increase in infec-
tions caused by these organisms. TMP/SMX has been and remains the agent of 
choice for the treatment of infections caused by  S. maltophilia , but in vitro resis-
tance to it appears to be increasing [ 85 ,  87 ]. Ticarcillin/clavulanate also has reliable 
activity, whereas other beta-lactams such as ceftazidime, cefepime, and piperacillin/
tazobactam have variable activity against these organisms. The newer quinolones 
such as moxifl oxacin are more active than older agents such as ciprofl oxacin and 

  Table 1.3    The spectrum of 
infections caused by 
 Pseudomonas  a eruginosa  and 
other gram-negative bacilli  

 
 Bacteremia – primary and catheter related 

 Pneumonia, empyema, lung abscess a  

 Urinary tract infection – primary and catheter related 

 Neutropenic enterocolitis (typhlitis) 

 Perirectal infection/abscess a  

 Skin and skin structure infection (ecthyma) 

 Cholangitis/biliary tract infection 

 Abdominal/pelvic/hepatic abscess a  

 Otitis externa/mastoiditis 

 Keratitis/endophthalmitis 

 Osteomyelitis/septic arthritis 

 Prostatitis 

  Data from infectious diseases consultation records at MD 
Anderson Cancer Center 
  a Abscess formation is uncommon in patients with severe and pro-
longed neutropenia  
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levofl oxacin [ 80 ]. Minocycline and the novel glycylcycline – tigecycline, are also 
active against many  S. maltophilia  isolates [ 88 ]. Clinical experience with agents 
other than TMP/SMX and ticarcillin/clavulanate is limited. Combination regimens 
based on the susceptibility of individual isolates are often employed [ 89 ]. 

 Other less common but important NFGNB include  Acinetobacter  spp., 
 Achromobacter  and  Alcaligenes  spp.,  Burkholderia  spp.,  Chryseobacterium  spp., 
and non-aeruginosa  Pseudomonas  species such as  P. putida  and  P. fl uorescens  [ 90 –
 96 ]. The clinical importance of these organisms has increased in recent years as they 
frequently cause outbreaks and MDR infections. Many outbreaks can be traced to 
sources such as contaminated dialysis fl uid, chlorhexidine solution, deionized 
water, and mechanical ventilators.   

1.7     Fungal Infections 

 Whereas bacterial infections predominate during the fi rst 7–10 days of severe neu-
tropenia, invasive fungal infections start to develop as neutropenia persists. Prior to 
the availability of agents like fl uconazole, invasive candidiasis with or without 
hematogenous dissemination was common, with  Candida albicans  being the pre-
dominant species isolated. The frequency of invasive candidiasis has been substan-
tially reduced with the routine usage of antifungal prophylaxis (azoles, 
echinocandins) in high-risk patients, with manifestations like  Candida  esophagitis, 
and chronic disseminated (hepatosplenic) candidiasis becoming increasingly of his-
torical interest [ 97 ]. The use of some of these agents also led to the emergence of 
 Candida  spp. other than  Candida albicans  as frequent pathogens in this setting, 
although  C. albicans  continues to be the single most common species isolated [ 98 , 
 99 ]. Regional differences have been documented with a preponderance of different 
 Candida  species at different centers [ 21 ,  22 ,  100 – 102 ]. These differences may rep-
resent divergent use of antifungal prophylaxis and/or geographic diversity. 
Consequently, local epidemiologic and susceptibility data should be used to guide 
empiric and targeted therapy. Other yeasts that are encountered in this setting 
include  Trichosporon beigelii ,  Malassezia furfur ,  Saccharomyces cerevisiae , and 
occasionally  Hansenula anomala  [ 103 ,  104 ]. 

 The risk of hematogenous dissemination with various yeasts is greater in patients 
who have indwelling vascular catheters and chemotherapy-induced mucositis or 
graft versus host disease [ 99 ,  105 ]. Currently, catheter removal in addition to appro-
priate antifungal therapy is recommended, although this strategy is by no means 
universally accepted [ 106 – 108 ]. Most  C. albicans  isolates maintain susceptibility to 
fl uconazole and itraconazole. The newer triazole agents such as voriconazole also 
have potent activity against most pathogenic yeasts. The echinocandins appear to be 
effective for the treatment of candidiasis caused by most  Candida  species [ 106 ]. 
Treatment of candidiasis with polyenes is seldom necessary. Despite appropriate 
therapy, the overall mortality in cancer patients with candidemia (which is mainly 
due to the severity of the underlying disease) approaches 40 % [ 98 ]. Disseminated 
 T. beigelii  infections respond less frequently than disseminated candidiasis [ 104 ]. 
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 Invasive mold infections, due primarily to  Aspergillus  species, are the most fre-
quent cause of serious, often life-threatening infections in patients with neutropenia 
that persists for more than 2 weeks [ 109 ]. Other risk factors include impaired cel-
lular immunity, prolonged corticosteroid administration, allogeneic stem cell trans-
plantation, and advanced age [ 103 ].  A. fumigatus  is the predominant species isolated 
but non-fumigatus species of  Aspergillus  are emerging as signifi cant pathogens 
[ 110 – 113 ]. The most common site of involvement is the lungs leading to invasive 
pulmonary aspergillosis (IPA). Other common sites of involvement include the 
paranasal sinuses, the central nervous system, the heart and pericardium, the liver, 
the kidneys, and occasionally, bones and joints. Cough, dyspnea, and hemoptysis 
are the classic manifestations of IPA but may be absent or muted in many patients 
due to severe immunosuppression leading to a blunted infl ammatory response. 
Persistent fever in patients with prolonged neutropenia, despite appropriate antibi-
otic therapy, should raise the suspicion of invasive fungal infection including 
IPA. Most infections are diagnosed by computerized tomography (CT) imaging. 
Classic fi ndings include nodular or wedge-shaped densities, the halo sign, and cavi-
tary lesions [ 114 ,  115 ]. These fi ndings change and evolve over time, and in response 
to therapy, consequently the performance of serial CT imaging has been found to be 
useful in monitoring patients with IPA.  Aspergillus hyphae  are angioinvasive in 
nature and result in release of fungal antigens into the bloodstream. Serologic test-
ing to detect galactomannan or beta-D-glucan has been evaluated for the early diag-
nosis of invasive aspergillosis. The former appears to be more useful than the latter 
and may also be a predictor of outcome [ 116 – 120 ]. The use of these tests in con-
junction with CT imaging has been discussed in various guidelines for the diagnosis 
and management of invasive fungal infections in neutropenic patients and HSCT 
recipients [ 121 – 123 ]. 

 Several mold-active agents are now available for the prevention and treatment of 
invasive aspergillosis. These include amphotericin B and its lipid formulations, itra-
conazole, voriconazole, posaconazole, and the echinocandins. A detailed discussion 
of antifungal prophylaxis and therapy is beyond the scope of this chapter, but recent 
guidelines addressing these issues are available [ 121 – 125 ]. Although still uncom-
mon, zygomycosis (mucormycosis) has emerged as an increasingly important 
infection in the past 15–20 years especially in patients with hematologic malignan-
cies and HSCT recipients [ 99 ,  126 ,  127 ]. The increasing frequency of zygomycosis 
has at least in part been attributed to the use of voriconazole for various indications 
such as antifungal prophylaxis and empiric, pre-emptive or targeted therapy of inva-
sive fungal infection [ 128 – 132 ]. The most common organisms isolated include 
 Rhizopus  species,  Mucor  species, and  Cunninghamella  species. Common sites of 
infection include the paranasal sinuses and orbit, the lungs, skin, and the central 
nervous system, with pulmonary manifestations being predominant in neutropenic 
cancer patients. Generalized dissemination occurs in up to 5 % of patients. Clinical 
features are often indistinguishable from other common mold infections. Early 
diagnosis of zygomycosis is important for timely therapeutic intervention, and ulti-
mately, reduced mortality and improved survival. Conventional methods for labora-
tory assessment for zygomycosis include direct examination, cytopathologic 
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examination, and histopathologic examination of respiratory and other relevant 
specimens. The use of immunohistochemical stains, fl uorescent and in situ hybrid-
ization, or in situ polymerase chain reaction (PCR) may also be useful. Cultures 
from various specimens are often negative. There is increased reliance on diagnostic 
imaging such as CT of the paranasal sinuses and chest, which may reveal early fi nd-
ings even before the development of localizing symptoms [ 133 ,  134 ]. Unlike inva-
sive aspergillosis where recent diagnostic and therapeutic advances have improved 
overall survival, the outcome of patients with hematologic malignancies who 
develop zygomycosis has not improved signifi cantly [ 126 ,  127 ,  135 ]. Only two sys-
temic antifungals have reliable activity against these organisms – amphotericin B 
and its lipid formulations and the new triazole, posaconazole. Recent guidelines 
advocate the lipid preparations of amphotericin B as fi rst-line therapy, with posacon-
azole and combinations of caspofungin with lipid preparations of amphotericin B as 
second-line therapy [ 136 ,  137 ]. Surgery is recommended for rhinocerebral and soft 
tissue infections. Reversal of underlying risk factors is important. The duration of 
therapy remains unclear and should be guided by resolution of all associated symp-
toms and fi ndings. Maintenance therapy and/or secondary prophylaxis should be 
considered in patients who remain severely immunosuppressed. Other uncommon 
but important molds that cause invasive infections in patients with hematologic 
malignancies include  Fusarium  species and  Scedosporium  species [ 138 ]. Unlike 
most other molds, fungemia is common in patients with fusariosis and may occur in 
~40 % of patients [ 139 ]. Involvement of the paranasal sinuses, lungs, skin, and dis-
seminated infection is also relatively common. Optimum therapy remains to be 
defi ned, and the overall outcome is poor. The incidence of Scedosporium infection 
appears to be increasing, with cases of  S. prolifi cans  generally occurring after 2000 
[ 140 ]. As with fusariosis, optimum therapy remains to be defi ned, and the overall 
prognosis is poor. 

1.7.1     Viral Infections 

 Viral infections per se are uncommon in patients with hematologic malignancies who 
do not receive HSCT. Most HSV and VZV infections in this setting result from reac-
tivation of the latent viruses from previous exposure, and primary infections are rare 
[ 141 ,  142 ]. Most US adults are HSV-1 or HSV-2 seropositive, and reactivation can 
occur in up to 60 % of patients undergoing intensive chemotherapy for hematologic 
malignancies. Reactivation usually occurs soon after chemotherapy, while patients are 
still severely neutropenic, and much of the morbidity caused by oral mucositis has 
been attributed to HSV reactivation in this setting. Consequently, several guidelines 
recommend HSV prophylaxis in patients undergoing HSCT or remission induction 
therapy for leukemia [ 10 ,  143 ]. Reactivation of latent VZV also occurs but to a lesser 
extent, and the risk is considered insuffi cient to warrant routine prophylaxis. 

 Over the past two decades, the importance of community respiratory viruses as 
signifi cant causes of morbidity and mortality in HSCT recipients and patients with 
hematologic malignancies has been recognized [ 144 – 150 ]. These include human 
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infl uenza viruses (A and B), respiratory syncytial virus (RSV), human parainfl uen-
zae viruses, human metapneumovirus, human coronaviruses, and human rhinovi-
ruses. Many of these (e.g., the infl uenza viruses and RSV) have a seasonal 
preponderance, although some are encountered year round. Upper respiratory tract 
infections (URTI) predominate, with rhinorrhea being the most common manifesta-
tion. Progression to lower respiratory tract infection (LRTI) can lead to respiratory 
failure and a fatal outcome depending on host factors and the intrinsic virulence of 
specifi c viruses. Testing for respiratory viruses is recommended in high-risk patients. 
Specimens for diagnostic testing include nasopharyngeal swabs, washes, or aspi-
rates, tracheal aspirates, and bronchoalveolar lavage specimens. Laboratory tests 
include nucleic acid amplifi cation testing, direct antigen detection, and isolation of 
the virus by cell culture. Optimum therapy for most of these infections remains to be 
determined (except for human infl uenza viruses). Pooling of published studies from 
various centers in the absence of suffi ciently powered, randomized, controlled trials, 
suggests that treatment of LRTI with ribavirin and intravenous immunoglobulin may 
improve outcome in RSV infections [ 151 ]. This approach is also used to prevent the 
development of LRTI in HSCT recipients with URTI.   

1.8     Summary 

 Infections cause a substantial amount of morbidity and mortality in patients with 
acute leukemia and other hematologic malignancies. Neutropenia is the predominant 
predisposing factor, although other factors also contribute to the development of 
infection. Bacterial infections predominate during the initial phases of severe neutro-
penia. Invasive fungal infections develop in patients with persistent and profound 
neutropenia. Viral infections appear to be increasing in frequency and severity. Early 
diagnosis and the administration of pre-emptive therapy, especially when dealing 
with invasive fungal infections, are important as infection prevention. The develop-
ment of resistance and the limited availability of therapeutic agents with activity 
against resistant pathogens are areas of global concern. As a result, programs for 
antimicrobial stewardship and infection control need to be strictly adhered to.     
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  2      Infections in Patients with Malignant 
Lymphomas 
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2.1            Introduction 

       The malignant lymphomas represent neoplastic transformation of cells that reside 
primarily in lymphoid tissues and are the most common hematologic malignancies 
in man. The American Cancer Society estimates that there will be 9,290 new cases 
of Hodgkin’s lymphoma and 69,740 new cases of non-Hodgkin’s lymphoma in the 
United States in 2013, with over 20,000 estimated deaths [ 1 ]. Infections in patients 
with malignant lymphomas are quite common, and their pathogenesis is multifacto-
rial. Predisposing factors for infection include multiple immunologic defi cits caused 
by the underlying lymphoma (impaired cell-mediated immunity, impaired humoral 
immunity/hypogammaglobulinemia, impaired neutrophil function, and impaired 
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complement activity) and by various treatment modalities. While neutropenia 
remains the most common predisposing factor in this subset of cancer patients, it is 
often superimposed on the other immunologic defi cits listed above, each with its 
unique spectrum of pathogens (although there is some overlap).  

2.2     Neutropenia 

 Neutropenia was recognized almost 50 years ago as a major predisposing factor for 
infection [ 2 ]. The current defi nition of neutropenia is an absolute neutrophil count of 
≤500/mm 3  or ≤1,000/mm 3  with an anticipated decline to below 500 cells/mm 3  in the 
ensuing 48 h [ 3 ]. Bacterial infections predominate in the early stages of profound 
neutropenia, with infections caused by gram-positive pathogens ( Staphylococcus  
species,  Streptococcus  species,  Enterococcus  species) being almost twice as com-
mon as gram-negative pathogens ( Enterobacteriaceae , non- fermentative gram-nega-
tive bacilli) [ 4 ]. Fungal infections ( Candida  species,  Aspergillus  species, and other 
molds) generally develop in patients with prolonged neutropenia. Infections in neu-
tropenic patients have been dealt with in great detail elsewhere in this volume and 
will not be discussed further in this chapter.  

2.3     Humoral Immunity 

 Antibodies are produced by B lymphocytes (or B cells) and play a central role in 
the immune system’s response to various infections. They are not directly microbi-
cidal but possess various other mechanisms to help eradicate invading pathogens. 
For instance, IgM antibodies block pathogens binding to cells and also cause 
aggregation of infectious agents, which enhances their clearance. Antibody-coated 
organisms in turn activate monocytes/macrophages and promote the release of the 
proinfl ammatory cytokines. IgM antibodies also activate complement proteins 
which attract phagocytic cells. Responses to polysaccharides are mediated by the 
IgG class of immunoglobulins and provide protection against encapsulated organ-
isms such as  Streptococcus pneumoniae  and  Haemophilus infl uenzae . Impaired 
opsonization and phagocytosis may lead to fulminant infection with  S. pneu-
moniae . Immunoglobulins of the IgA variety defend mucosal surfaces against 
invading pathogens. Hypogammaglobulinemia is related to defi ciencies of both T 
cells and B cells.  

2.4     Cell-Mediated Immunity 

 Cell-mediated immunity protects the host from a wide spectrum of microbial 
 pathogens. Defects in cell-mediated immunity are common in patients with hema-
tologic malignancies including malignant lymphomas, in recipients of allogeneic 
   hematopoietic stem-cell transplantation (HST), and in patients treated with newer 
modalities (nucleoside analogs, monoclonal antibodies) and result in an increase in 
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infections caused by bacterial pathogens such as mycobacteria,  Salmonella  spp., 
 Nocardia  spp., and  Listeria monocytogenes ; fungal pathogens such as invasive 
molds , Candida  spp.,  Pneumocystis jiroveci , and  Cryptococcus neoformans ; a num-
ber of viral pathogens such as CMV and other herpes viruses; and  Strongyloides 
stercoralis  (Table  2.1 ). The management of infections associated with newer treat-
ment modalities has been discussed in detail elsewhere in this volume. Other infec-
tions seen in patients with malignant lymphomas will be discussed below.  

2.5     Bacterial Infections 

 As previously mentioned, infections caused by encapsulated organisms ( Streptococcus 
pneumoniae, Haemophilus infl uenzae ,  Neisseria meningitidis ) have been reported as 
being more frequent and more virulent in patients with impaired humoral immunity/

  Table 2.1    Infections in 
patients with impaired humoral 
(B-cell-mediated) and cellular 
(T-cell-mediated) immunity  

  Bacterial pathogens  

  Streptococcus pneumoniae  

  Haemophilus infl uenzae  

  Neisseria meningitidis  

  Nocardia  species 

  Salmonella  species 

  Listeria monocytogenes  

  Campylobacter  species 

  Legionella  species 

  Capnocytophaga  species 

 Mycobacteria 

  Fungal pathogens  

  Aspergillus  species 

 Zygomycetes ( Mucorales ) 

  Fusarium  species 

  Scedosporium  species 

  Pneumocystis jiroveci  

  Cryptococcus neoformans  

  Histoplasma capsulatum  (endemic areas) 

  Candida  spp. 

  Viral pathogens  

 Cytomegalovirus 

 Varicella-zoster virus 

 Herpes simplex virus 1 and 2 

 Epstein-Barr virus 

 Human herpes virus 6 

  Parasites  

  Toxoplasma gondii  

  Strongyloides stercoralis  

  Babesia microti  
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hypogammaglobulinemia. However, recent surveys indicate that both  H. infl uenzae  
and  N. meningitidis  are now quite uncommon, even in this setting [ 5 ,  6 ]. This decline 
is most likely the result of herd immunity due to the availability of effective immuni-
zation against these organisms and the practice of administering quinolone prophy-
laxis in high-risk patients. Infections caused by  S. pneumoniae  are more common but 
are also on the decline. A recent review of streptococcal bloodstream infections seen 
at a comprehensive cancer center over a 12-year span documented that the largest 
number of cases (45.6 %) was caused by  S. pneumoniae . However, there was a 55 % 
decline in frequency from the beginning of the review (2000) to the end of it (2011) 
[ 5 ]. These infections were more common in patients with solid organ malignancies 
than in patients with lymphomas and/or other groups with impaired humoral defense 
mechanisms. A signifi cant decline in penicillin- resistant  S. pneumoniae  was also 
documented. Only 4 % of the total pneumococcal bacteremias occurred in an age 
group in which the 7-valent pneumococcal conjugate vaccine (PCV7) is recom-
mended. The authors hypothesize that the continued vaccination of the pediatric 
population with PCV7 may be a major method of controlling invasive, antimicrobial-
resistant pneumococcal disease in the broad cancer population .  Other experts prefer 
the use of the 13-valent vaccine (PCV-13) for primary vaccination followed by 
booster vaccination with the 23-valent vaccine (Pneumovax-23) [ 7 ]. 

 Nocardiosis is caused by several species of  Nocardia , the most common of which 
are  Nocardia asteroides  complex,  N. brasiliensis ,  and N. otitidiscaviarum  (formerly 
 N. caviae ). Nocardiosis is uncommon in immunocompetent persons. Approximately 
half the number of cases occur in individuals with impaired cell-mediated immunity 
secondary to an underlying malignancy (most often lymphoma) or its treatment. 
Nocardiosis occurs less often in patients with impaired humoral immunity or with 
leukocyte abnormalities. T lymphocytes are essential for a host to mount an adequate 
immune response to  Nocardia  infection. Although T lymphocytes can kill  Nocardia  
in vitro, their primary role is to activate macrophages and stimulate a cellular 
response. Infection usually follows introduction of the organisms into the respiratory 
tract, although it is also acquired via direct inoculation into the skin.

   Data from a relatively large study (43 episodes) of nocardiosis in patients with cancer 
documented that 64 % of these patients had an underlying hematologic malignancy, 
with lymphoma being the most common [ 8 ]. Lymphocytopenia was present in 54 %, 
58 % had received corticosteroids, and 24 % had undergone hematopoietic stem cell 
transplantation. The most common sites of infection were the lungs (70 %) and soft tis-
sue (16 %).  Nocardia asteroides  complex was the most common species isolated. 
Central nervous system (CNS) infection and widespread dissemination were uncom-
mon (2 % each). When CNS disease is present, the differential diagnosis is wide and 
includes other pathogens such as  Cryptococcus neoformans ,  Toxoplasma gondii , and 
mycobacteria (predominantly  M. tuberculosis ) which are common in this setting, as well 
as the underlying malignancy (predominantly lymphoma) itself. Hence, the need for 
establishing a specifi c diagnosis is paramount. Trimethoprim/sulfamethoxazole (stan-
dard dosage) remains the backbone of therapy. It is often combined with agents such as 
the carbapenems, tetracyclines, or aminoglycosides [ 8 ,  9 ]. Prolonged treatment (up to 
6–12 months) is usually necessary, despite which the mortality rate is around 60 % [ 10 ]. 
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 Other bacterial infections that occur more frequently in patients with impaired 
cellular and/or humoral immunity include salmonellosis, legionellosis, listeriosis, 
and infections caused by  Campylobacter  and  Capnocytophaga  species. Bacteremia 
is the most common manifestation of salmonellosis, although other manifestations 
including gastroenteritis, cholangitis, septic arthritis, and meningitis also occur 
[ 11 – 13 ]. The morbidity and mortality associated with salmonellosis is greater in 
patients with underlying malignancies than in immunocompetent individuals. 
Resistance rates to antimicrobial agents commonly used to treat salmonellosis (fl uo-
roquinolones, ceftriaxone) may differ from region to region and appear to be 
increasing in some parts of the globe, although these organisms generally remain 
quite susceptible to the carbapenems [ 12 ]. Although much less common than sal-
monellosis, gastroenteritis and bacteremia caused by  Campylobacter  species does 
occur more frequently in patients with underlying lymphoid and gastrointestinal 
malignancies. Most cases involve elderly males. In one recent review of 
 Campylobacter  bacteremia, the rate of resistance to fl uoroquinolones was 32 %, but 
all isolates were susceptible to imipenem, and 99 % were susceptible to amoxicillin/
clavulanate [ 14 ]. There is a strong association between antecedent infection with 
 Campylobacter jejuni  and Guillain-Barre syndrome (GBS), with about a quarter of 
patients who develop GBS giving a history of recent  C. jejuni  infection [ 15 ]. This 
may lead to the generation of antibodies which cause acute axonal damage and 
result in acute motor axonal neuropathy [ 16 ]. 

 Infections caused by  Legionella  species (primarily  Legionella pneumophila ) 
occur in immunocompromised individuals, including those with malignant lympho-
mas, as well as in immunocompetent individuals [ 17 ]. Often, hospital water systems 
harbor  Legionella  species, and most cases of hospital-acquired legionellosis can be 
traced to such sources [ 18 ]. Consequently, monitoring of hospital water systems for 
the presence of  Legionella  (and other potential pathogens) is mandatory, and guide-
lines for how to do this and how to deal with outbreaks where they do occur have 
been published [ 19 ]. However, patients with malignant lymphomas may also acquire 
legionellosis from household water or whirlpools that have been inactive for a 
while. Pneumonia is the most common manifestation, and it cannot be distinguished 
clinically or radiographically from other forms of pneumonia [ 20 ]. The detection of 
urinary antigens and/or culture on special media is usually required to make a spe-
cifi c diagnosis. The fl uoroquinolones and macrolides are used most often for treat-
ment which needs to be longer in duration in immunosuppressed individuals than in 
those who are immunocompetent. 

 Listeriosis is caused by  Listeria monocytogenes , a facultative anaerobic gram- 
positive bacillus. Although  L. monocytogenes  can infect immunocompetent indi-
viduals, those with abnormalities in cellular immunity are at particular risk. The 
predominant source of infection is the consumption of raw milk or products 
(cheese) made from raw milk, although some cases have been associated with 
pasteurized milk as well [ 21 ,  22 ]. In a recent review of listeriosis, 12 of 34 patients 
(35 %) had an underlying lymphoid malignancy [ 23 ]. Lymphocytopenia was 
observed in 62 % of patients, and 76 % had received prior corticosteroid therapy. 
In 11 patients listeriosis complicated hematopoietic stem cell transplantation. 
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Bacteremia (74 %) was the most common presentation followed by meningoen-
cephalitis (21 %). Although the overall response to antimicrobial therapy (most 
commonly ampicillin and gentamicin) was 79 % only, three of six patients with 
meningoencephalitis responded. 

  Capnocytophaga  species are facultative anaerobic gram-negative bacilli that are 
part of the normal human oral fl ora. In one report of 28 patients with bacteremia 
caused by  Capnocytophaga  species, 11(21 %) had an underlying lymphoma, and 11 
had CLL [ 24 ]. Ninety three percent were neutropenic at the onset of infection, and 
50 % had moderate to severe mucositis.  Capnocytophaga ochracea  was the most 
common species isolated, and 14 % of these infections were polymicrobial. 
Fluoroquinolone resistance is not uncommon, but the organisms are generally sus-
ceptible to beta-lactam antimicrobial agents (penicillins, cephalosporins, and 
carbapenems).  

2.6     Mycobacterial Infections 

 Cell-mediated immunity plays an essential role in the control of mycobacterial 
infections. T cells elaborate cytokines that are capable of activating macrophage 
antibacterial activities [ 25 ]. It is this cell-mediated response that is responsible for 
controlling primary infection with  Mycobacterium tuberculosis . Conditions that 
compromise cell-mediated immunity allow the infection to spread and cause symp-
tomatic disease [ 25 ]. Mycobacterial infection in such patients frequently becomes 
far advanced before it is suspected and diagnosed. 

 The association between tuberculosis and Hodgkin’s disease [HD] or hairy cell 
leukemia has been well described [ 26 – 29 ]. Tuberculosis can precede the diagnosis 
of HD, occur concomitantly, or develop during treatment for HD. It can also develop 
after HD therapy has been completed, making it diffi cult to differentiate it from 
refractory or relapsed disease. These features were highlighted in a recent retrospec-
tive review of 70 pediatric patients with HD [ 26 ]. Fourteen of these patients (20 %) 
had pulmonary tuberculosis. In three, tuberculosis was diagnosed before HD, two 
had both entities concomitantly, in seven it occurred during treatment, and in two 
patients it was diagnosed post HD therapy. Cough and fever were the most common 
symptoms, and diffuse pulmonary infi ltrates with or without mediastinal enlarge-
ment were the most common radiographic fi ndings. Specifi c therapy resulted in 
response in all 14 patients. 

 Nontuberculous mycobacterial infections are less common than tuberculosis in 
patients with malignant lymphomas [ 30 – 33 ]. They produce pulmonary infections, 
lymphadenitis, soft-tissue infections, and disseminated disease [ 30 ]. The species 
isolated most often are  M. avium-intracellulare ,  M. abscessus ,  M. chelonae ,  M. 
fortuitum ,  M. kansasii , and  M. marinum . Prolonged, multiple drug therapy is usu-
ally administered for actively progressive infection. A detailed discussion of the 
diagnostic and therapeutic strategies for mycobacterial infections is beyond the 
scope of this chapter. However, specifi c guidelines dealing with these issues are 
available [ 34 ,  35 ].  
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2.7     Fungal Infections 

 Invasive mold infections caused primarily by  Aspergillus  species, and less frequently 
by the zygomycetes,  Fusarium  species, and other fi lamentous fungi are seen not only 
in patients with prolonged neutropenia but also in those with impaired cellular immu-
nity and prolonged corticosteroid usage. Pneumonia is the most common manifesta-
tion of invasive mold infections although fungemia and dissemination to other 
organs, particularly the CNS, can occur. The clinical manifestations, radiographic 
features, and histopathologic fi nding of infections caused by these fungi are often 
indistinguishable from each other. The diagnosis and management of these infec-
tions has been dealt with in detail elsewhere in this volume. 

  Pneumocystis  pneumonia (PCP) has traditionally been associated with impaired cell-
mediated immunity resulting in reactivation of a dormant infection [ 36 ]. The clinical 
presentation is usually subacute. Common clinical features include fever, a nonproduc-
tive cough, and progressive dyspnea. Often the presentation is subacute, and conse-
quently a high index of suspicion is necessary in the right setting. Patients at risk for PCP 
who are not receiving prophylaxis and who develop elevated LDH levels often have 
smoldering infection and should undergo appropriate diagnostic evaluation. The most 
common radiographic fi nding is a diffuse bilateral reticulonodular pulmonary infi ltrate 
although atypical lesions such as granulomatous pulmonary nodules have been described 
[ 37 ]. The diagnosis is usually made by demonstrating the organisms on respiratory spec-
imens (including biopsy tissue) using a number of special stains (methenamine silver, 
Wright-Giemsa, or immunofl uorescent staining). High-dose trimethoprim/sulfamethox-
azole (TMP/SMX) is the agent of choice for the treatment of PCP and is also strongly 
recommended for prophylaxis in high-risk patients. 

 Rituximab is a chimeric human/murine monoclonal antibody which targets the 
B-cell-specifi c antigen CD20. It has been used effectively for the treatment of B-cell 
lymphoma. In recent years, several reports have documented the increasing fre-
quency of PCP in patients with aggressive B-cell lymphoma being treated with 
R-CHOP 14 (biweekly rituximab, cyclophosphamide, Adriamycin, and prednisone) 
but not with R-CHOP 21 (the same regimen given every 3 weeks) [ 38 ]. Most of these 
patients were not severely immunosuppressed with CD4+ T lymphocyte counts 
being >200/mm 3  and immunoglobulin levels being within the normal range. It has 
been postulated by some investigators that the reason for the increased risk of PCP is 
the greater intensity of corticosteroid exposure as well as the cumulative corticoste-
roid dose [ 38 ]. Others have suggested that B-cell depletion caused by rituximab may 
play a role in increasing the risk of PCP [ 39 ]. PCP prophylaxis is now strongly rec-
ommended in this subset of patients and has been shown to be effective [ 40 ]. 

 Cryptococcosis is caused by two sibling species,  Cryptococcus neoformans  and 
 Cryptococcus gattii . The primary site of infection is the lung which follows the 
inhalation of cryptococcal spores [ 41 ]. Dissemination usually involving the CNS 
occurs in severe cases. Both species cause infection in immunocompetent and 
immunosuppressed individuals. Several reports have noted the association between 
cryptococcosis, lymphoproliferative disorders (especially lymphomas), and 
impaired cell-mediated immunity [ 42 ]. In recent reports chemotherapy regimens 
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which include rituximab have been implicated as a risk factor for cryptococcosis 
[ 43 – 45 ]. Fever and meningeal symptoms are the most common manifestations of 
cryptococcal meningitis. Cerebrospinal fl uid (CSF) abnormalities include raised 
CSF opening pressure, lymphocytosis, elevated proteins, and low glucose levels. 
The diagnosis is made by visualization of the organism in the CSF by India Ink 
staining and/or its recovery on culture. Cryptococcal antigen is also detected in CSF 
and serum in most cases. Induction therapy with amphotericin B (or its lipid formu-
lations) plus 5-fl uorocytosine, followed by maintenance therapy with fl uconazole, is 
the current standard of care. Detailed guidelines for the management of cryptococ-
cosis have been published [ 46 ]. Histoplasmosis is far less common than cryptococ-
cosis in cancer patients with impaired cell-mediated immunity [ 47 ]. It can cause 
pulmonary, CNS, or disseminated infection and should be considered in the differ-
ential diagnosis in endemic areas of the world.  

2.8     Parasitic Infections 

 Toxoplasmosis is one of the most common parasitic infestations in man. Most cases 
in immunocompetent individuals are asymptomatic [ 48 ]. Disseminated disease 
which can often be fulminant generally occurs in immunocompromised individuals, 
with the CNS, lungs, and heart being the most common sites of involvement. 
Toxoplasmosis has occasionally been described in patients with lymphoprolifera-
tive disorders (primarily lymphomas). Even in this setting, disseminated toxoplas-
mosis usually occurs after allogeneic HSCT has resulted in increased 
immunosuppression [ 49 – 52 ]. In a review of 2,574 transplant procedures performed 
at 16 participating centers, the Gruppo Italiano Malattie Ematologiche dell’Adulto 
(GIMEMA) found the incidence of toxoplasmosis to be 1.9/1,000 in autologous 
transplant recipients and 8/1,000 in allogeneic transplant recipients [ 53 ]. The group 
postulated that the relative rarity of toxoplasmosis in this setting was probably due 
to diffi culties in establishing a diagnosis and due to the administration of prophy-
laxis with TMP/SMX, since such patients are also at risk for PCP. 

 Many cases are diagnosed postmortem. Consequently, in the right clinical setting, a 
high index of suspicion needs to be maintained and the appropriate battery of diagnos-
tic tests needs to be ordered. Computerized tomography (CT) or magnetic resonance 
imaging (MRI) of the brain reveals multiple hypodense lesions, often with moderate 
contrast ring enhancement. The diagnosis can be confi rmed by serological testing or 
biopsy, if feasible. Empiric therapy against  Toxoplasma gondii  is often administered in 
immunosuppressed individuals with encephalopathy and ring-enhancing CNS lesions 
while other diagnostic information is pending. Specifi c therapy consists of pyrimeth-
amine plus sulfadiazine, or spiramycin. Alternative agents such as clindamycin, atova-
quone, and TMP/SMX have also been used for treatment and/or prophylaxis. 

  Strongyloides stercoralis  is a soil-transmitted helminth that has been estimated to 
infect 3–100 million people globally, primarily in tropical and subtropical regions 
but also in Europe and the United States.    Lymphoma is the most common malig-
nancy associated with strongyloidiasis [ 54 ]. Inhibition of cell-mediated immunity, 
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humoral immunity, or mucosal immunity may trigger transformation from the rhab-
ditiform to the fi lariform larval form of the parasite. This may be followed by migra-
tion from the small intestine to the lungs or gastrointestinal tracts (hyperinfection 
syndrome) or other organs (disseminated disease) [ 55 ]. Immunosuppression induced 
by corticosteroids often triggers the development of hyperinfection or dissemina-
tion. The most common clinical features include fever accompanied by gastrointes-
tinal symptoms such as diarrhea and abdominal pain/cramping. Pulmonary infi ltrates 
and pleural effusions which are often hemorrhagic can develop, followed by respi-
ratory insuffi ciency/failure [ 56 ]. Concomitant bacteremia most often caused by 
enteric gram-negative bacilli  (E. coli ,  Klebsiella  species,  P. aeruginosa ) and anaer-
obes ( Bacteroides  species) occurs not infrequently and is often polymicrobial. Up to 
55 % of patients with disseminated infection may develop meningitis. Diagnosis is 
based on demonstrating the organisms in stools, and respiratory or other appropriate 
samples, and by serological (ELISA) testing. Ivermectin is the therapeutic agent of 
choice with thiabendazole and albendazole being alternatives. Guidelines for the 
prevention and management of strongyloidiasis are limited and not defi nitive. 
Screening of high-risk patients (allogeneic HSCT recipients, corticosteroid usage) 
is recommended particularly in endemic areas. 

 Babesiosis is a tick-borne malaria-like illness caused by intraerythrocytic proto-
zoa,  Babesia microti , in endemic areas. Although asymptomatic parasitemia can per-
sist for up to a year or more, the infection usually resolves after the administration of 
a single course of antiparasitic therapy (atovaquone and azithromycin or clindamycin 
and quinine). Clearance of the parasites is mediated through both the innate and 
adaptive branches of the immune system. Persistent, relapsing babesiosis, despite 
repeated courses of antiparasitic therapy, usually occurs in patients with B-cell lym-
phoid malignancies, as highlighted in a recent report [ 57 ]. Most of these patients had 
also received therapy with rituximab-based regimens, which leads to severe deple-
tion of CD20-positive B cells. Additionally, approximately three-fourths of these 
patients were asplenic. Such patients have higher levels of parasitemia, a stormy 
clinical course, and poorer outcomes than patients with intact humoral immunity. 
Consequently, they require anti-babesial treatment (atovaquone and azithromycin) 
for at least 6 weeks, including 2 weeks after the parasitemia has been cleared.  

2.9     Central Nervous System Infections 

 Although infrequent (<10 %), CNS infections present special diagnostic and thera-
peutic challenges [ 58 ]. Most patients with CNS infections will have mass lesions or 
meningeal manifestations. Meningitis and encephalitis tend to present acutely, 
whereas infections that cause cerebral masses generally tend to have a subacute or 
chronic presentation. In patients with B-cell defi cits, meningitis is generally caused 
by encapsulated organisms ( S. pneumoniae ,  H. infl uenzae ,  N. meningitidis ). In con-
trast, patients with impaired cellular immunity develop meningitis caused by  L. 
monocytogenes and Cryptococcus  species. CNS mass lesions, on the other hand, are 
often caused by fungi ( Aspergillus  species and less often  Mucorales ,  Cryptococcus  
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species, or  Histoplasma capsulatum ); bacteria such as  Nocardia  species; 
 mycobacteria, especially  M. tuberculosis ; and parasites such as  Toxoplasma gondii . 
Mass lesions in the lung and brain are suggestive  of Nocardia  or mold infection 
rather than toxoplasmosis. Although following a symptomatic approach and taking 
into consideration the underlying immunologic defi cit(s) are useful strategies that 
can guide empiric therapy, making a specifi c diagnosis is essential in order to pro-
vide targeted therapy. Bacterial meningitis, cryptococcal meningitis, and tuberculo-
sis are usually not diffi cult to diagnose using various stains, culture techniques, and 
serological testing. In contrast, patients with CNS masses usually require a tissue 
biopsy to arrive at a specifi c diagnosis. In addition to the pathogens mentioned 
above, meningoencephalitis can result from infection with certain viruses including 
HSV, VZV, CMV, and HHV6. The most common noninfectious cause of mass-like 
lesions is CNS lymphoma.  

2.10     Pulmonary Infections 

 The lung is a common site of infection in patients with malignant lymphomas. The 
etiology of pulmonary infi ltrates in this setting is varied, and in a manner similar to 
the management of patients with CNS infections, the onus is on establishing a spe-
cifi c diagnosis, based on which specifi c or targeted therapy can be given. Not infre-
quently the etiology of pulmonary infi ltrates is polymicrobial, and sequential 
infections also occur in the face of sustained immunosuppression. Common gram- 
positive and gram-negative organisms, multidrug-resistant bacterial pathogens, 
mycobacteria,  Nocardia  species,  Pneumocystis jirovecii , fi lamentous fungi, viruses, 
and occasionally parasitic organisms can all be responsible for pulmonary infi l-
trates. The diagnostic approach and overall management of patients with pulmonary 
infi ltrates is discussed in detail elsewhere in this volume.     
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  3      Consequences from Specific Treatment 
Modalities 

             Georg     Maschmeyer     

        While       the depth and duration of granulocytopenia (neutropenia) represents the most 
important risk factor for infections in hematologic patients, other treatment- or dis-
ease-related aspects of immunosuppression must be taken into consideration. 
Without wanting to provide an exhaustive review of all these aspects, the following 
treatment modalities will be addressed here:
•    Purine analogs (fl udarabine, cladribine, pentostatin)  
•   Monoclonal antibodies to CD20, CD52, and TNF-alpha    

 Most hematologic cancer patients treated with one of these compounds typically 
receive a combination of these and/or a combination with classical cytostatic drugs. 
Thus, immunosuppression associated with these treatment modalities will in gen-
eral be multifactorial, e.g., cellular immunodefi ciency plus neutropenia. Moreover, 
the underlying hematologic malignancies by themselves frequently cause immune 
defects such as granulocytopenia or humoral immunodefi ciency. The specifi c 
aspects addressed here therefore are mostly additive to the problem of therapy- 
induced myelosuppression. 
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3.1     Purine Analogs 

 The two purine analogs most frequently used to treat hematologic malignancies are 
fl udarabine and cladribine (2-chlorodeoxyadenosine). Both drugs induce a pro-
found depletion of T cells lasting for several months [ 1 – 3 ] and are associated with 
a substantial risk of opportunistic infections typically controlled by cellular immune 
defense: reactivation of viral infections (cytomegalovirus (CMV), varicella zoster, 
and herpes simplex virus), Pneumocystis pneumonia (PcP), listeriosis, candidiasis, 
or mycobacteriosis. Primarily, B cell lymphomas such as chronic lymphocytic leu-
kemia (B-CLL) or hairy cell leukemia, which also inherently induce immunosup-
pression due to hypogammaglobulinemia, are treated with fl udarabine or cladribine. 
When fl udarabine in combination with cyclophosphamide (FC regimen) and/or the 
CD20 antibody rituximab (FCR), eventually also with glucocorticoids added, is 
used in patients with late-stage chronic lymphocytic leukemia, an approximately 
60 % incidence of infections has been reported [ 4 ]. In contrast, fl udarabine-based 
fi rst-line treatment of B-CLL is associated with lower infection rates of around 
15–20 % [ 5 – 7 ], which are not different to those associated with other treatment 
modalities such as CAP (cyclophosphamide, adriamycin, and prednisone) or CHOP 
(same agents plus vincristine) [ 8 ]. Also, no difference in infection rates were 
observed between CLL patients with fl udarabine alone and those treated with FC 
[ 9 ] nor between patients treated with FC and those treated with FCR [ 7 ,  10 ]. In 
patients with far advanced B-CLL or other indolent lymphoma who are at higher 
age and have been treated with other antineoplastic regimens before, the risk of 
infectious complications occurring under fl udarabine-based treatment can be pre-
dicted using a multiparameter risk assessment [ 11 ]. 

 However, in many patients treated with fl udarabine or cladribine, antimicrobial 
prophylaxis against Pneumocystis, varicella zoster, herpes simplex, and yeast infec-
tions, i.e., trimethoprim-sulfamethoxazole (TMP-SMX), acyclovir, and fl uconazole, 
is routinely given. As a consequence, these infections (as well as toxoplasmosis, 
nocardiosis, or listeriosis) do not primarily have to be taken into consideration in 
case of fever or clinically documented infection, provided the patient has been 
adherent to prophylaxis. This might be different for PcP, if sulfa resistance in 
 Pneumocystis jirovecii  conferred by dihydropteroate synthase mutation [ 12 ,  13 ] is a 
relevant problem in the local epidemiology. 

 Table  3.1  shows the list of infectious agents to be taken into account in patients 
with fever/infection under or within several months after purine analog treatment.

   As a practical consequence, in patients with fever of unknown origin after purine 
analog treatment, peripheral blood should be checked for CMV reactivation (pp65 
or preferably PCR); patients with fever and lung infi ltrates should undergo bron-
choscopy and bronchoalveolar lavage (BAL) to be examined for  P. jirovecii , CMV, 
mycobacteria, and fi lamentous fungi in addition to conventional bacteriology. 
Please note that the determination of CMV copies in peripheral blood does not 
replace testing of respiratory secretions and that in BAL, nucleic acid amplifi cation 
(PCR) alone may only exclude CMV or  P. jirovecii  infection, if negative, but does 
not prove these infections, if positive. 
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 For antimicrobial treatment in these patients, a broad-spectrum beta-lactam anti-
biotic with activity against P. aeruginosa and  S. aureus , selected on the basis of the 
local in vitro susceptibility patterns, should initially be administered. Once results 
of microbiological analyses are available, appropriate adjustment of this initial 
treatment is required. In single patients without reliable TMP-SMX prophylaxis, 
who have typical pulmonary infi ltrates sparing out subpleural spaces and a rapidly 
increased lactate dehydrogenase (LDH) in blood, preemptive start of high-dose 
intravenous TMP-SMX may be indicated before BAL results are known or even 
before bronchoscopy is performed. BAL samples remain positive for  P. jirovecii  
several days after initiation of TMP-SMX therapy [ 15 ].  

3.2     Monoclonal Antibodies 

3.2.1     Anti-CD20 Antibodies 

 Monoclonal antibodies targeting the CD20 molecule on the surface of lymphoid 
cancer cells, predominantly rituximab but also ofatumumab and obinutuzumab 
(GA101), are routinely included in the treatment of patients with CD20-positive B 
cell lymphoma or, in case of rituximab, acute lymphoblastic leukemia. They cause 
a rapid depletion of CD20-positive B cells from peripheral blood; however, this is 
not associated with a signifi cant increase in infection rates [ 7 ,  10 ,  16 ]. When ritux-
imab is used for post-remission maintenance treatment in lymphoma patients, the 

  Table 3.1    Microbial 
pathogens to consider in 
lymphoma patients treated 
with purine analogs  

  L. monocytogenes  a  

  S. pneumoniae  

  Staphylococcus spp.  

  Pseudomonas spp.  

 Gram-negative aerobic bacilli 

  N. meningitidis  

  Candida spp.  b  

  Aspergillus spp . 

  Cryptococcus neoformans  b  

 Varicella zoster virus c  

 Herpes simplex virus c  

 Cytomegalovirus 

  P. jirovecii  a  

 Typical and atypical mycobacteria 

  Adapted from Tsiodras et al. [ 14 ] 
  a Less likely among patients under trimethoprim-sulfamethoxa-
zole prophylaxis 
  b Less likely among patients under fl uconazole prophylaxis 
  c Less likely among patients under acyclovir prophylaxis  
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risk of fever and infections is higher than in comparable patients without rituximab 
maintenance [ 17 ,  18 ], but a characteristic pattern of infectious problems, e.g., as a 
consequence of immunoglobulin defi ciency, has not been reported. Therefore, a spe-
cifi c diagnostic or therapeutic approach to patients who develop fever and infection 
after CD20 antibody treatment cannot be recommended. Severe hypogammaglobu-
linemia, present in many patients with indolent B cell lymphomas independently 
from CD20 antibody treatment, may give reason for immunoglobulin G substitution. 

 Apart from opportunistic bacterial or fungal infections, the risk of hepatitis B 
virus (HBV) reactivation is considerably increased (approximately fi vefold) in ritux-
imab-treated patients [ 19 ,  20 ], as is the risk of hepatitis C virus (HCV) reactivation 
[ 21 ]. As a consequence, serological screening for HBV and HCV is recommended 
for patients to be treated with these CD20 antibodies [ 22 ], and transaminases should 
be monitored in patients with a positive HBV or HCV serology. Apart from HBV 
and HCV reactivation, also the risk of progressive multifocal leukoencephalopathy 
(PML) has reportedly been increased in rituximab recipients, predominantly those 
with lymphoproliferative disease [ 23 ], so that in patients with signs or symptoms of 
central nervous system, a search for JC virus replication may be considered.  

3.2.2     Alemtuzumab (Anti-CD52 Antibody) 

 The administration of alemtuzumab (Campath), typically given for treatment of 
B-CLL or T cell lymphoma, results in a severe lymphocytopenia lasting for more 
than a year. Patients with these lymphoproliferative malignancies frequently have 
an inherent immune defi ciency, so that the combined risk of opportunistic infections 
is very high; however, it has been clearly shown that patients treated early in the 
course of their disease with alemtuzumab have a markedly lower infection rate as 
compared to patients with far advanced, relapsed, or refractory lymphoma [ 24 ,  25 ]. 
When given for fi rst-line treatment in 41 patients with B-CLL, who received antimi-
crobial prophylaxis with TMP-SMX, acyclovir, and fl uconazole, CMV reactivation 
has been the predominant infectious event [ 25 ]. In contrast infectious complications 
were observed in 55 % of 93 patients undergoing alemtuzumab therapy for relapsed 
and refractory CLL [ 26 ]. TMP-SMX and acyclovir prophylaxis as well as monitor-
ing of blood samples for CMV reactivation (weekly or every other week) is manda-
tory. A high incidence of infections must be expected also in patients receiving 
systemic antimicrobial prophylaxis. Among infectious events occurring in alemtu-
zumab recipients, CMV reactivation and other viral infections are predominant with 
40–45 %, followed by bacterial (35–40 %) and fungal (17–21 %) infections includ-
ing PcP [ 27 ]. Also protozoal infections and PML have been reported in these 
patients [ 28 ]. Severe and fatal infections have been observed particularly in patients 
with B-CLL given alemtuzumab for consolidation after successful remission induc-
tion [ 29 ,  30 ]. A specifi c guideline on the use of alemtuzumab, particularly with 
respect to severe infections, is available [ 31 ]. 

 Table  3.2  shows infections and pathogens documented in patients who under-
went alemtuzumab treatment.
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   Diagnostic procedures to be considered in patients with fever or other signs of 
infection after alemtuzumab treatment must take the extremely broad spectrum of 
potential pathogens into account. Apart from conventional microbiological proce-
dures, applied on blood cultures or other body fl uids according to the respective 
clinical syndrome, serologic and molecular methods to detect active viral replica-
tion or to exclude pulmonary tuberculosis will often be required. In patients with 
persistent fever and/or signs of infection despite broad-spectrum antimicrobial 
treatment, invasive procedures such as bronchoscopy, fi ne-needle biopsy, lumbar 
puncture, or colonoscopy must be considered. Similar to patients who underwent 
purine analog treatment, antimicrobial treatment is initiated with a broad-spectrum 
beta-lactam antibiotic and later modifi ed according to diagnostic fi ndings or pre-
emptively with respect to the presumed causative pathogen(s).  

3.2.3     Antibodies to Tumor Necrosis Factor Alpha (TNF-Alpha) 

 Tumor necrosis factor-alpha mediates essential infl ammatory responses to micro-
bial pathogens, including release of proinfl ammatory cytokines such as interleukin- 
1beta, interleukin-6, interleukin-8, and monocyte chemoattractant protein-1 as well 
as of adhesion molecules and the activation of phagocytosis, T cell activation, and 
stimulation of antibody production by B cells. Their immunomodulatory effects are 

  Table 3.2    Infections and 
microbial pathogens to 
consider after alemtuzumab 

treatment (   [ 27 ,  32 ])  

 Cytomegalovirus 

 Herpes simplex virus 

 Varicella zoster virus 

 Human herpesvirus 6 

 Epstein-Barr virus 

 Parvovirus 

 Infl uenza 

 Septicemia 

 Pneumonia 

 Meningitis 

 Tuberculosis 

 Cellulitis 

 Fever of unknown origin 

 Pneumocystis pneumonia 

 Aspergillosis 

 Systemic candidiasis 

 Mucormycosis 

 Cryptococcosis 

 Fusariosis 

 Scedosporiosis 

 Cryptosporidiosis 

 Microsporidiosis 
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mediated via downregulation of TNF-induced expression of pattern-recognition 
receptors, reduction of gamma interferon production, apoptosis of monocytes, and 
an impairment of TNF-mediated granuloma formation [ 33 ]. TNF antagonists such 
as infl iximab, etanercept, adalimumab, or certolizumab pegol are mainly used in 
patients with severe rheumatic diseases and chronic infl ammatory bowel disorders, 
but infl iximab or etanercept are also given to allogeneic hematopoietic stem cell 
transplant recipients with severe graft-versus-host disease (GVHD) refractory to 
more routine immunosuppressive treatment [ 34 – 37 ]. Only the latter patient group 
will be addressed here. While these patients are at extremely high risk of opportu-
nistic infections already because of their underlying conditions and all of them are 
treated not only with TNF antagonists but also a broad array of other immunosup-
pressants including high doses of glucocorticoids, it has been demonstrated that the 
addition of the TNF antagonist infl iximab to GVHD management with cyclosporine 
and methotrexate resulted in a signifi cant increase of bacterial and fungal infections 
[ 38 ]. Published reports and reviews suggest that the risk of bacterial, viral, and fun-
gal infection is increased in GVHD patients treated with TNF antagonists [ 34 ], and 
this risk apparently was higher among patients treated with infl iximab than with 
etanercept [ 33 ]. Gram-negative as well as gram-positive bacterial infections have 
been documented in these patients, and among viral infections, CMV as well as 
respiratory viruses play a relevant role [ 34 ]. Invasive fungal infections caused by 
 Candida spp .,  Aspergillus spp ., and  Cryptococcus neoformans , but also endemic 
mycoses (in affected areas), primarily histoplasmosis and coccidioidomycosis, have 
been reported in these patients [ 33 ]. The risk of these infections increases at a haz-
ard ratio of 13.6 (95 % confi dence interval, 2.3–80.2) in patients with severe GVHD 
treated with infl iximab [ 39 ]. 

 Similar to the diagnostic recommendations given above for patients treated with 
alemtuzumab, a simple algorithm to be applied for the clinical workup of patients 
fever or other signs of infection after anti-TNF treatment for GVHD cannot be 
given, because the whole spectrum of viral, bacterial, fungal, and protozoal patho-
gens must be taken into consideration – also in patients undergoing systemic anti-
microbial chemoprophylaxis. With respect to their high incidence and poor 
prognosis after deferred treatment, opportunistic mycoses should aggressively be 
addressed in these patients, and systemic antimicrobial treatment should very early 
include a broad-spectrum antifungal agent such as liposomal amphotericin B or 
voriconazole.      
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4.1            Introduction 

 High-dose chemotherapy and autologous hematopoietic stem cell transplantation 
(HSCT) is the standard treatment for some hematologic malignancies, especially 
multiple myeloma (MM), lymphoma (Hodgkin’s and non-Hodgkin’s), and acute 
myeloid leukemia (AML). Infection represents an important cause of morbidity 
after autologous HSCT, but its frequency and etiology depends on the presence of 
various risk factors. 

 The risk of infection in autologous HSCT recipients is the result of the interaction 
between the host, pathogens, and environmental exposure. Infections develop when 
an imbalance occurs between the weakened protective defense mechanisms of the 
host and the virulence factors of the offending pathogen. Table  4.1  presents a list of 
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    Table 4.1    Risk    factors for infection after high-dose chemotherapy and autologous hematopoietic 
stem cell transplantation   

 Risk factor for infection 

 Risk category 

 Low  High 

 1. Pretransplant 

  General condition including organ function  

  Performance status  Good  Poor 

  Renal failure  No  Yes 

  Diabetes mellitus  No  Yes 

  Iron stores [ 1 ]  Normal or 
decreased 

 Increased 

  Age  Younger 
(<40 years) 

 Older (>65 years) 

  Smoking [ 1 ]  No  Yes 

  Underlying disease and its treatment  

  Tumor burden  None  Large 

  Disease-related immunosuppression a   Absent  Present 

  Prior chemotherapy  None or minimal  Extensive 

   Receipt of purine analogues (fl udarabine, cladribine, 
clofarabine) or monoclonal antibodies (rituximab, 
alemtuzumab) 

 No  Yes 

  Exposure to pathogens  

  Prior history of infection b   No  Yes 

  Colonization with pathogens (bacteria, fungi)  No  Yes 

  Immunogenetics  

  Defi ciency of MBL [ 2 ,  3 ]  No  Yes 

 2. Pre-engraftment period 

  Duration of neutropenia  [ 1 ]  Short (<7 days)  Long (>10 days) 

  Stem cell source  Peripheral blood  Bone marrow 

  Quantity of stem cells infused c   >5 × 106/Kg 
CD34+ cells 

 <2 × 106/Kg 
CD34+ cells 

  Severity of oral and gastrointestinal mucositis   Absent or mild  Severe 

  Conditioning regimen  Less intensive  Intensive 

   Polymorphisms of genes associated with metabolism 
of chemotherapeutic agents (pharmacogenetics) 

 Absent  Present 

  Renal failure d   Absent  Present 

  Exposure to pathogens  

   Nosocomial exposure to potential pathogens (water 
and airborne pathogens such as  Legionella , 
 Aspergillus  spp. and other molds, resistant bacteria, 
respiratory viruses) 

 No  Yes 

 3. Post-engraftment 

  T cell immune reconstitution   Fast  Delayed 

  Prior chemotherapy [ 4 ]  Minimal  Extensive 
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risk factors for infection in the different periods: pretransplant, early pre- engraftment, 
and post-engraftment period. Assessment of the risk of infection in each period and 
the identifi cation of patients at higher risk of specifi c infections are critical to the 
appropriate management of infectious complications after autologous HSCT.

   An important and diffi cult element of risk assessment in autologous HSCT recip-
ients is to quantify the risk associated with the status of the underlying disease and 
prior therapies. For example, a patient with MM who undergoes a fi rst autologous 
HSCT after having received a short course of induction therapy with dexametha-
sone plus thalidomide and whose disease is under control is at lower risk for certain 
infections compared with a patient with the same underlying disease, but who is 
receiving a third or fourth autologous HSCT in the setting of relapse after multiple 
treatment lines.  

4.2     Risk for and Epidemiology of Infection 

 Immunodefi ciency is the key risk factor for infection in autologous HSCT recipi-
ents. It is a result of interplay between the underlying disease and its therapy and 
may involve breakdowns in skin and mucous membrane barriers, qualitative and 

Table 4.1 (continued)

 Risk factor for infection 

 Risk category 

 Low  High 

  CMV serostatus [ 5 ]  Negative  Positive 

  Need for additional chemotherapy to control the 
underlying disease e  

 No  Yes 

  In vitro manipulation of stem cells c  [ 6 ,  7 ]  No  Yes 

  Exposure to pathogens  

  Prior history of infection b   No  Yes 

   Community-acquired infections, especially 
respiratory viruses 

 No  Yes 

   MBL  mannose-binding lectin,  TLR  Toll-like receptors,  CMV  cytomegalovirus 
  a Most common disease-related immunosuppression include: hypogammaglobulinemia (multiple 
myeloma, low-grade B-cell non-Hodgkin’s lymphoma, chronic lymphocytic leukemia), T-cell 
mediated immunodefi ciency (Hodgkin’s lymphoma and certain types of non-Hodgkin’s lym-
phoma) and neutrophil dysfunction (acute myeloid leukemia with myelodysplasia) 
  b Infections with higher risk of recurrence after autologous hematopoietic stem cell transplantation 
include: mycobacteriosis (tuberculosis and others), aspergillosis, pneumocystosis, cytomegalovi-
rus, herpes simplex and varicella-zoster virus, and toxoplasmosis and strongyloidiasis 
  c In vitro manipulation of stem cells decreases the content of CD34+ and T cells, increasing the 
duration of neutropenia in the early post-transplant period and delaying T cell immune reconstitu-
tion after transplant 
  d Renal failure increases the risk of severe mucositis in patients with multiple myeloma receiving 
melphalan-based conditioning regimens 
  e Need for additional chemotherapy in lymphoma and acute myeloid leukemia is usually related to 
relapse of the underlying disease, whereas in multiple myeloma additional chemotherapy is usu-
ally part of the treatment strategy  
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quantitative defects in various arms of the immune system including innate immu-
nity (neutropenia, neutrophil dysfunction), impaired production of immunoglobu-
lins, and defective cell-mediated immunity (CMI). While autologous HSCT 
recipients have defi cits in various arms of the immune system, the nature of the 
pathogens causing infection is frequently determined by the immunodefi ciency that 
is predominant at a given time (Tables  4.2  and  4.3 ).

    Pretransplant variables that signifi cantly impact the risk for major infection 
include host factors such as poor performance status and older age, comorbidities 
such as diabetes and renal failure [ 8 ], iron overload [ 1 ], smoking [ 1 ], and high 
tumor burden. In addition, the risk and pattern of infection after autologous HSCT 
are strongly infl uenced by the intensity of prior treatment for the underlying disease 
and the type of treatment. For example, patients who received purine analogues and 
monoclonal antibodies are at increased risk for specifi c infections post-transplant 
[ 9 ,  10 ]. Finally, some genetic polymorphisms in genes linked to the innate immu-
nity are associated with an increased risk of infection. In a series of 113 autologous 
HSCT for multiple myeloma, patients homozygous for wild-type mannose-binding 
lectin (MBL) 2 were at lower risk to develop septicemia compared with patients 
carrying the variant MBL2 [ 2 ]. In another study, MBL defi ciency was associated 
with higher risk of bacterial infections [ 3 ]. 

   Table 4.2    Immunodefi ciency in autologous hematopoietic cell transplantation   

 Disruption of 
skin and mucous 
membranes 

 Hypogamma-
globulinemia 

 T-cell mediated 
immunodefi -
ciency 

 Neutropenia 
and neutrophil 
dysfunction 

  Immunodefi ciency associated with untreated underlying disease  

 Acute lymphoid 
leukemia 

 +  +  +++  ++ 

 Acute myeloid 
leukemia 

 +  +  +  +++ 

 Hodgkin’s 
lymphoma 

 +  −/+  +++  −/+ 

 Non-Hodgkin’s 
lymphoma 

 +  −/+  +/+++  −/+ 

 Multiple myeloma  −  +++  −/+  + 

  Immunodefi ciency associated with the conditioning regimen  

 Corticosteroids  +  −  +++  + 

 Cytotoxic 
chemotherapy 

 −/+++ a   +/++  +/+++ a   −/+++ a  

 Monoclonal 
antibodies 

 −  +/++  +/+++  +/++ 

 Use of catheters  +++  −  −  − 

  (−) no, (+) mild, (++) moderate, (+++) severe 
  a Severity of mucositis and neutropenia depend on the intensity of the conditioning regimen; dura-
tion of neutropenia also depends on the stem cell dose infused and the in vitro manipulation of the 
stem cell product  
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   Table 4.3    Frequent pathogens causing infection according to immunodefi ciency   

 Disruption of 
skin and mucous 
membranes 

 Hypogamma-
globulinemia 

 T-cell 
mediated 
immunode-
fi ciency 

 Neutropenia 
and neutrophil 
dysfunction 

  Bacteria  

 Gram-positive cocci 

  Coagulase-negative 
staphylococci 

 +++  −  −  ++ 

   Staphylococcus aureus   +++  −  −  ++ 

  Viridans streptococci  +++  −  −  ++ 

  Enterococci  ++  −  −  ++ 

   Streptococcus pneumoniae   −  +++  −  − 

 Gram-positive bacilli 

   Bacillus  spp.  ++  −  +  ++ 

   Corynebacterium jeikeium   ++  −  +  ++ 

   Listeria monocytogenes   −  −  +++  − 

 Gram-negative bacilli 

  Enterobacteriaceae a   ++  −  −  +++ 

   Pseudomonas aeruginosa   ++  −  −  +++ 

  Other nonfermentative 
bacteria b  

 ++  −  −  +++ 

   Salmonella  spp.  +  +  ++  + 

   Legionella  spp.  −  ++  ++  − 

 Anaerobes 

   Clostridium diffi cile   ++  −  −  ++ 

   Clostridium septicum   ++  −  −  ++ 

  Fungi  

 Yeasts 

   Candida  spp. c , mucosal 
disease 

 +  −  +++  − 

   Candida  spp. c , invasive 
disease 

 ++  −  −  +++ 

   Cryptococcus neoformans  a   −  −  +++  − 

   Trichosporon  spp.  ++  −  +  ++ 

 Molds (mainly  Aspergillus  
spp.) d  

 −  −  ++  +++ 

 Other 

   Pneumocystis jirovecii   −  −  +++  − 

  Viruses  

(continued)
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4.2.1     Pre-Engraftment Period 

 The main risk factors for infection in the pre-engraftment period are neutropenia, 
oral and gastrointestinal mucositis, and the presence of central venous catheters. In 
general, infection occurs more frequently with longer periods of neutropenia [ 1 ], 
and a decrease in the rates of bacteremia has been observed with the utilization of 
peripheral blood, instead of marrow, as the source of stem cells [ 11 ]. In addition, 
severe mucositis is associated with increasing risk for infection [ 6 ,  12 ], and indwell-
ing venous catheters, present in virtually all ASCT recipients during the early 
period, may predispose to certain bloodstream infections [ 13 ]. 

 The majority of bacterial infections during neutropenia are caused by Gram- 
positive organisms;  Staphylococci  (coagulase-negative and  S. aureus ), viridans 
 Streptococci  and the  Enterococci ; Gram-negative bacteria including the 
Enterobacteriaceae  Escherichia coli ,  Klebsiella  spp. and  Enterobacter  spp., and the 
nonfermentative bacteria  Pseudomonas aeruginosa ,  Acinetobacter  spp. and 
 Stenotrophomonas maltophilia  [ 14 ,  15 ]. In addition, patients with severe mucositis 

Table 4.3 (continued)

 Disruption of 
skin and mucous 
membranes 

 Hypogamma-
globulinemia 

 T-cell 
mediated 
immunode-
fi ciency 

 Neutropenia 
and neutrophil 
dysfunction 

  Herpes simplex  ++  −  +++  ++ 

  Varicella-zoster  −  −  +++  − 

  Cytomegalovirus  −  −  +++  − 

  Epstein-Barr virus  −  +  +++  − 

  Respiratory viruses e   +  +  ++  − 

  Hepatitis A, B and C  −  +  +  − 

  Parvovirus B 19  −  ++  ++  − 

  Parasites  

   Strongyloides stercoralis   −  −  ++  − 

   Toxoplasma gondii   −  −  ++  − 

   Cryptosporidium parvum   −  +  ++  − 

 Mycobacteria 

   Mycobacterium 
tuberculosis  

 −  −  +++  − 

  Rapid growing 
mycobacteria 

 ++  −  +  − 

   Mycobacterium avium  
complex 

 −  −  +++  − 

  (−) no, (+) occasional, (++) frequent, (+++) very frequent 
  a Most frequent:  Escherichia coli ,  Klebsiella pneumoniae ,  Enterobacter  spp; 
  b Most frequent:  Acinetobacter  spp.,  Stenotrophomonas maltophilia ; 
  c Most frequent:  C. albicans ,  C. glabrata ,  C. tropicalis ,  C. parapsilosis ; 
  d Most frequent:  A. fumigatus  (~90 %),  A. fl avus ,  A. terreus ,  A. niger ; 
  e Most frequent: Respiratory syncytial virus, metapneumovirus, infl uenza A and B, parainfl uenza 
1–3, adenovirus, rhinovirus, coronavirus  
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are at increased risk to develop bloodstream infections caused by anaerobes [ 16 ], 
alpha-hemolytic streptococci [ 17 ,  18 ],  Stenotrophomonas maltophilia  [ 19 ], 
vancomycin- resistant enterococci [ 20 ], and  Candida  spp [ 21 ,  22 ]. 

 Considerable shifts in the spectrum of bacterial infections have occurred over time 
as a result of antimicrobial prophylaxis therapy with more severely mucotoxic drugs 
[ 23 ] and the widespread use of intravascular catheters. Until the late 1980s, Gram-
positive and Gram-negative organisms were equally distributed as causes of blood-
stream infections. The introduction of quinolone prophylaxis was associated with a 
signifi cant reduction in Gram-negative infections [ 24 ] but at the cost of an increase in 
infections caused by Gram-positive bacteria. A reemergence of bacteremia by resis-
tant Gram-negative organisms has been recently observed [ 25 – 27 ] including quino-
lone-resistant Enterobacteriaceae [ 28 ], extended-spectrum c- lactamase 
(ESBL)-producing bacteria (Enterobacteriaceae,  P. aeruginosa ,  Acinetobacter  spp., 
others) [ 29 ], multidrug-resistant  P. aeruginosa , and others [ 30 ]. Infections by resistant 
Gram-positive organisms have also been noted with vancomycin- resistant enterococci 
(VRE) and nosocomial and community-acquired methicillin-resistant  S. aureus  
(MRSA) [ 31 ,  32 ]. A more serious problem in neutropenic patients with leukemia is 
the marked increase in  Clostridium diffi cile  colitis [ 33 ,  34 ]. In a retrospective study in 
242 autologous HSCT recipients, 157 developed diarrhea between 1 week before and 
30 days after HSCT, and 135 were tested for  C. diffi cile  toxin A. A diagnosis of  C. 
diffi cile - associated diarrhea (CDAD) was made in 21 subjects (15.5 %) and occurred 
both before (4 patients) and after (17 patients) transplant. Patients receiving mobiliza-
tion with paclitaxel and growth factor were at lower risk for CDAD compared with 
patients mobilized with growth factors with or without cyclophosphamide. Receipt of 
vancomycin or cephalosporins were risk factors for CDAD [ 35 ]. 

 Great variability exists, between and within countries, in the etiology of bacterial 
infections and their susceptibility profi les [ 36 ], and an intimate knowledge of the 
local epidemiology remains critical in applying strategies of prophylaxis, empiric 
antibiotic therapy, and treatment of established infection. In a study of bacteremias 
in 519 HSCT recipients from a single institution, Gram-positive and Gram-negative 
bacteria accounted for 62 and 38 % of bacteremias, respectively [ 26 ]. The rates of 
bacteremias decreased over the 7-year study period, but were particularly more pro-
nounced for Gram-positive bacteria, with a drop in the ratio of Gram-positive to 
Gram-negative organisms from 2.7 to 1.3. 

 In a prospective survey of 411 HSCT in 13 Brazilian centers, 91 patients devel-
oped bacteremia in the early post-transplant period: 47 % were caused by Gram- 
positive, 37 % due to Gram-negative, and 16 % were due to both Gram-positive and 
Gram-negative bacteria.  Pseudomonas aeruginosa  (22 %),  K. pneumoniae  (19 %) 
and  E. coli  (17 %) were the most frequent bacteria among Gram-negative; among 
Gram-positive bacteria, coagulase-negative staphylococci (50 %) and  S. aureus  
(23 %) accounted for the majority of infections. Multi-drug-resistant (MDR) Gram- 
negative bacteria were isolated in 22 % of bacteremias (5 % of all transplants), and 
receipt of third-generation cephalosporins was an independent risk factor for infec-
tion due to MDR bacteria [ 37 ]. 

 During the early post-transplant period, gastrointestinal mucositis and neutropenia 
predispose to the occurrence of invasive candidiasis, and unless patients are receiving 
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fl uconazole prophylaxis, this is the leading invasive fungal infection in this period. 
With the introduction of fl uconazole prophylaxis, the incidence of candidiasis 
decreased dramatically, with a shift in species distribution; fewer infections due to  C. 
albicans  and  C. tropicalis , but increased infections caused by  C. glabrata  and  C. kru-
sei  [ 38 ]. This may be illustrated by three epidemiologic studies. A prospective study 
of 16,200 HSCTs (autologous and allogeneic) in 23 centers in the USA (Transnet 
database) reported 217 cases of invasive candidiasis (1.3 %).  C. glabrata  was the most 
frequent species, accounting for 32 % of cases. Invasive candidiasis was diagnosed 
within 30 days after autologous HSCT in 66 % of cases, and within 4 months in 74 % 
of cases [ 39 ]. In a retrospective study involving 11 centers in Italy, only 16 cases of 
invasive candidiasis were reported among 1979 autologous HSCTs (0.8 %). Eight of 
the 16 cases were caused by  C. glabrata  ( n  = 5) or  C. krusei  ( n  = 3) [ 40 ]. 

 Invasive aspergillosis occurs typically in patients with profound (<100 neutro-
phils/mm 3 ) and prolonged (>10–15 days) neutropenia. Because the duration of neu-
tropenia after autologous HSCT is shorter, the incidence of invasive aspergillosis is 
low. However, patients with concomitant severe CMI defi ciency are at risk. This 
group is represented by patients with lymphoma previously treated with purine ana-
logues [ 41 ] and heavily pretreated myeloma patients [ 42 ]. We recently analyzed a 
cohort of 113 patients with multiple myeloma who developed invasive aspergillosis 
(data not published). Sixty-three episodes occurred after autologous HSCT, at a 
median of 16 days after transplant. In 29 of the 63 episodes (46 %), invasive asper-
gillosis occurred in the pre-engraftment period. Most patients had relapsed myeloma, 
had been heavily pretreated, and had received high doses of corticosteroids (median 
cumulative dose in the last 60 days of 1,380 mg patients, prednisone equivalent). 

 In the Transnet database, a total of 80 cases of invasive aspergillosis were diag-
nosed in 9534 autologous HSCT recipients (0.8 %). Forty cases were diagnosed 
within 30 days after transplant [ 39 ]. In the Italian retrospective study, seven cases 
were diagnosed in 1979 autologous HSCT recipients (0.3 %) [ 40 ]. Except for can-
didiasis and aspergillosis, other invasive fungal infections are rare. 

 Viral infections in the early post-transplant period are limited to reactivation of 
herpes simplex virus (HSV) and respiratory viral infections (Infl uenza A and B, 
parainfl uenza 1–3, respiratory syncytial virus [RSV], metapneumovirus, and adeno-
virus). In the absence of prophylaxis (acyclovir or valacyclovir), most autologous 
HSCT recipients will develop reactivation of HSV, manifested as oral ulcers [ 43 , 
 44 ]. The occurrence of symptomatic HSV disease is particularly frequent in patients 
with severe oral mucositis [ 45 ]. Although in most cases the disease is self-limited, 
causing pain and discomfort, it may evolve to pneumonia as a result of aspiration of 
the oral secretions with the virus [ 46 ].  

4.2.2     Post-engraftment Period 

 Although the frequency and mortality of infection after engraftment are much 
lower than in the early pre-engraftment period, infection is a signifi cant cause of 
morbidity and an important cause of non-relapse mortality. In a retrospective 

M. Nucci and E. Anaissie



57

analysis of 1,482 autologous HSCT, 32 % of non-relapse deaths occurring after 
day +100 post- transplant were caused by infectious complications. Sepsis and 
pneumonia were the most frequent infections, and viral and fungal disease were 
rare causes of death [ 47 ]. 

 The risk for infection in the post-engraftment period is a function of the dynam-
ics of immune reconstitution. Factors that delay immune reconstitution following 
ASCT are related to the underlying disease and/or to the stem cell product 
(Table  4.1 ). The most important factors infl uencing the speed of immune reconstitu-
tion are the immune status before HSCT and the need for additional immunosup-
pressive treatment. Heavily pretreated patients who exhibit severe immunodefi ciency 
before HSCT are at greater risk of infectious complications. Likewise, additional 
chemotherapy after HSCT greatly increases the risk of infection. This is true for 
patients with MM, who receive consolidation and maintenance after HSCT. 

 The occurrence of neutropenia increases the risk for infection after engraftment. 
In a study, receipt of rituximab was an independent risk factor for delayed onset 
neutropenia [ 9 ]. Receipt of rituximab pretransplant has also been associated with an 
increased risk for CMV reactivation post-transplant [ 10 ]. 

 In vitro manipulation of stem cells is usually associated with depletion of T cells 
from the harvest and results in delayed immune reconstitution and an increased risk 
for fungal, viral, and protozoal infections [ 48 – 52 ]. The infl uence of in vitro manipula-
tion of stem cells on the risk of infection may be illustrated by a study of 148 patients, 
which reported that high T-cell content in the graft was associated with a lower inci-
dence of varicella-zoster virus (VZV) reactivation [ 6 ] and another study of autologous 
HSCT for autoimmune disease. A 64 % CMV reactivation was observed with in vitro 
CD34 selection [ 7 ]. However, in a study in patients with lymphoma, MM and breast 
cancer, the incidence and causes of infection were not different among patients receiv-
ing unmanipulated or CD34 selected peripheral blood stem cells [ 53 ]. 

 The frequency and etiology of infections occurring after engraftment were assessed 
in 244 autologous HSCT recipients with non-Hodgkin’s lymphoma ( n  = 207), 
Hodgkin’s lymphoma ( n  = 27), and MM ( n  = 43). Infection occurred in 64 patients 
(26 %). The most frequent infections were VZV disease (56 %) and bronchopneumo-
nia (25 %). By multivariate analysis, receipt of fl udarabine was the only variable asso-
ciated with infection [ 4 ]. In another study in 127 patients with breast cancer, among 99 
patients with prolonged follow up, 32 (32 %) developed infection in the fi rst year post-
transplant. Upper respiratory infection ( n  = 11) and dermatomal VZV disease ( n  = 9) 
were the most frequent infections. Bacteremia occurred in only two patients [ 54 ]. 

 Cytomegalovirus (CMV) reactivation is frequent in the late post-transplant 
period. In a retrospective study, 16 of 41 febrile episodes in CMV seropositive 
patients were associated with CMV reactivation. CMV infection was the sole cause 
of fever [ 55 ]. In a prospective study in 171 autologous HSCT recipients, weekly 
CMV antigenemia was performed from engraftment until day +60 post-transplant. 
Forty of 102 (39 %) CMV seropositive patients presented CMV reactivation at a 
median of 32 days after transplant. The majority of patients ( n  = 30) were asymp-
tomatic. Fever ( n  = 5) and enteritis ( n  = 5) were the clinical manifestations in the 
remaining patients [ 5 ]. 
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 In addition to VZV and CMV, respiratory viral infections are frequent in autolo-
gous HSCT recipients and may contribute to signifi cant morbidity, especially in 
patients with lymphopenia [ 56 ]. 

 Less frequent infections in the post-transplant period include hepatitis B and C 
[ 57 ], toxoplasmosis [ 58 ], tuberculosis [ 59 ,  60 ] and pneumocystosis, [ 61 ] and, in 
certain areas of the globe, Chagas disease [ 62 ].   

4.3     Summary 

 Infection represents an important cause of morbidity after autologous 
HSCT. Infection results from an imbalance between host defenses and the patho-
gen, and the risk vary according to the phase of HSCT. Pretransplant variables that 
signifi cantly impact the risk for major infection include host factors, genetic pre-
disposition, comorbid conditions, tumor burden and the type, and duration and 
intensity of prior chemo- or radiotherapy. After HSCT and before engraftment, 
signifi cant risk factors include neutropenia, mucositis, and central venous cathe-
ters. In the post-engraftment period, the risk of infection depends on the dynamics 
of the immune reconstitution that follows HSCT. Assessment of the risk of infec-
tion in each period and the identifi cation of patients at higher risk of specifi c infec-
tions are critical to the appropriate management of infectious complications after 
autologous HSCT.     
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  5      Microbiological Background 
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5.1            Introduction 

 The epidemiology of infections in hematological cancer patients is complex and 
usually refl ects the local characteristics. Bacterial infections are far more frequent 
than any other microbial infections, and among them resistance to antimicrobials is 
of great concern. For the last 40 years, the single most important risk factor for 
severe infection has been neutropenia, the highest frequency of infections occurring 
in those with <100/mm 3 . The dynamics of neutropenia is also operative for the inci-
dence of bacterial and fungal infection, so those patients undergoing intensive 
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chemotherapy and with a decreasing neutrophil count of between 1,000 and 500/
mm 3  are considered to be at risk. The epidemiology of bacterial and fungal infec-
tions are affected by well-described, several other factors such as invasive proce-
dures applied during hospitalization including indwelling vascular and other 
catheters, type and intensity of chemotherapy, presence of mucositis, use of antibac-
terial and antifungal prophylaxis, hematopoietic stem cell transplantation (HSCT), 
presence of severe graft-versus-host disease (GVHD), and environmental exposure 
to pathogens (e.g., diet, air fi ltration, hospital hygiene) [ 113 ]. Local patterns of anti-
microbial usage not only in cancer patients in a given institution but in any other 
setting including the community may also affect the microbiology involved in 
hematology patients. Recently, increased use of monoclonal antibodies for thera-
peutic purposes has also contributed to the changing epidemiology and frequency of 
infections in these patient population [ 74 ].  

5.2     Bacterial Infections 

 The epidemiology of bacterial infections shows great variability between institu-
tions and geographic localizations [ 4 ]. Epidemiological trends have also changed 
during the past three decades for which International Antimicrobial Therapy Group 
of the European Organization for Research and Treatment of Cancer (IATG- 
EORTC) data can be used as an example. Since the early 1970s this group has run 
several trials in febrile neutropenic cancer patients and data for the epidemiology of 
bacterial infections including the frequency of single-agent bacteremias are avail-
able. Gram-negative enteric pathogens and  Pseudomonas aeruginosa  were domi-
nating microorganisms in patients with bacteremia until mid-1980s when a swift 
change occurred that Gram-positive bacteria (GPB) have become more frequent 
(Fig.  5.1 ). During the 1970s when the earlier trials of IATG-EORTC were under-
taken, 59–71 % of single-agent bacteremia were caused by Gram-negatives [ 114 ], 
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whereas during the 1980s and 1990s, the same organisms were responsible for only 
31–37 % of bacteremic episodes [ 202 ]. The reasons of this shift have not been stud-
ied in detail, but it was assumed that it coincided with increased use of indwelling 
catheters to which Gram-positives tend to adhere, introduction of more aggressive 
chemotherapy regimens leading to severe mucosal damage, and prophylactic and 
early empirical broad-spectrum antimicrobial therapy targeting mainly Gram- 
negative bacteria (GNB) [ 11 ,  54 ,  211 ].  

 Since the turn of the twenty-fi rst century, the reports emerged indicating that 
GNB have gained importance again but this time with increased resistance to avail-
able broad-spectrum agents [ 24 ,  25 ,  29 ,  31 ,  34 ,  38 ,  41 ,  44 ,  47 ,  50 ,  67 ,  88 ,  98 ,  104 , 
 105 ,  152 ,  154 ,  158 ,  198 ]. The latest published trial of EORTC-IATG including 
high-risk patients [ 54 ] found that 47 % of all bacteremic episodes were due to 
GNB. Whereas in the two recent EORTC trials [ 107 ,  109 ] in which patients were 
considered having low-risk neutropenia, the incidence of Gram-negative bactere-
mias rose to 59 and 50 %, respectively. But one should note that these trials 
included more patients with solid tumors and the frequencies of patients with acute 
leukemia were 32 and 51 %, respectively. Reemergence of Gram-negative bacterial 
infections has also been reported from other cancer centers [ 92 ,  152 ,  154 ]: Collin 
et al. [ 53 ] observed a decline in ratio of GPB/GNB from 2.7 to 2.3 between 1991 
and 1997. Similarly, Mikulska et al. [ 139 ] reported from a single center in Italy 
with patients undergoing HSCTs that the ratio of GPB/GNB decreased from 2.4 in 
2004 to 1 in 2007 ( p  = .043). Unpublished data from the most recent European 
Conference on Infections in Leukaemia (ECIL) group also indicated that several 
European cancer centers recently observed a similar increase of GNB in neutrope-
nic cancer patients; however, GPB are still a majority in bloodstream infections 
(BSIs) [ 140 ]. 

 If one compares epidemiology between different countries, in general, US cen-
ters reported that GPB are still the predominant microorganisms in cancer patients 
[ 210 ]. Elsewhere, many surveillance studies provided data that the incidence of 
GNB has become numerically higher than GPB in hematological cancer or hemato-
poietic stem cell transplant (HSCT) recipients [ 8 ,  41 ,  86 ,  88 ]. Interestingly, GNB 
dominance or equivalence to GPB was usually reported from outside the United 
States including studies from Brazil [ 198 ], Guatemala [ 23 ], Japan [ 50 ], and several 
southeastern Asian [ 25 ,  48 ,  49 ,  98 ] and Mediterranean countries [ 44 ,  86 ,  88 ,  104 , 
 105 ,  158 ]. But similar reports from some of the Western European countries have 
also been available [ 67 ,  179 ]. The reasons for this geographical variation are not 
clear but may be related to the lack of widespread quinolone prophylaxis in at least 
some of these centers reporting more infections with GNB [ 86 ,  105 ], and in those 
still using this type of prophylaxis, emerging fl uoroquinolone (FQ)-resistant  E. coli  
bacteremias can be accounted for this epidemiology [ 44 ,  108 ]. Another theory 
which has originally been proposed about the spread of carbapenemase-producing 
enteric GNB may also be applicable to cancer patients in those countries where 
environmental sanitation is poor and resistant Gram-negative pathogens can be 
found in abundance in water and food [ 7 ]. Thus, via oral-fecal route, cancer patients 
may get colonized in the outpatient settings and when they become neutropenic 
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with compromised gastrointestinal mucosa due to chemotherapy, they can acquire 
bacteremia with these resistant pathogens. It is also noteworthy that in some of these 
centers, GNB have been the leading pathogens during the last two decades [ 54 ,  55 , 
 91 ,  110 ]. In our center in Ankara, we observed a similar picture [ 88 ,  105 ]. In a ret-
rospective evaluation of bacteremic episodes in hematological cancer patients with 
febrile neutropenia, we analyzed 3,703 neutropenic episode in 2,098 patients 
between 2005 and 2009 [ 105 ]. Overall, single Gram-negative bacteremia were 
detected in 61 % of these episodes. Except 2005 (incidence of GNB, 48 %), GNB 
were the main type of microorganisms during all study years (range 58–66 %). A 
previous study dated back to 1997 reported similar fi gures [ 88 ]. 

 Catheter-related bacteremic episodes in neutropenic patients are usually caused 
by coagulase-negative staphylococci (CNS) [ 1 ]. Gram-negatives, albeit much rare, 
can also be responsible for this picture [ 47 ]. 

5.2.1     Gram-Positive Bacteria and Their Antimicrobial 
Susceptibility 

5.2.1.1     Coagulase-Negative Staphylococci (CNS) 
 Coagulase negative staphylococci are the most frequent GPB reported as the cause 
of BSIs in neutropenic cancer patients [ 1 ,  9 ,  113 ]. The rate of methicillin resistance 
in these microorganisms is high and varies between 33 and 100 % [ 38 ,  44 ,  88 ,  139 ]. 
In most instances CNS infections are associated with catheter-related BSI involving 
biofi lm production [ 70 ]. There are 46 species of CNS described and at least 18 of 
them are human pathogens [ 26 ]. Several of them can cause bacteremia in neutrope-
nic patients and these include  S. epidermidis ,  S. haemolyticus ,  S. warneri , and  S. 
hominis  [ 26 ]. Antimicrobial susceptibility to glycopeptides and other anti-Gram- 
positive agents may differ between these species, thus identifi cation into species 
level might be important when a CNS is isolated from blood cultures in febrile 
neutropenic cancer patients especially in case of failing antimicrobial therapy.  S. 
haemolyticus  may exhibit decreased glycopeptide susceptibility which is usually 
more augmented to teicoplanin than vancomycin [ 30 ,  73 ,  155 ,  168 ]. Decreased sus-
ceptibility is attributable to alterations in the cell wall’s peptidoglycan rather than 
acquisition of resistance genes via horizontal gene transfer [ 144 ]. Resistance to line-
zolid has also been reported [ 22 ].  

5.2.1.2      Staphylococcus aureus  
 This bacterium has been found responsible for up to 7 % of all bacteremic episodes 
in neutropenic cancer patients [ 84 ] with an overall mortality of 23–40 % [ 177 ]. 
Bacteremia is usually associated with skin and soft tissue infections and could also 
be catheter related. But in most patients, the focus of bacteremia remains undetected 
[ 199 ]. The incidence of methicillin resistance has been reported between 18 and 
100 % in patients with hematological malignancies [ 38 ,  88 ,  139 ,  170 ,  199 ,  213 ]. 
But, the attributable hospital mortality rate was considerably low (3.5 %) as com-
pared with Gram-negative bacteremias [ 199 ]. 
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  Staphylococcus aureus  was shown to cause late bacteremia (occurring >50 days 
after transplant) in HSCT recipients, and the incidence was 6/100,000 patient days 
[ 137 ]. Eighty-four percent of bacteremias were community acquired and 85 % of 
patients had an indwelling central venous catheter (CVC) at presentation. Skin GVHD 
and length of hospital stay were found to be signifi cant determinants for bacteremic 
episodes [ 137 ]. The incidence rate of methicillin-resistant  S. aureus  (MRSA) was 
23 % compared to 38 % in blood isolates of non-HSCT patients in the same hospital 
during the same period. The mortality rate (15.4 %) was signifi cantly higher as com-
pared with the control cases. The case fatality rate of MRSA bacteremia was higher 
than that of methicillin-sensitive  S. aureus  (MSSA) bacteremia (33 % vs. 10 %). 

 Community-acquired MRSA isolates are frequently reported as the cause of skin 
and soft tissue infections in the United States, but relatively rare in Europe [ 60 ]. 
These strains are resistant to beta-lactam antibiotics but maintain susceptibility to 
many non-beta-lactam antibiotics. In Europe, there has been an increasing problem 
of transmission of MRSA from colonized livestock (mainly pigs) to those who are 
in contact with such animals [ 99 ]. Although it has not been described as a problem 
specifi cally in hematology patient population, it would be wise to advise patients 
with hematological cancer and immunosuppression to avoid such contacts. 

 Recently, heteroresistant vancomycin-intermediate  S. aureus  (hVISA) strains 
have gained importance. Although their incidence in hematology patients has not 
been clearly determined, infections with these isolates undermine the effi cacy of 
glycopeptide antibiotics [ 63 ,  101 ,  102 ]. Those isolates are diffi cult to detect with 
routine microbiological work-up, and several reports indicated that patients infected 
with such strains with a vancomycin MIC >1.5 μg/mL may fail to standard-dose 
glycopeptide treatment [ 64 ,  101 ]. 

 Fluoroquinolone resistance has become another major issue in staphylococci due 
to widespread prophylactic use of these agents [ 166 ]. The incidence is higher in 
MRSA isolates [ 34 ,  127 ].  

5.2.1.3     Enterococci 
 Enterococci can colonize the gastrointestinal tract and may cause BSI in hematol-
ogy patients. Risk factors for bacteremia in HSCT recipients include mismatched- 
related or cord-blood transplant, grade 3–4 mucositis, pharyngeal enterococci 
colonization, and previous cephalosporin use [ 138 ]. Vancomycin-resistant  E. fae-
cium  (VRE) infections are among the most commonly reported causes of bactere-
mia from many hemato-oncology centers and these bacteria may cause epidemics 
[ 106 ,  112 ,  138 ,  169 ,  170 ,  211 ,  212 ]. Several risk factors described for colonization 
and for consequent bacteremia include use of broad-spectrum cephalosporins and 
vancomycin and AML as the underlying disease [ 12 ,  116 ,  145 ,  186 ]. Cross- 
contamination and cross-infection are common in closed units, thus maximum 
infection control practices including strict isolation of colonized/infected patients 
are required [ 178 ]. Vancomycin-resistant  E. faecium  colonization rates in HSCT 
recipients range from 5 to 27 % and the rate of VRE bacteremia in colonized patients 
is around 30 % [ 133 ,  169 ,  217 ]. Early VRE bacteremia after HSCT ranged from 3.6 
to 22 % with mortality ranging from 0.04 to 85 % [ 11 ,  147 ,  207 ,  217 ]. In a recent 
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study, VRE was detected as the leading cause of bacteremia occurring within 
30 days of HSCT [ 103 ]. Fifty-three and a half percent of patients with bacteremia 
during this period had VRE. However, only 57 % had VRE colonization before 
transplantation, indicating that pre-HSCT screening may not identify all patients 
who are at risk for VRE bacteremia. Attributable mortality was 9 %.  

5.2.1.4     Viridans Streptococci 
 These bacteria are frequently found in the oral fl ora and can colonize the respiratory 
and the female genital tracts. The prevalence of their infections varies from 7.8 % in 
neutropenic cancer patients to 48 % in those receiving high-dose cytosine arabino-
side, cyclophosphamide, and idarubicin or undergoing HSCT [ 32 ,  55 ,  65 ]. Other 
predisposing factors include use of acid-lowering agents, FQ, or trimethoprim- 
sulfamethoxazole (TMP-SMX) prophylaxis [ 71 ,  167 ]. Mucositis leading to the 
breach of integrity of oral mucosa is a signifi cant predisposing factor for streptococ-
cal bacteremia. Other factors causing mucositis such as oral cavity irradiation and 
lack of  H. simplex  prophylaxis have also been described as risk factors [ 211 ]. 
Viridans streptococci may be related with septic shock [ 36 ]. Penicillin and 3rd-
generation cephalosporin resistance may be a problem in some centers and may 
compromise the treatment [ 32 ,  55 ].  

5.2.1.5      Streptococcus pneumoniae  
 Pneumococcal bacteremia is relatively rare and the incidence of non-bacteremic 
infections has not been clearly defi ned in neutropenic patients with cancer. However, 
in HSCT recipients with GVHD, impaired spleen function due to total body irradia-
tion and decreased production of antipneumococcal antibodies may predispose 
patients to have invasive pneumococcal disease (IPD) [ 72 ,  117 ]. In a recent retro-
spective analysis, 135 patients with cancer and pneumococcal bacteremia were 
investigated [ 119 ]: 63 (52 %) had hematological malignancy and 29 (21 %) had 
HSCT of whom 11 had GVHD. Twenty-two percent of bacteremic episodes were 
breakthrough in nature. Sixteen (12 %) occurred nosocomially in which nine 
patients were neutropenic (56 %). Neutropenia was present only in 13 % of patients 
who acquired bacteremia in the outpatient setting ( p  < 0.0002). Sixty-seven percent 
of patients had pneumonia, whereas in 16 % a catheter-related pneumococcal bac-
teremia was documented. Thirty-six percent of all isolates were non-susceptible to 
penicillin (MIC >2.0 μg/mL) and 7 % had intermediate susceptibility to ceftriaxone 
(MIC <2 and >0.5 μg/mL). Attributable mortality was 13.3 %; however, initial inap-
propriate antimicrobial therapy did not lead to increased mortality. 

 The overall incidence of IPD was reported as 7 per 1,000 HSCTs, being more 
prevalent in allogeneic recipients than in patients with auto allografts (9 vs. 5 per 
1,000 HSCTs) [ 214 ]. Findings reported in a European survey identifi ed more fre-
quent IPD (8.63 per 1,000 HSCT) during >100 days post-transplant period as com-
pared with 2.03/1,000 occurring during the fi rst month post-transplant [ 72 ]. 

 Since more than one type of effective vaccines are available against pneumococci 
and the new conjugated pneumococcal vaccines (CPVs) are more immunogenic than 
the classical polysaccharide one, CPVs should be used in HSCT recipients [ 61 ].   
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5.2.2     Gram-Negative Bacteria and Their Antimicrobial 
Susceptibility 

5.2.2.1     Enteric Gram-Negatives 
 Emerging resistance to FQs and broad-spectrum cephalosporins in  E. coli  has 
become a signifi cant concern recently, not only in neutropenic cancer patients but 
also in the community- and hospital-acquired infections worldwide [ 147 ,  216 ]. 
These trends have signifi cant implications for empirical therapy with ecological and 
economical consequences: The infections caused by such resistant strains will cause 
increased use of carbapenems [ 191 ], and liberal use of these antibiotics carries the 
risk of emerging resistance due to carbapenemase production. This phenomenon 
has been well described worldwide in hospital- and community-acquired infections, 
but not investigated in hematology patients [ 7 ]. 

 In Europe, EARS-NET data in 2010 indicate that  E. coli  isolated from invasive 
infections have an unimpeded increase in antimicrobial resistance [ 68 ]. The highest 
resistance was against aminopenicillins (54.2 %, ranged 33.8–83.6 %); increased 
resistance to third-generation cephalosporins (8.5 %, ranged 2.6–24.8 %) which 
was related with extended-spectrum beta-lactamase (ESBL) production in 65–100 % 
of isolates and to FQs (20.7 %, ranged 8.4–42.8 %) was also observed. Usually a 
north-to-south gradient is evident; more resistance was observed in southern Europe 
than in the northern countries. However, EARSS data do not specifi cally provide 
fi gures for cancer patients. But, several individual reports refl ects the magnitude of 
the problem in this patient population. 

 Quinolone resistance in these bacteria is closely related with widespread prophy-
lactic use of FQs in neutropenic patients [ 29 ,  43 ,  108 ,  110 ,  173 ,  190 ]. Quinolone 
prophylaxis reduces incidence of GNB in patients including those with acute leuke-
mia and HSCT [ 37 ,  38 ,  59 ,  87 ]. Several metanalyses found that mortality is reduced 
and colonization and infection with FQ-resistant bacteria did not increase in patients 
receiving such prophylaxis [ 75 – 77 ,  97 ]. However, these studies usually did not 
report on baseline colonization in patients and did not take into account the delayed 
impact of FQs on emerging resistance not only to quinolones but also to the other 
antibiotics. Moreover, signifi cant heterogeneity in studies that included these meta-
nalyses occurred as well; studies spanned a long period of time including trials as 
old as 18 years, with different FQs with varying spectrum of activity. 

 Quinolone resistance has been on rise in the community due to extensive use of 
FQs for various indications, and patients previously exposed to these antibiotics 
may get colonized with FQ-resistant  E. coli  [ 123 ]. Thus, local epidemiological data 
need to be carefully considered before deciding FQ prophylaxis, and if given, the 
emergence of resistance in bacterial pathogens should be monitored closely. On the 
other hand, it has been shown that in areas with high prevalence of QR  E. coli , FQ 
prophylaxis may safely be abandoned [ 83 ]. 

 Quinolone resistance and extended-spectrum beta-lactamase production by  E. 
coli  and to a lesser extent by  K. pneumoniae  is usually a common occurrence in the 
same strain. Indeed, data in the literature indicated that use of FQs, previous hospi-
talization, and previous cancer chemotherapy were signifi cant risk factors for 
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selecting MDR  E. coli  (i.e., resistant to FQs plus to one other antimicrobial includ-
ing extended-spectrum cephalosporins or penicillins and aminoglycosides) and 
causing breakthrough bacteremia [ 201 ]. In an analysis of data including 364 patients 
with 187 documented infections and 164 bacterial isolates in an Italian center,  E. 
coli  accounted for 20.1 % of all isolates and 86.8 % of these strains expressed resis-
tance to FQs [ 44 ]. Multivariate analysis for identifying risk factors for FQ resistance 
found that FQ prophylaxis and neutropenia were independent factors. 

 Resistance profi le in  K. pneumoniae  is similar to that of  E. coli , although to a 
lesser extent.  Enterobacter cloacae  infections with resistant beta-lactam strains 
could pose another problem in neutropenic cancer patient population [ 85 ,  111 ,  158 ]. 
In our center, 50–65 % of  E. coli  and 7–25 % of  K. pneumoniae  blood isolates from 
neutropenic cancer patients between 2005 and 2009 were resistant to FQs. Resistance 
rates increased over the years during which FQ prophylaxis was solely used in 
patients with allogeneic HSCTs but not in others [ 105 ]. 

 Availability of local surveillance data and identifying those patients who are 
likely to get colonized and infected with resistant  Enterobacteriaceae  have outmost 
importance for determining the empirical therapy since any delay for giving appro-
priate therapy would lead to a signifi cant increase in mortality [ 56 ,  124 ,  192 ].  

5.2.2.2      Pseudomonas aeruginosa  
 Currently the relative frequency of  P. aeruginosa  in BSI in febrile neutropenic can-
cer patients is around 10 % (reported range in the literature 0–30 %) [ 11 ,  41 ,  100 , 
 139 ,  148 ,  189 ]. This fi gure represents a slight increase from prevalence in early 
1990s.  Pseudomonas aeruginosa  is intrinsically resistant to many antimicrobials, 
but emergence of MDR strains (i.e., a strain resistant to ≥3 of the following antimi-
crobials: ciprofl oxacin, ceftazidime, cefepime, aminoglycosides, piperacillin, or 
piperacillin-tazobactam) has become of a great concern. Previous exposure to FQs 
is a signifi cant risk factor for MDR pattern [ 125 ]. Other risk factors include previ-
ous transplantation (solid organ or HSCT), hospital-acquired BSI, and prior admis-
sion to the ICU [ 100 ]. 

 In a trial with 12 pediatric hematology centers in Italy, between 2000 and 2008, 
127 patients with  P. aeruginosa  BSIs were analyzed: 31 % of isolates were MDR 
strains. Total mortality was 19.6 %, whereas mortality in patients infected with MDR 
 P. aeruginosa  was 35.8 %. Multivariate analysis indicated that MDR  P. aeruginosa  
infection was the only signifi cant factor associated with infection-related death [ 42 ]. 

 The frequency of MDR strains in adult hematology patients was reported up to 
71.1 % in a multicenter Italian trial, although the total number of patients was small 
( n  = 38) [ 189 ]. Resistance to carbapenems was also high and reported as 60 % (10 % in 
non-MDR vs. 80 % in MDR strains). Death within the 30 days of the fi rst blood culture 
was 30.1 % (9.1 % for non-MDR vs. 40.1 % with MDR strains,  p  = 0.06). A high mortal-
ity rate (67 %) was also reported in HSCT recipients. All these fi gures indicate that  P. 
aeruginosa  is responsible for a high mortality in hematological cancer patients, despite 
its prevalence which remains relatively low as compared with  Enterobacteriaceae .  

5.2.2.3     Other Non-fermentative Bacteria 
  Stenotrophomonas maltophilia  is an ubiquitous Gram-negative bacterium with lim-
ited virulence. However, it may possess signifi cant antimicrobial resistance and 
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cause considerable morbidity and mortality in hematology patients [ 171 ]. The 
organism is unique to produce two different inducible beta-lactamases which can 
hydrolyze carbapenems, broad-spectrum penicillins, and cephalosporins, thus ren-
dering these antibiotics ineffective for the treatment [ 6 ]. Other resistance determi-
nants include a number of multidrug effl ux pumps and aminoglycoside-inactivating 
enzymes [ 174 ]. Plasmid-mediated FQ resistance genes have also been described in 
 S. maltophilia  genome [ 175 ]. All of these mechanisms confer resistance to most 
available antibiotics for treatment of infections caused by this bacterium. 
Trimethoprim-sulfamethoxazole is the preferred agent for treating  S. maltophilia  
infections. However, resistance to this agent has been increasingly reported and usu-
ally predicts multiresistance in these strains. Recent reports indicate increased inci-
dence of  S. maltophilia  infections in cancer patients [ 156 ,  171 ]. The bacterium 
causes CVC-related bacteremia [ 17 ,  33 ] and also colonizes the respiratory tract and 
may result in consequent infections in patients with tracheostomy and prolonged 
ventilation [ 149 ]. Catheter-related bacteremia was reported to be frequently polymi-
crobial and prompt removal of catheter is an essential part of the treatment [ 33 ]. 
Gastrointestinal colonization in patients with diarrhea and with previous treatment 
of carbapenems has also been reported and was proposed to be a source of bactere-
mia in cancer patients [ 15 ,  16 ]. Other risk factors for  S. maltophilia  infections 
include neutropenia, mucosal damage, tracheostomy and mechanical ventilation, 
and graft-versus-host disease. Previous usage of broad-spectrum antimicrobials 
including carbapenems and FQs can select resistant  S. maltophilia . 

  Acinetobacter baumannii  infections have signifi cantly increased worldwide, 
especially infecting patients mechanically ventilated in the ICU [ 66 ,  78 ]. MDR pat-
tern is common with most isolates usually susceptible to only colistin in vitro. 

 In a recent analysis with 128 patients with hematological malignancies admitted 
to the ICU, 35 (27 %) develop infections with  A. baumannii . Pneumonia was the 
most common site and older age, prior exposure to aminoglycosides, central venous 
catheterization, and the presence of a nasogastric tube were independent risk factors 
for infection. Mortality was related with low Glasgow coma score, prior immuno-
suppressive therapy, neutropenia, mechanical ventilation, and severe sepsis [ 194 ]. 

 The frequency of  Acinetobacter  infections in hematology patients was reported 
to be 5–7 %, more frequently in non-neutropenic cases [ 49 ,  69 ,  79 ,  158 ,  198 ]. In 
Hacettepe University, we found that  A. baumannii  caused 8 % of all bacteremic 
episodes in hematology patients between 2005 and 2009 [ 105 ]. The incidence was 
lower in patients with acute leukemia and HSCT (6.25 %) as compared with cases 
with other hematological malignancies (10.4 %).   

5.2.3     Anaerobic Bacteria 

 Although 0.5–17 % of all nosocomial bacteremias are caused by anaerobic bacteria 
[ 35 ,  215 ], these pathogens are usually underestimated and overlooked in hemato-
logical cancer patients. 

  Clostridium diffi cile  is a major cause of nosocomial infectious diarrhea and can 
cause severe problems in patients with hematological cancer and HSCT [ 51 ,  141 , 
 208 ]. One-year incidence in HSCT recipients was reported as 9.2 % [ 13 ] or 5.6 
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cases per 10,000 patient days [ 208 ]. Among the risk factors were previous chemo-
therapy, receipt of broad-spectrum antimicrobials, and acute GVHD. Higher rates 
of treatment failure with metronidazole or vancomycin have been reported in North 
America as compared with Europe and Asia [ 197 ]. Previous FQ use was found as 
the predominant risk factor for a  C. diffi cile -related epidemic [ 159 ]. Moxifl oxacin 
was more frequently associated with  C. diffi cile  diarrhea than levofl oxacin in neu-
tropenic patients [ 204 ].  

5.2.4     Unusual Bacteria 

 Many rare microorganisms have been reported as the cause of infection in hemato-
logical cancer patients. Among these are a variety of enteric pathogens such as 
 Achromobacter  spp. and  Alcaligenes  spp. [ 2 ],  Kluyvera  spp.,  Hafnia  spp., and 
 Rahnella  spp. [ 91 ]. Many bacteria have been reported to cause catheter-related 
infections and among them are  Bacillus  spp., diphtheroids, and nontuberculous 
mycobacteria [ 27 ].  Rhodococcus equi  can cause cavitary pulmonary disease and 
brain abscesses [ 3 ,  27 ]. A detailed review for rare microorganisms in cancer patients 
was published [ 27 ].   

5.3     Invasive Fungal Infections 

 The last three decades witnessed a dramatic increase in the incidence and variety of 
fungal infections that is concurrently followed by the advent of a series of new anti-
fungal agents [ 121 ,  162 ]. In patients with hematological malignancies and HSCT 
recipients, invasive aspergillosis has become the most prevalent invasive fungal 
infection (IFI) starting from the 1990s. During this period the incidence of invasive 
candidiasis (IC) decreased due to mainly widespread use of fl uconazole. Recently, 
several centers throughout the world have reported a signifi cant increase of non- 
aspergillus molds including Zygomycetes,  Fusarium  spp., and  Scedosporium  spp. 
and non-candida yeasts such as  Trichosporon  spp. [ 157 ,  172 ]. 

 A multicenter retrospective study between 1999 and 2003 in 18 hematology 
wards in Italy (SEIFEM-2004) included 11,802 patients with hematological malig-
nancies of whom 35 % had acute leukemia as the underlying disease [ 151 ]. Sixty- 
four percent of IFIs were due to mold infections of which 90 were caused by 
 Aspergillus  spp. that is followed by Zygomycetes (4 %) and  Fusarium  spp. (4 %). 
 Candida albicans  accounted for 91 % of yeast infections; other yeasts included 
 Cryptococcus  spp. (4 %) and  Trichosporon  spp. (4 %). The incidence of mold infec-
tions was 2.9 % and for yeasts 1.6 %. Attributable mortality rates due to IFI were 
higher for non-aspergillus molds than aspergillus and yeasts and were as follows: 
 Aspergillus  spp. (42 %), Zygomycetes (64 %),  Fusarium  spp. (53 %), and  Candida  
spp. (33 %). 

 A retrospective autopsy series in MD Anderson Cancer Center between 1989 
and 2003 provided information about invasive fungal infections in patients with 
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hematological malignancies over three different periods of time (1989–1993, 1994–
1998, 1999–2003) [ 45 ]. Three hundred fourteen IFIs were identifi ed in 1,017 autop-
sies (31 %) among which invasive mold infections increased signifi cantly (19 %, 
24 %, and 25 %, respectively, during the aforementioned three periods,  p  = 0.05). 
Zygomycosis emerged as a signifi cant pathogen (1, 4, and 3 %, respectively, 
 p  = 0.03), whereas prevalence of invasive aspergillosis (IA) remained stable (16, 19, 
and 19 %,  p  = 0.36) and that of invasive candidiasis decreased (13, 10, and 8 %, 
 p  = 0.07). More recent epidemiological studies in the United States reported similar 
observations [ 115 ,  157 ]. 

5.3.1      Candida  spp. 

 Non-albicans  Candida  spp. are the predominant agents of IC in hematological can-
cer patients [ 80 ,  90 ,  187 ,  203 ] in contrast to patients with solid tumors or those with 
non-hematological severe diseases acquiring candidiasis in the ICU in whom  C. 
albicans  are still the main infecting fungus [ 80 ,  89 ,  90 ,  187 ,  203 ]. We have observed 
a similar trend in a survey between 2001 and 2010 with 858  Candida  isolates in 
Hacettepe University in Ankara [ 14 ]. There were 381 single isolates from the fi rst 
episodes of candidemia of which 60 were from patients with hematological malig-
nancies. Non-albicans  Candida  had a frequency of 67 % and  C. tropicalis  (33 %) 
and  C. parapsilosis  (18 %) were the most frequent isolates. 

 Two recent, large epidemiological studies from the United States reported very 
similar results in patients with HSCT [ 115 ,  142 ]: TRANSNET study conducted in 
23 US transplant centers between 2001 and 2006 identifi ed 983 IFIs in 875 HSCT 
recipients [ 115 ]. Invasive candidiasis accounted for 30 % of all IFIs with nonalbi-
cans  Candida  as the causative agent in 81 % of episodes.  Candida glabrata  (32 %) 
and  C. parapsilosis  (16 %) were leading yeasts. PATH registry reported 250 IFIs in 
234 patients with HSCT in 16 centers in the United States [ 142 ].  Candida  was iso-
lated from only 26 % of patients of which 77 % were non-albicans spp. Another 
PATH registry with invasive candidiasis included <13 % of patients with hemato-
logical cancer [ 93 ]. Non-albicans  Candida  spp. were responsible for >92 % of inva-
sive infections in hematology patients including those with HSCT, with  C. krusei  
and  C. tropicalis  being the most frequent ones. Candidemia with  C. krusei  was 
associated with neutropenia, prior antifungal use, hematological malignancy or 
HSCT, and steroid use.  Candida krusei  candidemia had the highest 12-week mortal-
ity rate (52, 9 %), whereas that of  C. parapsilosis  had the lowest (23.7 %). 

 In European surveys, antifungal resistance was low in  Candida  isolates except 
in  C. krusei  which is intrinsically resistant to fl uconazole [ 121 ]. Previous fl ucon-
azole use has been described as a risk factor for selecting  C. krusei  or other resis-
tant spp. [ 5 ,  118 ]. A recent worldwide surveillance study reported emerging 
resistance to azoles (fl uconazole 7.7 %, posaconazole 5.1 %, and voriconazole 
6.4 %) and echinocandins (anidulafungin 3.8 %, caspofungin 5.1 %, and micafun-
gin 3.2 %) in  C. glabrata  isolates [ 164 ]. A similar observation was also reported 
from Europe [ 126 ].  
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5.3.2     Other Opportunistic Yeast-Like Fungi 

 There are many opportunistic yeast-like fungi which rarely cause fungemia and dis-
seminated infections in patients with hematological malignancies. Among these the 
most frequently encountered ones are  Trichosporon  spp.,  Rhodotorula  spp., and 
 Geotrichum  spp. [ 18 ,  136 ,  163 ]. 

  Trichosporon  spp. are the second most common yeast infections in hematologi-
cal malignancy cases. Patients with acute leukemia are the most vulnerable ones to 
infection with this pathogen and the most frequent type of infection is catheter- 
related fungemia [ 81 ]. The agent is usually resistant to polyenes and echinocandins, 
with only reliable in vitro susceptibility to voriconazole. 

  Rhodotorula  spp. cause infections worldwide but most frequently in the Asia- 
Pacifi c region with an attributable mortality of 15 % [ 193 ]. Catheter-related funge-
mia is the most frequent presentation in cancer patients [ 94 ]. Amphotericin B has 
good activity against this yeast and successful treatment can be obtained along with 
removal of the indwelling catheter. 

  Geotrichum  spp. rarely causes IFIs in patients with acute leukemia. The agent is 
very similar to  Trichosporon  and widely distributed in nature. Related infections are 
fungemia or disseminated infection [ 81 ]. Amphotericin B and voriconazole are the 
most active in vitro agents [ 82 ].  

5.3.3      Aspergillus  spp. 

  Aspergillus fumigatus  is the leading pathogen for IFI in hematology patients [ 115 , 
 129 – 131 ,  142 ,  151 ]. However, other non-fumigatus strains have been emerging and 
include mainly  A. fl avus  and  A. terreus  which are well known for their reduced 
amphotericin B susceptibility [ 122 ,  129 ,  196 ]. 

 Patients with hematological malignancies and those undergoing HSCT are at the 
highest risk of developing IA [ 28 ,  115 ,  129 ,  131 ]. In the latter group, there is a 
bimodal distribution of the disease; decreased frequency has been observed during 
the early neutropenic phase after the fi rst month of post-transplant and higher inci-
dence after the fi rst 100 days of transplantation [ 115 ,  129 ,  130 ,  195 ]. Possible expla-
nations of this distribution are shortened duration of neutropenia during the early 
phase of HSCT and developing chronic GVHD during the late phase and exposure 
of patients to aspergillus spores in the outpatient settings. Several well-known risk 
factors have been described for predisposing patients to acquire IA and these include 
neutropenia, previous broad-spectrum antibiotic therapy, anticancer chemotherapy, 
respiratory tract colonization with  Aspergillus , CMV or  Pneumocystis jirovecii  
infection, and mismatched HSCT [ 58 ,  130 ,  132 ,  150 ,  195 ]. 

 During the 2000s a decrease in attributable mortality, as low as 13 % [ 153 ], was 
observed in patients with IAs as compared with data from the 1990s [ 151 ,  195 ]. 
Possible explanations of this decline include tools allowing early diagnosis (i.e., use 
of HRCT, serum levels of galactomannan and beta-D glucan, and PCR-related 
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diagnosis), availability of active antifungals (e.g., liposomal amphotericin B and 
voriconazole), non-myeloablative induction regimens, and use of peripheral stem 
cells for transplantation which led to less severe immunosuppression in patients [ 58 , 
 150 ,  151 ]. 

 Recently,  Aspergillus fumigatus  strains were described acquiring resistance to 
multiple azole drugs including itraconazole, voriconazole, and posaconazole, both 
in patients with hematological malignancies and also those with aspergilloma and 
chronic aspergillosis [ 62 ,  184 ,  196 ,  200 ]. Resistance is most commonly associated 
with point mutations in the Cyp51A gene and mutations can develop during treat-
ment [ 40 ,  200 ]. Although the true incidence of this problem has yet to be deter-
mined, there is at least one study reporting very high (up to 55 %) resistance 
mutations in clinical samples from patients with chronic aspergillosis [ 62 ]. 
Resistance up to 12.8 % has been reported from patients with acute IA in 
Netherlands and elsewhere, and treatment failure with azoles was described [ 135 , 
 185 ], although other reports did not confi rm such high incidence [ 10 ]. In Dutch 
cases this resistance has been linked to agricultural consumption of fungicide azole 
drugs structurally related with triazoles used for the treatment of IA [ 151 ,  182 , 
 183 ].  

5.3.4     Zygomycetes 

 There are two distinct types of infections by these fungi: mucormycosis caused by 
 Mucorales  and entomophthoramycosis by  Entomophthorales , the latter occurring 
infrequently and usually restricted to tropical areas causing skin infections [ 46 ,  115 , 
 161 ,  176 ]. Mucormycosis is the third most common IFI after IA and IC in patients 
with hematological malignancies [ 115 ,  161 ]. In a recent analysis of 230 cases of 
mucormycosis from 13 European countries, hematological malignancy was the 
most common (44 %) underlying disease [ 181 ]. The incidence of mucormycosis 
was reported between 1 and 8 % in patients with acute leukemia and 0.9–2 % in 
patients with HSCT [ 161 ]. Prolonged and severe neutropenia, presence of uncon-
trolled diabetes mellitus, iron overload, trauma, and use of corticosteroid are among 
the other risk factors for developing mucormycosis [ 150 ,  161 ]. Prolonged use of 
voriconazole has been linked to increased incidence of mucormycosis [ 96 ,  146 , 
 150 ,  180 ]. But this observation has not been confi rmed in two recent studies [ 128 , 
 209 ]. However, none of these studies involved patients with high-risk factors for 
developing invasive mold disease. It has also been proposed that patients receiving 
voriconazole might be more complicated transplant patients and therefore have 
higher baseline risk for mucormycosis [ 157 ]. 

 Mucormycosis is related to very high mortality rate in patients with hemato-
logical malignancies, up to 100 %, depending on the type of infection and the 
underlying disease [ 115 ,  131 ,  151 ]. In the recent European survey, older age and 
prior use of caspofungin were found to be signifi cantly associated with mortality 
[ 57 ,  181 ].  
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5.3.5     Other Rare Molds 

 Several hyaline (nonpigmented) molds can cause invasive infection in hematologi-
cal cancer patients [ 163 ]. Among them  Fusarium  spp. [ 39 ] and  Scedosporium  spp. 
[ 157 ] are the most frequent ones, although their incidence is far less as compared 
with IA. The risk factors for these mold infections are similar to those of IA, neu-
tropenia in hematological cancer patients and acute and chronic GVHD in HSCT 
recipients [ 150 ]. Mortality is higher than IA and usually between the range of 50 % 
and more than 90 % [ 131 ,  151 ,  157 ]. 

  Fusarium  spp. demonstrate high MIC values for fl uconazole, itraconazole, and 
posaconazole and caspofungin [ 19 – 21 ,  143 ,  205 ]. These values vary between 1 and 
4 μg/ml for amphotericin B and 0.25 and 4 μg/ml for voriconazole [ 19 – 21 ]. 
However, the correlation between in vitro susceptibility and clinical outcome is not 
straightforward. Both posaconazole and voriconazole have been successfully used 
for the treatment of fusariosis [ 160 ,  165 ]; as expected the success rates were much 
higher in those who recovered from neutropenia during the treatment [ 165 ]. 

  Scedosporium  spp. are ubiquitous pathogens with two species having medical 
importance:  Scedosporium apiospermum  (the anamorph of  Pseudallescheria boydii ) 
and  Scedosporium prolifi cans . While the former mold is susceptible to itraconazole, 
voriconazole, and posaconazole [ 206 ], the latter is considered to be resistant to all 
available antifungal agents, voriconazole being the most active one with an MIC of 
4 μg/mL [ 134 ]. Infections caused by these molds are associated with very high mor-
tality rates in patients with hematologic malignancies [ 52 ,  95 ,  120 ,  160 ,  188 ].      
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6.1            Introduction 

 This chapter has been written from the viewpoint of the clinician who is assessing a 
febrile cancer patient who may be neutropenic and who may have an infection as the 
cause of the fever. There are a number of variables the clinician must consider at the 
time of presentation of a patient with a new neutropenic fever syndrome including 
documentation of the state of neutropenia and pyrexia. These variables listed in 
Table  6.1  include the diagnosis of the underlying malignancy and status of the 
underlying malignancy (i.e. whether the cancer is in remission, under initial assess-
ment or treatment, persistent despite treatment, relapsed or progressive), the treat-
ment regimen, regimen-related toxicities, the day of the treatment cycle (relative to 
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    Table 6.1    Factors affecting risk for neutropenic fever syndromes in cancer patients receiving 
cytotoxic therapy   

  Patient-related factors  

 Advanced age (≥65 years) increases risk [ 26 ,  28 ,  108 ] 

 Performance status 

  ECOG ≥2 increases risk [ 66 ,  109 ] 

 Nutritional status 

  Low serum albumin <35 g/l is associated with increased risk [ 52 ,  66 ] 

 History of previous neutropenic fever episodes increases risk 

  Risk of neutropenic fever in cycles 2–6 is 4 times higher if a neutropenic fever occurred 
during cycle 1 than if it did not [ 30 ] 

 Increasing number of co-morbidities increases risk 

  The odds for neutropenic fever increases with the number of co-morbidities by 27, 67, and 
125 % for 1, 2, and 3 or more co-morbidities [ 48 ] 

  Underlying malignancy-related factors  

 Cancer diagnosis: 

  Acute leukaemia/myelodysplastic syndromes (highest risk) [ 58 ] 

   Neutropenic fever rate 85–95 % [ 21 ,  22 ,  44 ] 

   Solid tissue malignancies and neutropenic fever rates (in order of risk, highest to lowest) 
[ 30 ,  48 ,  83 ,  84 ] 

   Soft tissue sarcomas, 26.8 %, 95 % CL 19.1–34.5 % 

   Non-Hodgkin’s lymphoma/myeloma, 26.0 %, 95 % CL 22.2–29.3 % 

   Germ cell carcinomas, 22.9 %, 95 % CL 16.6–29.1 % 

   Hodgkin’s lymphoma, 15.4 %, 95 % CL 6.6–24.2 % 

   Ovarian carcinoma, 12.1 %, 95 % CL 6.6–17.7 % 

   Lung cancers, 10.3 %, 95 % CL 9.8–10.7 % 

   Colorectal cancers, 5.5 %, 95 % CL 5.1–5.8 % 

   Head and neck carcinoma, 4.6 %, 95 % CL 1.0–8.2 % 

   Breast cancers, 4.4 %, 95 % CL 4.1–4.7 % 

   Prostate cancer, 1.0 %, 95 % CL 0.9–1.1 % 

 Cancer stage: 

  Higher risk with advanced stage of disease, ≥2 [ 48 ,  66 ] 

 Status of the cancer during the time at risk for neutropenic fever syndromes: 

  Remission (lower risk) versus not in remission (higher risk) [ 58 ,  98 ] 

  Response to treatment 

   Complete responses are at lower risk [ 58 ] 

    Partial responses in solid tissue malignancies are at lower risk than partial responses in 
acute leukaemia 

    Persistent, refractory, or progressive diseases despite treatment are circumstances at 
higher risk [ 19 ,  99 ] 

  Treatment-related factors  

 Choice of cytotoxic regimen: 

   Higher risk regimens are those containing doxorubicin or epirubicin ≥90 mg/m 2 , cisplatin 
≥100 mg/m 2 , ifosfamide ≥9 g/m 2 , cyclophosphamide ≥1 g/m 2 , etoposide ≥500 mg/m 2 , or 
cytarabine ≥1 g/m 2  [ 84 ] 
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the fi rst day of the current treatment cycle), risk factors for serious medical compli-
cations, the neutropenic fever syndrome at presentation (fi rst fever, persistent fever, 
or recrudescent fever), the characterisation of the syndrome (i.e. documented or 
unexplained), and the presence and the clinical context in which the patient presents 
(initial treatment for a new diagnosis of cancer versus relapsed or persistent dis-
ease). Such considerations can be helpful in the methodological and encompassing 
approach to the development of a management plan. 

6.2       Neutropenia and Timing of Neutropenic Fevers 

 The relationship between fever, infection, and the state of neutropenia was described 
in the seminal work by Bodey and colleagues over 40 years ago [ 13 ,  14 ]. The risk 
of invasive infection is inversely related to the circulating absolute neutrophil count 
(ANC) [ 13 ,  22 ,  90 ] and increases as the ANC falls below 1.0 × 10 9  l and, in particu-
lar, as it falls below 0.5 × 10 9  l (OR 2.4, 95 % CI 1.3–4.5) [ 87 ]. Accordingly, severe 
neutropenia, as it is related to the risk of neutropenic fevers and documented inva-
sive infections, is defi ned by an ANC below 0.5 × 10 9  l [ 22 ]. A relationship between 
the risk for neutropenic fevers and an absolute lymphocyte count (ALC) of 
<0.7 × 10 9  l at day 1 of cytotoxic therapy [ 8 ,  84 ] has also been observed. The ANC 
and ALC are readily available from most automated leukocyte differential counts 
that are performed in routine hospital and clinic laboratories. 

 The nadir of cytotoxic therapy-induced myelosuppression typically occurs at the 
end of the second week, between day 10 and 14, from the fi rst day of cytotoxic 
therapy [ 21 ]. This is, coincidentally, the time of the maximum cytotoxic effect of 
the anticancer chemotherapies on the intestinal mucosa [ 20 ,  21 ,  65 ] and the time of 
maximal oral and gastrointestinal mucositis [ 9 ,  11 ,  21 ,  85 ,  93 ,  95 ]. Therefore, the 

Table 6.1 (continued)

  Dose-dense regimens such as CHOP-14 [ 83 ] 

   Breast cancer regimens containing an anthracycline (doxorubicin or epirubicin) plus a 
taxane (docetaxel or paclitaxel) and cyclophosphamide or gemcitabine [ 89 ,  108 ] 

 Dose intensity of the anticancer regimen 

   Administration of >85 % of the scheduled doses of chemotherapy are associated with 
increased risk [ 83 ,  89 ] 

 Degree and duration of oral/gastrointestinal mucositis [ 21 ,  85 ] 

 Degree and duration of neutropenia (ANC <0.5 × 10 9  l) [ 13 ,  14 ,  49 ] 

 Degree and duration of lymphopenia (ALC <0.7 × 10 9  l) [ 8 ,  84 ] 

 Degree and duration of monocytopenia (AMC <0.15 × 10 9  l) [ 78 ] 

 Administration of prophylactic haematopoietic growth factors may reduce risk in selected 
patients [ 1 ,  92 ] 

 Administration of antimicrobial chemoprophylaxis may reduce risk in selected patients [ 30 ] 

   ECOG  Eastern Cooperative Oncology Group,  CHOP  cyclophosphamide, hydroxydaunorubicin 
(doxorubicin), vincristine (Oncovin™), prednisone,  ANC  absolute neutrophil count,  ALC  absolute 
lymphocyte count,  AMC  absolute monocyte count  
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median time of the fi rst neutropenic fever is typically between day 10 and 14 of the 
chemotherapy cycle [ 21 ,  22 ] which corresponds to this time of maximal cytotoxic 
therapy-induced intestinal epithelial mucosal damage [ 20 ,  21 ] and is independent of 
the regimen [ 18 ,  74 ,  95 ,  110 ]. 

 The majority of fi rst neutropenic fevers tend to occur during the fi rst of a multi-
cycle regimen of systemic cytotoxic therapy [ 28 ,  30 ]. Moreover, a neutropenic fever 
episode occurring in cycle 1 tends to predispose to further episodes during subse-
quent cycles [ 30 ]. The risk is related to the type of cancer [ 48 ] and to the chemo-
therapeutic regimen [ 1 ,  108 ]. 

 The majority of infections in febrile neutropenic patients are due to bacteria 
and opportunistic yeasts that normally colonise the cytotoxic therapy-induced 
damaged mucosal surfaces [ 10 ,  75 ,  88 ]. It is not surprising, therefore, that the 
microorganisms that are most often associated with invasive bloodstream infec-
tions in neutropenic patients are derived of the normal microfl ora of the periodon-
tium (viridans [alpha haemolytic] group streptococci) and the gastrointestinal 
tract (facultatively anaerobic gram-negative members of the family 
Enterobacteriaceae [e.g.  Escherichia coli ,  Klebsiella pneumoniae , or  Enterobacter  
spp],  Enterococcus  spp. [often referred to as nonhaemolytic streptococci prior to 
genus and species identifi cation],  Staphylococcus  spp. [including thermonucle-
ase-positive  S. aureus  and thermonuclease-negative  S. epidermidis ],  Candida  spp. 
and less commonly obligate anaerobic gram-positive [ Clostridium  spp., 
 Lactobacillus  spp] and gram-negative [ Bacteroides  spp.] bacteria or a fermenta-
tive obligately aerobic gram-negative bacilli [ Pseudomonas  spp.,  Stenotrophomonas  
spp., or  Acinetobacter  spp.]). 

 The duration of severe neutropenia is different among different patient groups 
and the respective cytotoxic regimens. The expected median duration of an ANC 
<0.5 × 10 9  l among patients receiving remission-induction therapy with cytarabine 
and an anthracycline over 7 and 3 days, respectively, is of the order of 17 days [ 96 ] 
compared with 4 days for patients with solid tumours or lymphoma treated with 
intermittent cycles of chemotherapy [ 71 ]. The longer the duration of severe neutro-
penia, the greater the risk for opportunistic infection [ 13 ,  46 ].  

6.3     Risks and Predictors for Neutropenic Fever 

 A number of factors have been observed to be associated with the risk for neutrope-
nic fever syndromes. Of these, chemotherapy-induced neutropenia is perhaps the 
most important and is a common reason for anticancer treatment dose delays or 
dose reductions [ 89 ] that impacts upon the effi cacy of the anticancer treatment regi-
men. These factors are listed in Table  6.1 . Moreover, the degree of chemotherapy-
induced oral and gastrointestinal mucositis is directly correlated with the risk of 
infection [ 94 ]. 

 Various studies have identifi ed risk factors for neutropenic fevers including 
older age (particularly ≥65 years), advanced underlying malignant disease, low 
baseline leukocyte counts, marrow myelophthisis, low serum albumin, anaemia, 
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elevated lactate dehydrogenase, and co-morbid renal, cardiovascular, or hepatic 
conditions [ 82 ]. Such delays and reductions result in reduced dose intensity which, 
in turn, is linked to suboptimal anticancer treatment delivery [ 82 ,  83 ]. For example, 
in a 20-year follow-up to adjuvant CMF therapy for node-positive breast cancer, 
the overall survival of women who had received ≥85 % of the planned dose of 
CMF was 52 % compared to 32 %, 25 %, and 25 % for women who had received 
65–84 %, <65 %, and 0 % (the untreated control group), respectively, of planned 
CMF therapy [ 15 ]. Patient outcomes are better when anticancer treatment delivery 
is optimal [ 17 ,  25 ]. 

 A number of patient-driven circumstance-dependent predictors for neutropenic 
fevers have been identifi ed including patient age (particularly 65 years or more) [ 40 , 
 67 ,  102 ,  103 ], female sex [ 66 ], high body surface area [ 89 ], and pre-existing cardio-
vascular, renal, endocrine, or respiratory co-morbidities giving rise to poor perfor-
mance status [ 66 ,  109 ] and poor nutritional status [ 52 ]. Disease-related predictors 
have included elevated lactate dehydrogenase (LDH) in lymphoreticular diseases 
[ 52 ], myelophthisis [ 52 ] with lymphopenia [ 8 ,  84 ], and advanced stage of the under-
lying malignancy [ 47 ,  58 ,  66 ,  103 ,  108 ]. Anticancer treatment-related predictors of 
neutropenic fevers have included administration of the planned dose intensity or 
dose density [ 67 ], administration of high-dose chemotherapy regimens [ 1 ,  83 ,  84 , 
 92 ], and failure to administer haematopoietic growth factor support to patients 
receiving high-risk regimens [ 1 ,  102 ]. 

 Different regimens carry varying risks for chemotherapy-induced neutropenia 
[ 1 ,  84 ,  92 ]. For example, prior to 1998, regimens based upon cyclophosphamide, 
methotrexate, and fl uorouracil (CMF) were most frequently employed in the 
treatment of breast cancer [ 89 ]. Thereafter, anthracycline-based regimens became 
more common. The majority (70 %) of breast cancer patients receiving systemic 
chemotherapy now receive anthracycline-based regimens (such as FEC [fl uoro-
uracil, epirubicin, and cyclophosphamide]) or taxane plus anthracycline-based 
regimens (such as TAC [taxotere (docetaxel), doxorubicin (Adriamycin™), and 
cyclophosphamide]). The cycle length for such regimens is usually 21 days. The 
mean number of cycles is 7.9 ± 0.8 [ 83 ]. Neutropenic events (defi ned as neutro-
penia-related dose delays of ≥7 days, dose reductions of ≥15 %, or hospitalisa-
tions) have been more common among recipients of taxane-based regimens, 
followed by CMF-based regimens, and anthracycline-based regimens [ 89 ]. More 
neutropenic events occur among CMF recipients administered with increased 
dose density over 21 days rather than 28 days [ 62 ]. Neutropenic events occurring 
during cycle 1 of the treatment have tended to predict such events during the 
second and subsequent cycles [ 89 ]. Neutropenic fever syndromes have been 
uncommon among women receiving CMF-based adjuvant chemotherapy com-
pared to those receiving anthracycline- or taxane-based chemotherapy regimens 
(none versus 5–6 %, respectively) [ 83 ]. Among patients treated with 
CHOP-like (cyclophosphamide, hydroxydaunorubicin [doxorubicin], vincristine 
[Oncovin™], and prednisone) regimens for non-Hodgkin’s lymphoma, grade 4 
neutropenia over the course of 6–8 cycles may be expected in one in two patients, 
but the event rate for neutropenic fevers may be expected in up to 22 % [ 83 ]. 

6 The Diagnostic Approach to the Febrile Neutropenic Patient



96

Increasing the dose density of CHOP by reducing the time in between cycles 
from 21 to 14 days increases the likelihood that a toxicity-driven dose reduction 
will be required (from approximately one in three patients to up to one in two 
patients, respectively) [ 83 ]. The French ELYPSE study group characterised regi-
mens at high risk for neutropenic fevers as those containing anthracyclines 
(doxorubicin or epirubicin) ≥90 mg/m 2 , cisplatin ≥100 mg/m 2 , ifosfamide ≥9 g/
m 2 , cyclophosphamide ≥1 g/m 2 , etoposide ≥500 mg/m 2 , or cytarabine ≥100 mg/
m 2  per course [ 84 ]. Choice of chemotherapeutic regimen is a key driver of cyto-
toxic therapy-induced complications including grade 4 neutropenia, onset of 
neutropenic fever syndromes, and reductions in relative dose intensity and con-
sequent impact upon survival.  

6.4     Classification of Neutropenic Fever Syndromes 

 There are several neutropenic fever syndromes that have been described [ 18 ]. These 
consist of fi rst neutropenic fevers, persistent neutropenic fevers, and recrudescent 
neutropenic fevers for a given neutropenic episode. The number and severity of 
recrudescent fevers depends upon the duration of neutropenia [ 46 ,  76 ]. Further, 
each fever may be classifi ed as documented, microbiologically (based upon identi-
fi cation of a pathogen isolated from an infectious focus) or clinically (based upon 
identifi cation of an infectious focus without a putative pathogen), or as unexplained 
[ 50 ]. At the time of presentation, it may not be possible to accurately classify the 
neutropenic fever syndrome until the results of investigations and cultures are 
known. For example, a bacteraemic patient who presents with no obvious infl am-
matory focus may be misclassifi ed as an unexplained fever until the blood culture 
results become available. 

 The ultimate classifi cation of the neutropenic fever syndrome will depend, to 
some extent, upon the rigour with which a clinical focus of infection is sought. At 
the time of presentation, between one-fi fth and one-third of neutropenic fevers will 
prove to be bloodstream infections [ 44 ,  80 ,  104 ]. In one American study among fi rst 
neutropenic fevers, bloodstream infections accounted for 23 %, unexplained fevers 
8 %, and clinically documented infections 69 % [ 80 ]. Of the bloodstream infections, 
 Staphylococcus  spp. accounted for 19 %, viridans group streptococci 27 %, other 
gram-positive organisms 16 %, and gram-negative bacilli 37 %. Of the clinically 
documented infections, the majority (63 %) originated in the gastrointestinal tract 
(oral mucositis, oesophagus, and enterocolitis), 10 % originated in the skin and soft 
tissues (the majority of which were central venous access device related), 10 % 
originated in the lower respiratory tract, and 8 % from the urinary tract. In contrast, 
another trial from Europe classifi ed the neutropenic fever syndrome as microbio-
logically documented bloodstream infections in 40 % of cases, non-bacteraemic 
microbiologically documented infections in 6 % of cases, unexplained fevers in 
43 % of cases, and clinically documented infection in only 11 % of cases [ 23 ]. The 
major differences in these reports were in the proportions of infections that were 
bacteraemia and clinically documented oral and gastrointestinal mucositis. Despite 

E.J. Bow



97

the known relationship between cytotoxic therapy-induced mucosal damage, 
 translocation, and invasive infections in neutropenic patients [ 12 ,  20 ,  94 ], there 
remain differences of opinion regarding the classifi cation of sites of mucositis as 
infectious foci [ 85 ].  

6.5     Is the Patient Febrile? Measurement of Body 
Temperature 

 An elevated body temperature may be the earliest and only sign of infection in the 
neutropenic patient [ 90 ]. Prompt initiation of empirical systemic antibacterial ther-
apy is important to avoid progression to a sepsis syndrome and possibly death. 
Accordingly, the accurate and reliable clinical recognition of a febrile state in neu-
tropenic patients is critical. 

 The origins of the defi nition of normal body temperature are somewhat obscure 
[ 68 ]. The work of Carl Wunderlich in 1868 suggested that a normal body tempera-
ture was 37 °C (98.6 °F) and that the upper limit of normal was 38 °C (100.4 °F), 
beyond which fever was defi ned [ 111 ]. Indeed, a survey of 270 medical profession-
als noted that the majority (75 %) believed that the normal body temperature was 
37 °C (98.6 °F) [ 69 ]. However, a study of 148 healthy men and women at the 
University of Maryland demonstrated the mean of 700 baseline oral temperatures to 
be 36.8 ± 0.4 °C (98.2 ± 0.7 °F) with a range of 35.6 °C (96.0 °F) to 38.2 °C 
(100.8 °F). According to these observations, the upper limit of normal would be 
38.2 °C (100.8 °F). The temperature of 37 °C accounted for only 8 % of all readings 
and fell outside of the 99.9 % confi dence limit for the sample mean [ 70 ]. 

 Given these considerations, a number of guidelines have been published to pro-
vide some direction regarding the defi nition of a febrile state in neutropenic cancer 
patients. The Infectious Diseases Society of America has defi ned a febrile neutrope-
nic episode as a single oral temperature of >38.3 °C (101 °F) or a temperature of 
>38.0 °C (100.4 °F) sustained for >1 h [ 49 ]. Other international guidelines from 
North and South America, Europe, and Asia have provided similar defi nitions [ 6 , 
 55 ,  64 ,  86 ,  101 ]. The Japan Febrile Neutropenia Study Group and the Asia-Pacifi c 
febrile neutropenia guidelines group have recommended that a single oral tempera-
ture of ≥38.0 °C or a single axillary temperature of ≥37.5 °C be accepted as the 
defi nition of a febrile state [ 101 ]. Based upon the observations pertaining to the 
range of normal temperatures from the University of Maryland, most North and 
South American and European guidelines have adopted the standard of a single oral 
temperature of ≥38.3 °C as the defi nition of pyrexia in the setting of neutropenic 
cancer patients. 

 The next important question is how body temperature is measured. Most medical 
facilities measure body temperature by oral, infrared tympanic membrane, axillary, or 
rectal thermometry as a surrogate of core body temperature as measured by standard 
pulmonary artery catheter (PAC) or in situ urinary bladder thermometry. An accurate 
measurement is desirable since the decision to initiate an aggressive protocol of neutro-
penic fever management may be based upon the difference of a half degree Celsius [ 34 ]. 
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 One study from St. George’s Hospital in London compared axillary chemical 
and infrared tympanic membrane thermometry to pulmonary artery catheter (PAC) 
thermometry for the estimation of core body temperature [ 36 ]. Based upon adjudi-
cation by an expert panel, false-negative rates resulting in possible delayed inter-
ventions of 15.3 and 21.1 % for axillary and tympanic thermometry, respectively, 
were observed. Similarly, false-positive rates possibly leading to unnecessary 
interventions of 28.8 and 37.8 % for axillary and tympanic thermometry, respec-
tively, were observed. Whilst infrared tympanic membrane thermometry is non-
invasive and convenient, the procedure is subject to inaccuracy due to observations 
obtained from the dependent ear [ 43 ], multiple user error [ 4 ], operator technique 
and equipment maintenance [ 39 ,  54 ,  77 ], and failure to remove cerumen in the 
external auditory canal [ 33 ]. Axillary temperatures have tended to be 0.2–0.4 °C 
higher than PAC thermometry [ 35 ,  36 ] thus overestimating patient temperature. 
Moreover, interventions such as warming blankets and haemofi ltration have 
resulted in variances from PAC thermometric measurements by as much as 0.4 and 
0.3 °C, respectively [ 36 ].  

6.6     Risk for Serious Medical Complications Associated 
with the Neutropenic Fever Syndrome 

 Over 40 years ago, it was recognised that the population of neutropenic patients is 
very heterogeneous [ 13 ,  98 ,  99 ]. Neutropenic cancer patients are not only at risk of 
infection; they are at risk for a variety of medical complications of other treatments, 
other co-morbid diseases, and cancer-related problems that may lead to cardiorespi-
ratory failure or bleeding [ 97 ]. The identifi cation of co-morbidities among febrile 
neutropenic patients is linked to in-hospital mortality risk and cost of hospitalisation 
[ 60 ]. Early studies at the Dana-Farber Cancer Institute noted that on the average 
about one in fi ve febrile neutropenic cancer patients would develop such problems; 
however, the risks for serious medical complications were about one in three for 
those who were inpatients or who had uncontrolled cancer at the time of the neutro-
penic fever and even higher, one in two, for those with coexisting active co-morbid-
ities [ 98 ]. For those febrile neutropenic patients without these characteristics, a 
group that accounted for the majority of patients at risk of infection, the complica-
tion rate was only 2 % [ 98 ]. These observations suggested that these characteristics 
might be useful for developing a predictive rule to reliably identify a subgroup of 
patients for whom a different approach with transition to outpatient management 
may be feasible and safe [ 99 ,  100 ]. 

 The Multinational Association for Supportive Care in Cancer (MASCC) has 
developed [ 58 ] and validated [ 105 ] a risk-index scoring system based upon charac-
teristics easily identifi able at the onset of the episode predicting the development of 
potentially serious medical complications (shown in Table  6.2 ) during the neutrope-
nic fever syndrome that would require hospitalisation or prolong hospitalisation for 
management. This risk-index score is presented in Table  6.3 . A risk-index score of 
≥21 in the initial development of the model predicted a group of patients at “low 
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risk” for the kinds of medical complications shown in Table  6.2  with a sensitivity, 
specifi city, and positive and negative predictive values of 71, 68, 91, and 36 %, 
respectively, with a misclassifi cation rate of 30 % [ 58 ].  

  In a prospectively conducted additional validation study, the MASCC risk-
index score correctly classifi ed low-risk and high-risk patients in 98.3 and 
86.3 % of cases, respectively, giving a sensitivity, specifi city, and positive and 
negative predictive values of 95, 95, 98.3, and 86.4 %, respectively [ 105 ]. The 
model was further refi ned by the reclassifi cation of patients with “complicated” 
infections (defi ned by presence of a visceral site of infection, sepsis syndrome, 
a non-necrotising skin or soft tissue infection [SSTI] of >5 cm diameter, a 

    Table 6.2    Neutropenic fever syndrome-associated medical complications considered serious   

 Medical complications 

 Hypotension (defi ned by a systolic blood pressure less than 90 mmHg or by the need for 
vasopressor support to maintain blood pressure) 

 Respiratory failure (defi ned by an arterial oxygen pressure less than 60 mmHg whilst 
breathing room air or by the need for mechanical ventilation) 

 Admission to a critical care service 

 Disseminated intravascular coagulation 

 Presence of confusion, delirium, or altered mental state 

 Development of congestive cardiac failure documented by chest imaging and that requires 
treatment 

 Bleeding diathesis suffi cient to require blood cell transfusion 

 Arrhythmia or ECG changes requiring treatment 

 Renal failure suffi cient to require investigation and/or treatment with IV fl uids, dialysis, or any 
other intervention 

 Other complications judged serious and clinically signifi cant by the medical care team 

   Table 6.3    The Multinational Association for Supportive Care in Cancer (MASSC) index score 
used to predict the likelihood of serious medical complications in “low-risk” versus “high-risk” 
febrile neutropenic cancer patientsa   

 Prognostic factor  Weight 

 Burden of the neutropenic fever syndrome: no symptoms or only mild symptoms  5 

 No hypotension (systolic BP >90 mmHg)  5 

 No chronic obstructive lung disease  4 

 Solid tissue malignancy or haematological malignancy without previous history of 
invasive fungal infection 

 3 

 No dehydration that requires administration of parenteral fl uids  3 

 Burden of the neutropenic fever syndrome: moderate symptoms  3 

 Outpatient status at the time of onset of the neutropenic fever syndrome  3 

 Age <60 years  2 

   a Derived from Klastersky et al. [ 58 ] and Uys et al. [ 105 ]. Weightings for  burden of the neutropenic 
fever syndrome  are not cumulative. Therefore, the maximum attainable score is 26  
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necrotising SSTI of any size, or oral mucositis [WHO grade >2]) as high risk for 
serious medical complications. This had the effect of increasing the sensitivity 
and negative predictive value to 100 % each among febrile neutropenic patients 
with a MASCC index score of ≥21 [ 31 ]. Table  6.4  details a review of the pub-
lished performance of the MASCC risk-index scoring system for predicting 
patients at low risk for serious medical complications. The pooled sensitivity, 
specifi city, and positive and negative predictive values were 85, 68, 83, and 
68 %, respectively. The rate of misclassifi cation was one in fi ve (20 %, 95 % CI 
10–29 %). 

  The concept of identifying risk at the onset of a febrile neutropenic episode has 
been accepted into standard practice [ 41 ,  49 ,  64 ]. The accurate identifi cation of 
such low-risk patients at the onset of the episode has important signifi cance for 
the choice of the empirical antibacterial therapy regimen (monotherapy versus 
combination therapy), route of administration (oral versus intravenous), and 
venue of administration (outpatient versus inpatient). In a subsequent study, 
Klastersky and colleagues followed 611 febrile neutropenic patient episodes clas-
sifi ed using the MASCC risk-index score as low or high risk for the primary out-
come of resolution of fever without serious medical complications [ 57 ]. A total of 
178 of 383 episodes of fi rst neutropenic fever were deemed eligible (defi ned by 
ability to swallow oral medications, no allergy to penicillin or fl uoroquinolones, 
and no use of antibacterial chemoprophylaxis) to receive oral empirical antibacte-
rial therapy (ciprofl oxacin 500 mg tid and amoxicillin/clavulanate 500/125 mg 
tid) and early (within 48 h) hospital discharge. Of these 178 subjects, 79 (44 %) 
underwent early discharge at a median of 26 h following initiation of treatment 
with overall strategy success for the outpatient oral therapy in 76 (96 %, 95 % CI 
92–100 %). Whilst no serious medical complications were observed in this group, 
three patients required readmission for intravenous antibiotics (2) or persistent 
fever (1). For the 99 subjects remaining in the hospital, there were 9 serious medi-
cal complications with overall strategy success in 90 subjects (91 %, 95 % CI 
85–97 %). These results demonstrated the safety and feasibility of using the 
MASCC risk-index score to identify low-risk patients eligible for oral empirical 
antibacterial therapy and early hospital discharge [ 57 ]. 

 Bacteraemia in neutropenic patients is associated with greater serious medi-
cal complications and higher overall mortality [ 56 ]. Factors at presentation of 
the neutropenic fever episode such as shock, temperature of >40 °C, or severe 
thrombocytopenia have been associated with gram-negative bloodstream infec-
tions [ 59 ] but have not been suffi ciently discriminatory for use in a practical 
model [ 107 ]. MASCC-predicted high-risk patients have a signifi cantly higher 
likelihood of having bacteraemia than low-risk patients: almost 1 in 3 (209/654, 
32 %) compared to 1 in 5 (290/1,488, 19.5 %) [ 79 ]. High-risk bacteraemic 
patients had signifi cantly higher rates of serious complications and death than 
low-risk patients for gram-positive (39 % and 9 % versus 16 % and 2 %, respec-
tively) and gram-negative bacteraemia (60 % and 29 % versus 20 % and 6 %, 
respectively). The MASCC risk-index score of ≥21 had similar predictive value 
for successful outcome among non-bacteraemic patients (OR 6.06, 95 % CI 
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4.51–8.15) as for those with single gram-positive (OR 3.42, 95 % CI 1.95–5.98) 
or single gram-negative (OR 6.04, 95 % CI 3.01–12.09) bacteraemias [ 79 ]. The 
MASCC risk-index score predicts high-risk circumstances wherein bloodstream 
infections are more likely to occur, but does not discriminate which high-risk 
patients with bacteraemia.  

6.7     Presentation to the Outpatient Clinic 
or to the Emergency Department 

 The signs and symptoms of infl ammation and infection in neutropenic cancer 
patient such as swelling, local warmth, fl uctuance, ulceration, or exudate may be 
muted [ 90 ,  91 ]. Pyrexia is almost invariably present in neutropenic patients with 
systemic infection [ 90 ]. Accordingly, the presentation of a cancer patient with a his-
tory of a febrile illness should prompt a full investigation to establish the likelihood 
whether the patient is neutropenic and has objective evidence of infection. A sum-
mary of this approach based upon the 2010 guideline update from the Infectious 
Diseases Society of America [ 42 ] is illustrated in Fig.  6.1 .  

 The likelihood of being neutropenic is greater with a history of a syndrome or 
diagnosis associated with disease-related bone marrow failure such as acute leukae-
mia or myelodysplasia or with treatment-related bone marrow failure such as recent 
receipt of cytotoxic therapy or haematopoietic stem cell transplantation. These clues 
together with a history that suggests fever should compel the health care team to 
obtain a full set of vital signs (heart rate, blood pressure, respiratory rate, and arte-
rial oxygen saturation), basic laboratory investigations including a complete blood 
count, at least two sets of blood cultures from separate sites, and an assessment of 
renal function. Such an approach should establish whether the patient is neutropenic 
and the presence of a systemic infl ammatory response syndrome. 

 The term “systemic infl ammatory response syndrome” (SIRS) was brought into 
common usage in a 1992 statement from the ACCP/SCCM consensus conference to 
describe the activation of the innate immune response triggered by localised or sys-
temic infection, trauma, thermal injury, or non-infectious processes such as acute 
pancreatitis [ 63 ].  SIRS  is defi ned by the presence of more than one of the following: 
body temperature higher than 38 °C or lower than 36 °C, heart rate greater than 90 
beats per minute, hyperventilation defi ned by a respiratory rate of greater than 20 
breaths per minute or PaCO 2  of less than 32 mmHg, or a circulating leukocyte count 
of greater than 12.0 × 10 9  l or lower than 4.0 × 10 9  l. Investigators have argued that 
these clinical criteria are non-specifi c and that other biochemical evidence for 
infl ammation should be considered in the defi nition including increased circulating 
levels of interleukin 6, C-reactive protein, or procalcitonin [ 63 ,  106 ]. 

  Sepsis  has been defi ned as SIRS with evidence of infection [ 16 ] wherein infec-
tion is itself defi ned as a pathological process induced by a microorganism. 
According to the revised defi nitions designed to codify the clinical impression of 
“sepsis”, this state may be documented or suspected by the presence of fever (core 
temperature ≥38.3 °C), hypothermia (core temperature <36 °C), tachycardia (heart 
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rate >90 min or 2 standard deviations above the age mean), tachypnea (respiratory 
rate >30 min), altered mental status, signifi cant oedema or positive fl uid balance 
(>20 ml/kg over 24 h), hyperglycaemia (blood glucose >7.7 mmol L in the absence 
of a diagnosis of diabetes mellitus), leukocytosis (total leukocyte count >12.0 × 10 9  l), 
leukopenia (total leukocyte count <4.0 × 10 9  l), or a normal leukocyte count with 
>10 % immature neutrophils in the leukocyte differential count [ 63 ]. 

  Severe sepsis  has been defi ned as sepsis with evidence of organ dysfunction, hypo-
perfusion, or hypotension. In the revised defi nitions, organ dysfunction may be articu-
lated as arterial hypoxaemia (PaO 2 /FIO 2  <300), acute oliguria (urine output <0.5 ml/
kg/h for at least 2 h), creatinine increase ≥0.5 mg/dl, coagulation abnormalities (inter-
national normalised ratio >1.5 or activated partial thromboplastin time >60 s), ileus 
(absent bowel sounds), thrombocytopenia (platelet count <100,000 µl), and hyperbili-
rubinaemia (plasma total bilirubin >4 mg/dl or 70 mmol/l) [ 37 ,  72 ]. Evidence for hypo-
perfusion includes hyperlactataemia (>3 mmol/l), decreased capillary refi ll, or mottling. 

Febrile Cancer Patient

Neutropenic Fever Syndrome 
(Absolute neutrophil count, ANC, < 0.5 x109/L / Temperature > 38.3°C)

< 21
(High-risk)

≥ 21
(Low-risk)

MASCC Risk-index

Considerations . . .
• Admit for 24-hour observation Æ early discharge, or
• Discharge to community directly for daily follow-up;
• Intravenous empirical anti-bacterial therapy, or
• Oral empirical anti-bacterial therapy

• Ciprofloxacin 500-750 mg Bid to Tid Plus
 Amoxicillin/Clavulanate 500/125 mg Tid

• Administer the first dose within two hours of assessment 
• Treat until afebrile 2-3 days and ANC > 0.5 x 109/L over at least
 two consecutive days

Considerations . . .
• Admit to hospital 
• Determine SIRS vs Severe Sepsis vs Septic Shock
• Evidence for organ dysfunction, hypoperfusion, or hypotension
• Intravenous empirical anti-bacterial therapy: 

• Monotherapy with an anti-pseudomonal β-lactam agent
 (cefepime,   piperacillin/tazobactam, or a carbapenem) for
 SIRS, sepsis, or severe sepsis; 
• Combination therapy with the above plus an aminoglycoside for
 severe sepsis with hypotension or a glycopeptide for SSTI, 
   pneumonia, CVAD-related infection, or hypotension.

• Administer the first dose within two hours of initial assessment.
• Treat until afebrile 4-5 days and ANC > 0.5 x 109/L over at least two
 consecutive days

Historical clues . . .
∑ Chills, malaise, focal pain
∑ Focal complaints: Oro-pharynx / Upper & Lower respiratory tract /
 abdomen / skin / venous access sites
∑ Underlying diagnosis: Solid Tumour / Lymphoma / Acute
 Leukaemia / Myelodysplasia
∑ Recent chemotherapy

Physical clues . . .
∑ Evidence for SIRS (Temperature, heart rate, respiratory
 rate, blood pressure, SaO2, leukocyte count)
∑ Focal abnormalities: Oro-pharynx / Upper & Lower
 respiratory tract / abdomen & peri-rectal tissues / skin / venous
 access sites

Complete blood count 
(WBC, Differential, Haemoglobin, Platelet count)

Haemostasis
(INR, aPTT, Fibrinogen)

Blood cultures (≥ 2 sites)
Chest x-ray

(if S&S suggest LRTI)

Serum electrolytes & renal assessment
(Na+, K+. Cl-, TCO2, BUN/Cr)

Liver function
(Total bilirubin, AST/ALT, LDH, ALP/GGT; Albumin/ total protein)

  Fig. 6.1    Approach to the cancer presenting to an outpatient assessment service with suspected 
infection and possible neutropenic fever syndrome. Abbreviations:  INR  international normalised 
ratio,  apt  activated partial thromboplastin time,  Na   +   sodium,  K   +   potassium,  Cl   −   chloride,  TCO   2   
total carbon dioxide,  BUN  blood urea nitrogen,  Cr  serum creatinine,  AST  aspartate transaminase, 
 ALT  alanine transferase,  LDH  lactate dehydrogenase,  ALP  alkaline phosphatase,  GGT  gamma 
glutamyl transferase,  SaO   2   arterial oxygen saturation,  ANC  absolute neutrophil count,  MASCC  
Multinational Association for Supportive Care in Cancer; SIRS, systemic infl ammatory response 
syndrome,  CVAD  central venous access device,  SSTI  skin and soft tissue infection,  Bid  twice daily, 
 Tid  thrice daily       
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Arterial hypotension is defi ned by systolic blood pressure <90 mmHg, a mean arterial 
pressure of <70 mmHg, or a systolic blood pressure decrease of >40 mmHg in adults 
or >2 standard deviations below the normal for age [ 63 ].  Septic shock  is defi ned as 
sepsis with arterial hypotension despite adequate fl uid resuscitation [ 16 ]. 

 The frequency of severe sepsis or septic shock as a feature in the presentation of 
neutropenic fever syndromes is not well described. Almost half (45.2 %, 95 % CI 
38.2–52.1 %) of febrile neutropenic cancer patients presenting to emergency rooms 
in France had evidence of sepsis syndrome in one review in which 56 % of subjects 
had solid tissue malignancies and 44 % had haematological cancers [ 5 ]. In another 
report of patients with acute leukaemia, 22 of 94 (23.4 %) neutropenic fever epi-
sodes were associated with severe sepsis [ 53 ]. Yet another report focusing upon 
low-risk patients described an event rate for the sepsis syndrome of only 2 % [ 29 ]. 
Septic shock in older European studies has been reported to be of the order of 2.2 % 
(95 % CI 1.3–3.7 %) [ 87 ]. There appears to be several predictors that contribute to 
the risk for evolution from SIRS to severe sepsis or septic shock that include, but are 
not limited to, disease-related variables such as the state of the underlying cancer 
(e.g., remission versus not in remission); patient-related factors such as age, sex, or 
the presence of pre-existing co-morbid conditions (such as lung, kidney, or heart 
disease); treatment-related variables such as the duration and severity of neutrope-
nia and mucositis; and infection-related factors such as the classifi cation of the neu-
tropenic fever syndrome as unexplained or clinically or microbiologically 
documented, the appropriateness of the initial management, or pathogens involved 
(for example, gram-negative bacteria versus gram-positive bacteria versus fungi). 

 The defi nitions for the sepsis syndrome, developed [ 16 ] and refi ned [ 32 ] previ-
ously, were modifi ed for clinical use in febrile neutropenic patients, that is, a blood 
lactate of >4 mmol/l, or hypotension before fl uid challenge (systolic pressure of 
<90 mmHg or <40 mmHg below the patient’s usual systolic blood pressure), or 
evidence of at least one organ system dysfunction (such as a serum creatinine 
>176 umol/l, a total bilirubin of >78 umol/l, an international normalised scale >2, or 
a Glasgow coma scale of <15) [ 5 ]. 

 French guidelines [ 5 ,  73 ] recommend that for febrile neutropenic patients pre-
senting with a severe sepsis syndrome, the following should occur within 90 min of 
presentation: at least one blood culture and a lactic acid measurement should be 
obtained, a fl uid challenge of at least 500 ml for those with a mean arterial pressure 
of <65 mmHg and a dose of appropriate broad-spectrum empirical antibacterial 
therapy should be administered, and the patient should be admitted to the hospital. 
Those presenting with a “non-severe” sepsis syndrome and who are classifi ed as 
“high risk” by the MASCC risk-index scoring system should have at least two blood 
culture from separate sites [ 49 ], receive a dose of an appropriate empirical intrave-
nous antibacterial regimen, and be admitted to hospital. The empirical administra-
tion of haematopoietic growth factors as part of the management of the neutropenic 
fever syndrome is not indicated in these circumstances [ 92 ]. Patients presenting 
with a “non-severe” sepsis syndrome who are classifi ed as “low risk” by the MASCC 
risk-index scoring system should have at least two blood cultures from separate 
sites [ 49 ], receive an oral empirical antibacterial regimen (such as ciprofl oxacin plus 
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amoxicillin/clavulanate), and be discharged from hospital. Similarly, the empirical 
addition of haematopoietic growth factors are not indicated [ 92 ]. 

 Timeliness of empirical antibacterial treatment is important. Despite the avail-
ability of guidelines such as these, the time from assessment to treatment has been 
variable. In one study, the time from initial triage in the emergency department until 
administration of empirical antimicrobial therapy for neutropenic fever was as long 
as 170 min [ 81 ]. Since time to treatment is critically related to survival in patients 
with severe sepsis, recommendations for timely administration of empirical anti-
bacterial therapy in such patients has been recommended [ 3 ,  61 ]. Even educational 
interventions have not produced sustained results [ 38 ]. Whilst methodological dif-
fi culties confound the ability to empirically demonstrate a time-delay effect upon 
survival, some investigators have suggested that such short timelines from assess-
ment to antibiotic administration are reasonable benchmarks [ 27 ]. In one study 
from Brazil, the inclusion of a broad-spectrum antibiotic at the initial point of 
assessment for febrile neutropenic paediatric patients reduced the time from assess-
ment to antibiotic administration by two-thirds from a median of 164 to 55 min [ 3 ]. 
In this example, accessibility of the antibacterial therapy seemed to be the factor 
most useful to achieving timely intervention. Such a score card chronicling the time 
from assessment to antibacterial administration seems an appropriate performance 
measure for medical facilities having the responsibility of providing service to 
febrile neutropenic patients.     
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7.1            Early Detection of Pneumonia 

 The necessity for early detection of the focus of infection is based upon high 
fatality of infections in immunocompromised hosts, increasing within hours of 
delayed appropriate treatment [ 48 ]. (This paper does not refer to immunocom-
promised patients; maybe Greene 2007 [ 52 ] or Cornely 2010 [ 58 ] could be used), 
a potential negative impact of delayed diagnosis (i.e., more advanced infection) 
on future antineoplastic treatment, and high costs of prolonged hospitalization. 
This has to be compared with the costs of a non-enhanced CT scan, which is 
around € 230 in German hospitals. After physical examination and interpretation 
of laboratory fi ndings, the search for an infectious focus starts with the identifi -
cation of the most suspected organ system(s). The appropriate imaging technique 
has to be selected demanding for high sensitivity and clinically meaningful nega-
tive predictive value [ 4 ]. 

 Exact proportions of organ involvement are diffi cult to determine and may differ 
from clinical and pathological fi ndings, the latter often obtained from autopsies 
(i.e., negative selection). Clinically, lungs are affected in 30 % of febrile neutropenic 
patients and allogeneic hematopoietic stem cell transplant (aSCT) recipients, para-
nasal sinuses in 3 % of neutropenic patients, and 30 % in the aSCT setting (con-
comitant to pneumonia), while the gastrointestinal tract, liver, spleen, central 
nervous system, and kidneys are less frequently involved [ 4 ]. 

7.1.1     Conventional Chest Radiograph 

 Chest x-ray (CXR) is still frequently used when pneumonia is suspected or should 
be ruled out [ 14 ,  15 ]. CXR has several advantages: it is quick, widely available 
(even on the ward), inexpensive, and associated with a low radiation dose. CXR is 
occasionally done on the ward to keep neutropenic patients in protective isolation, 
even if performed in supine position. But CXR has the crucial disadvantage of 
superimposition and therefore a very limited sensitivity for the detection of pneu-
monia (Figs.  7.2  and  7.6 ) [ 14 ,  16 ]. Especially if performed in supine position, lung 
infl ation is worse and lateral projection is lacking, which limits image quality 
besides other technical issues. In patients with fever of unknown origin (FUO) after 
SCT, digital CXR in supine position achieves a sensitivity for early detection of 
pneumonia of only 46 % [ 17 ]. While CXR provides relevant clinical information 
concerning central venous catheters (CVC), pleural effusion, and pulmonary con-
gestion [ 17 ], it fails to enable early detection or exclusion of pneumonia, which is a 
major task in immunocompromised hosts. CXR in supine position alone is therefore 
not recommended for the early detection of pneumonia in these patients [ 5 ]. Also, 
if an infi ltrate is apparent at CXR, the options for its characterization are very lim-
ited. If pneumonia is considered in these hosts, thin-section CT should be preferred 
at any time [ 18 ].  
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7.1.2     CT Technique and Terminology 

 The radiation dose is of limited concern in patients who eventually underwent local 
or total body irradiation and received cytotoxic agents, etc., considering that actual 
CT techniques apply 1–10 mSv per lung scan (in this diagnostic scenario: mSv = 
mGy) [ 19 ,  20 ]. The risk of developing a radiation-induced neoplasm, even after 
several diagnostic exposures, is low when compared to the high mortality associated 
to infection and disease as well as the risk of a secondary malignancy due to anti-
neoplastic treatment. 

 Terms like  incremental CT ,  high - resolution CT  (HRCT),  spiral CT ,  thin - section 
CT ,  multislice CT  (MSCT), and  low - dose CT  are widely used and might confuse 
non-radiologists. To keep it simple, HRCT is an incremental scanning technique 
with several respiratory breath-holds resulting in inaccuracy of repositioning of the 
anatomical lung position. The use of 1 mm sections and gaps in between (e.g., 
10 mm) results in representative, detailed images of selected lung areas; however, 
the noncontiguous scanning has its limitations in nodule detection, quantifi cation, 
and monitoring. Volumetric techniques as used in spiral CT and MSCT, acquired 
without gaps, are frequently reconstructed with larger thickness (e.g., 5 mm) result-
ing in spatial volume effects. This results in limitations to detect infl ammatory lung 
disease, especially ground-glass opacifi cation [ 22 ]. Since no additional information 
is expected from supplemental spiral CT to HRCT, as shown in AIDS patients [ 23 ], 
HRCT may be used as a diagnostic standard. In contrast, thin-section MSCT pro-
vides volumetric scanning as well as detailed images [ 24 ,  25 ]. This technique also 
allows for an adequate monitoring of lung disease since the same anatomical posi-
tion can be reidentifi ed in baseline and follow-up studies [ 24 – 26 ]. While a rapid 
technical development in CT imaging is ongoing, the different techniques applied 
today are addressed as “CT” in this chapter. 

 In general, contrast enhancement is not required for detecting and characterizing 
pneumonia [ 6 ,  18 ]. Only    in special situations such as suspicion of pulmonary embo-
lism or hemoptysis caused by vessel erosion is CT angiography benefi cial (Fig.  7.1 ) 
[ 27 ]. In the aSCT setting, bronchiolitis obliterans is to be considered [ 24 ,  28 ] where 
air-trapping is a relevant fi nding. Here, an additional expiratory CT scan is helpful 
[ 24 ,  28 ].

7.1.3        CT 

 The advantage of HRCT in comparison to CXR for the early detection of pneumo-
nia was demonstrated in febrile neutropenic patients not responding to empirical 
antibiotic therapy [ 21 ]. In approximately 60 % of the patients with a normal CXR, 
HRCT showed pulmonary infi ltrates (Fig.  7.2 ). In only 10 % of patients with a nor-
mal chest x-ray and a normal HRCT, pneumonia occurred during follow-up [ 21 ]. 
Exclusion of pneumonia is another clinically relevant information. Thus, CT yields 
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very useful results with good sensitivity (87 %) and negative predictive value 
(88 %). The early use of HRCT achieves a gain of approximately 5 days during 
which pneumonia may be excluded [ 17 ]. In clinical practice, this may be very help-
ful for the management of immunocompromised hosts at high risk of life- threatening 
pulmonary infection [ 5 ] (   Fig.  7.2 ).

7.1.4        Magnetic-Resonance Tomography (MRI) 

    MRI has been evaluated for the investigation of pulmonary disease since it has a 
known benefi t in lesion characterization [ 29 ,  30 ]. Comparing CT to MRI on an 
intraindividual basis, MRI reveals comparable clinical results (sensitivity 95 %, 
specifi city 88 %, positive predictive value 95 %, negative predictive value 88 %) 
[ 53 ]. Besides the lack of radiation, there is no clear advantage of MRI in the early 
detection of pneumonia (Fig.  7.3 ). In advanced stages, CT and MRI are comparable 
in the visualization of infi ltrates [ 30 ]. CT is widely available, easier, and faster to 
perform as well as less susceptible to breathing artifacts. MRI is superior to CT in 
the detection of abscesses due to a clearer detection of central necrosis in T2-weighted 
images and rim enhancement after contrast application in T1-weighted images [ 29 ]. 
However, this fact has limited clinical impact and duration of MRI, and required 
compliance is substantially higher compared to CT. MR has problems to detect 
small lesions and those which are adjacent to the left ventricle due to the cardiac 
motion [ 53 ].

a b

     Fig. 7.1    Contract-enhanced CT demonstrates vessel erosion in a consolidating infi ltrate of the left 
lung. An apposition thrombus can be depicted in the pulmonary artery of the left lower lobe of this 
45-year-old female who underwent unrelated PBST 6 months before due to AML. She died 2 days 
later from brain infarction       
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7.1.5        Recommendation for Clinical Practice 

 In contrast to systemic infections, identifi cation of the underlying organism in pneu-
monia is more diffi cult and complex. Attempts to reinforce pathogen identifi cation 
did not improve the clinical outcome signifi cantly [ 9 ]. Therefore, a calculated (pre-
emptive) decision on antimicrobial therapy in febrile immunosuppressed patients 
based on imaging studies is widely used. 

 The use of CT is recommended for the early detection of pneumonia [ 9 ]. It may 
serve for indication and localization of invasive diagnostic procedures such as 

a

c

b

  Fig. 7.2    Neutropenic febrile patient receiving broad-spectrum antibiotic therapy. CXR was nor-
mal at day 3 of fever ( a ,  b ). HRCT    performed the same day demonstrates bilateral infi ltrates, which 
were hidden behind the heart in posterior-anterior and the spine in lateral projection ( c )       
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bronchoscopy and bronchoalveolar lavage or CT-guided biopsy. On the other hand, 
the exclusion of pneumonia can be obtained with a higher reliability as compared to 
conventional CXR. The sequential cascade as shown in Fig.  7.4  can be modifi ed if 
the local institutional CT capacity allows for the skipping of CXR.

7.2         Monitoring of Lung Infiltrates 

 An increasing size of pulmonary infi ltrates during hematopoietic recovery has been 
well described by [ 31 ]. Caillot et al. evaluated HRCT in neutropenic patients with 
proven pulmonary aspergillosis at weekly intervals [ 31 ] and documented the time 
points of different radiological patterns and evaluated the size of infi ltrates and docu-
mented the time points of different radiological patterns and evaluated the size of 
infi ltrates. They frequently found a “halo sign” (Fig.  7.5 ) on the fi rst CT scans and 
reported a low sensitivity of this pattern (68 %), which was no longer visible on fol-
low-up scans. In contrast, the more specifi c “air-crescent sign” (Fig.  7.7 ) emerged 

a b

dc

  Fig. 7.3    Fungal    pneumonia in HRCT ( a ), T2-weighted ( b ), non-enhanced T1-weighted GE MRI 
( c ) and after Gd application performed the same day ( d ). Lesion contrast is similar in CT and 
contrast-enhanced MRI       
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frequently during follow-up (up to 63 %). The size of infi ltrates increased by fourfold 
under successful antifungal treatment due to hematopoietic reconstitution. In this 
study, pneumonia was fi rst detected on day 19 of neutropenia. Enlargement of infi l-
trates is probably caused by the invasion of newly generated neutrophil granulocytes 
at the beginning of bone marrow recovery. In critically ill patients, leukocyte inva-
sion has been described as a risk factor for the development of acute respiratory 
distress syndrome (ARDS) [ 14 ] (   Fig.  7.6  and  7.7 ).

7.3          Characterization of Pneumonia 

 Radiologists’ dream is to be capable to identify the underlying microorganism in pneu-
monia of immunocompromised hosts with a suffi cient specifi city. In some cases, imag-
ing can provide very fast useful hints, but no verifi cation. The quality of these clues 

fever > 48h

CXR

HRCT

follow-up
invasive

procedure

infiltratenormal

normal

  Fig. 7.4    Recommendations of the Guidelines of the Infectious Diseases Working Party 
(AGIHO) of the German Society of Hematology and Oncology (DGHO) [ 13 ]. Since the initial 
CXR is of limited use, this diagnostic step is more and more omitted and CT is performed 
primarily       
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depends on the cooperation between clinicians and radiologists and on the radiologists’ 
experience with these complications. This requires an informational exchange con-
cerning relevant individual patient data like severe neutropenia or allogeneic stem cell 
transplantation. For example, information on reactivation of cytomegalovirus (CMV) 
in a patient with graft-versus-host disease is very helpful for the correct interpretation 
of pulmonary HRCT fi ndings. Also the chemotherapy or total body irradiation applied 
for conditioning before aSCT may be relevant for differential diagnostic considerations 
in patients who might present with clinically similar signs and symptoms [ 6 ,  7 ,  32 ,  33 ]. 
Some of the most useful clues are listed in    Table  7.1 .

7.3.1       Bacterial Pneumonia 

 Bacteria are causing approximately 90 % of infections during the early phase of neu-
tropenia [ 8 ]. The radiological appearance of bacterial pneumonia includes consolida-
tion, especially bronchopneumonia and positive pneumobronchogram (Fig.  7.2 ) [ 33 , 
 34 ]. In contrast to immunocompetent patients, ground-glass opacifi cation is found 
more often and remains nonspecifi c.  

7.3.2     Fungal Pneumonia 

 Severe neutropenia lasting for more than 10–14 days is associated with an increas-
ing risk of invasive fungal infection [ 3 ], with  Aspergillus species  being the pri-
mary pathogen, while  Candida species  very rarely cause primary pneumonia 
(Fig.  7.8 ) [ 5 ]. Typical radiological fi ndings of fungal and non-fungal pneumonia as 

day 2

neutropenia +
fever =>

Amphotericin B

ill-defined nodules haematological
reconstitution

halo disappeared shrinkage

day 7 day 13 day 33 day 108

a b c d d

  Fig. 7.5    Neutropenic febrile patient who underwent autologous peripheral blood stem cell trans-
plantation. On day 2 after posttransplant, empirical mold-active antifungal treatment was started 
for neutropenic fever. Ill-defi ned pulmonary nodules were detected on day 7. Due to marrow recov-
ery on day 13, the volume of lung infi ltrates reached its maximum. Under continued antifungal 
treatment, the halo slowly disappeared and a central cavitation developed (day 33). The lesions 
shrinked signifi cantly until day 108       
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well as of infi ltrates from noninfectious diseases have been reviewed in detail [ 35 ]. 
The typical appearance of pulmonary infi ltrates from fungal origin are as follows:

 Early phase of fungal 
pneumonia: 

 Ill-defi ned nodules (Figs.  7.3 ,  7.5  and  7.8 ) [ 33 ] in 
combination with the   Halo sign (Figs.  7.5  and  7.8 ) [ 33 ], 
which is nonspecifi c 

 Late phase:  Air-crescent sign [ 36 ] 

 Cavitation (Fig.  7.8 ) 

a

c d

b

  Fig. 7.6    The small ill-defi ned nodule in the right upper lobe ( c ) of this 34-year-old neutropenic 
AML patient was even retrospectively not visible on conventional chest x-ray done at the same day 
( a ,  b ). Amphotericin B treatment was started due to suspicion of fungal pneumonia; however, the 
nodule size increased during hematopoietic reconstitution 2 weeks later ( d ). In preparation of bone 
marrow transplantation, the lesion was surgically resected and  Aspergillus  pneumonia was 
verifi ed       
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   For use in the context of clinical and epidemiological research in neutropenic 
patients, standards for the interpretation of radiological fi ndings in invasive fun-
gal infections have been elaborated [ 10 ,  51 ]; newly emerged “typical” CT pat-
terns (dense, well-circumscribed lesions with or without a halo sign, air-crescent 
sign) are classifi ed as a clinical criterion for fungal pneumonia Figs.  7.5  and  7.8 . 
The halo sign, fi rst described in 1984 [ 49 ,  50 ], is nonspecifi c [ 33 ] and not a neces-
sary part of the updated defi nitions [ 51 ]. A nonspecifi c infi ltrate, rated as a minor 
criterion in the fi rst version [ 10 ], was abandoned in the update [ 51 ]. In a later 
workup of a pharmaceutical trial investigating response rates to antifungal treat-
ment, the evidence of the halo sign was associated with an improved response 
rate (52 % vs. 29 %;  p  < 0.001), as well as a higher 3-month survival rate (71 % 
vs. 53 %;  p  < 0.01) [ 52 ]. This large ( n  = 235) antemortem trial suffers, however, 
from systemic limitations like investigation of halo which was part of inclusion 
criteria and technical insuffi ciencies like usage of thick-section CT instead of 
appropriate thin-section CT and evaluation of hardcopies instead of monitor 
reading [ 52 ]. Histopathological workup of lung biopsies verifi ed fungal pneumo-
nia in 56 % of cases in another study [ 37 ]. Relevant differential diagnoses for the 
halo sign, such as cryptogenic organizing pneumonia (COP, formerly known as 
bronchiolitis obliterans organizing pneumonia, BOOP), pulmonary hemorrhage, 
pulmonary manifestation of the underlying malignancy, lung cancer, and non-
fungal infections (CMV, tuberculosis, abscesses (Fig.  7.7 ), etc.) or  Candida  
(Fig.  7.8 ), have to be considered [ 37 ]. 

 Thus, diagnostic clarifi cation will frequently be necessary, particularly when 
antifungal treatment is not successful. 

  Fig. 7.7    Non-fungal lung 
infi ltrate: ill-defi ned nodules 
with cavitation on CT scans 
done due to repeated febrile 
episodes. They appeared like 
fungal pneumonia and were 
not visible on baseline CT. 
After removal of a central 
venous port system, both the 
pulmonary lesions as well as 
the febrile episodes, 
disappeared       
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 Air-crescent sign and cavitation occur with hematopoietic reconstitution during 
the late phase of fungal infection (Fig.  7.8 ) [ 36 ]. Both radiological signs are known 
to be associated with a favorable prognosis. However, the specifi cities of these fi nd-
ings are limited, and relevant differential diagnoses have to be considered (Fig.  7.7 ) 
[ 37 ]. There are other useful patterns for the identifi cation of fungal pneumonia, e.g., 

   Table 7.1    Clinical and radiological appearance for various infectious and noninfections lung 
abnormalities in neutropenic hosts and after allogeneic stem cell transplantation   

 Diagnosis  Clinical setting  Radiological appearance 

 Infection 
bacterial 

 Early phase neutropenia  Consolidation, bronchopneumonia positive 
pneumobronchogram, GGO 

    Fungal  Long-term neutropenia 
(>10 days) 

 Halo = ill-defi ned nodules (early phase) 

 Consolidations negative 
pneumobronchogram 

 Air-crescent sign/cavitation (late phase) 

    Pneumocystis  Allogeneic transplantation  GGO, spared-out subpleural space 

 Intralobular septae (late phase) 

    Tuberculosis  Each  Small ill-defi ned nodules/cavitations, tree in 
bud, homogeneous consolidation 

    Viral  Transplant history in graft or 
host 

 GGO – mosaic pattern 

 Graft versus 
host 

 Allogeneic transplantation  GGO – mosaic pattern 

 Intralobular septae become visible 

 Tree in bud 

 Air-trapping (expiratory CT) 

 Radiation 
toxicity 

 Total body irradiation  GGO – paramediastinal distribution, also 
after TBI 

 Intralobular septae become visible 

 Drug toxicity  Bleomycin, methotrexate, 
high-dose cytarabine, 
carmustine, etc. 

 GGO – mosaic pattern 

 Intralobular septae become visible 

 Peripheral consolidations of secondary 
lobule 

 Traction bronchiectasis 

 Pulmonary 
congestion 

 Extensive hydration, renal 
impairment, hypoproteinosis 

 GGO 

 Interlobular septae become visible 

 Leukemic 
infi ltration 

 Pulmonary involvement  Thickening bronchovascular bundles 
thickening 

 Interlobular septae become visible 

 GGO 

 Pulmonary 
hemorrhage 

 Thrombocytopenia, 
post- interventional, 
hemoptysis 

 GGO – sedimentation phenomenon 

   GGO  ground-glass opacifi cation,  TBI  total body irradiation  
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distribution along the bronchovascular bundle resulting in the feeding vessel sign 
with an angiotrophic location. 

 The ongoing development of antifungal therapy may have an important impact 
on the radiological appearance of fungal pneumonia. Thus, in the near future radi-
ologists will not only be confronted with the question for “breakthrough fungal 
pneumonia,” but also for fungal pneumonia caused by non- Aspergillus  pathogens.  

7.3.3      Pneumocystis jiroveci  Pneumonia (PcP) 

  Pneumocystis jiroveci  pneumonia (PcP) [ 38 ] is a typical fi nding in hematological 
patients affected by severe cellular (T-cell) immunosuppression and those with 
graft-versus-host disease after aSCT, if they are not protected by effective che-
moprophylaxis [ 8 ]. Despite standard trimethoprim-sulfamethoxazole prophy-
laxis, 8 % of the patients develop PcP, while among patients without prophylaxis, 
the incidence may reach 29 % [ 8 ]. Up to 15 % of these patients will have a fatal 
outcome [ 8 ]. 

 CT provides a valuable characterization for PcP [ 6 ,  7 ,  18 ,  33 ] and is a reliable 
method for discriminating it from other infectious processes [ 33 ,  39 ]. A combination 

day 1 day 6 day 11

day 19 day 35 day 35

a

d e f

b c

  Fig. 7.8    Bilateral ill-defi ned nodules prompted the suspect of a fungal infection which was treated 
accordingly.  Candida  spp. were isolated from blood culture. Due to increasing liver enzymes, 
contrast-enhanced CT scan of the liver was ordered. Biopsy from the detected lesions confi rmed 
 Candida  spp.       
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of ground-glass opacities and intralobular septae sparing out the subpleural space 
(i.e., perihilar distribution) is very typical for PcP (Fig.  7.9 ) [ 33 ,  39 ,  40 ].

7.3.4        Lung Tuberculosis 

 Tuberculosis (TB) has to be considered as a rare but relevant differential diagnosis. 
In immunocompromised hosts, TB appears different compared to immunocompetent 
hosts (e.g., gangliopulmonary (primary) forms) [ 41 ]. More widespread lymphogenic 
and hematogenous dissemination can occur, and therefore, the clinical course might 
be fulminant [ 41 ,  42 ]. On the other hand, TB might mimic or come along with other 
infections like pulmonary aspergillosis or systemic candidiasis [ 42 ]. 

  Fig. 7.9    Bilateral pneumonia caused by  Pneumocystis jiroveci  at different stages of immunosup-
pression. The subpleural space is typically spared out. Diffuse ground-glass opacifi cation appears 
typically in the early phase of infection ( a ), while consolidations appear during a fulminant course 
( b ). The predominance of intralobular linear patterns becomes visible during a later stage of PcP 
and under antimicrobial treatment ( c )       

a

c

b 
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 In immunocompromised hosts a segmental bronchial spread (resulting in a “tree-
in- bud” sign) of small, sometimes, cavitated ill-defi ned nodules can be obtained as 
well as a miliar distribution [ 41 ,  42 ]. Gangliopulmonary (primary) forms, however, 
present with nonhomogenous consolidation and necrotizing mediastinal or hilar 
lymphadenopathy [ 41 ].  

7.3.5     Viral Pneumonia 

 Interstitial pneumonia caused by viral infection may occur primarily in aSCT recipi-
ents but also in neutropenic and T-cell-immunosuppressed patients. Mortality rate may 
be up to 50 %. Most frequently, cytomegalovirus (CMV) is suspected; however, other 
herpesviruses, infl uenza, parainfl uenza, adenovirus, or respiratory syncytial (RSV) 
viruses have to be considered as well. There are no specifi c radiological patterns avail-
able to differentiate various forms of viral pneumonia. However, confi rming the suspi-
cion of a viral pneumonia may be a clinically useful information, since effective drugs 
are available for some of these viruses. The typical appearance of viral pneumonia in 
the early stage is ground-glass opacifi cation [ 33 ] and a mosaic pattern with affected 
and non-affected secondary lobules lying adjacent to one another (Fig.  7.10 ).

7.3.6        Noninfectious Pulmonary Lesions 

 Certain noninfectious diseases have to be considered in hematological patients: 
graft-versus-host disease (GVHD), radiation or drug toxicity, pulmonary conges-
tion, bleeding, or progressive underlying malignancy. Fever, dyspnea, or clinical 
chemistry fi ndings (c-reactive protein, elevation of liver function tests) might be 

a b

  Fig. 7.10    Bilateral ground-glass opacifi cation and mosaic pattern in both patients. However, 
pneumonia in patient A is caused by cytomegalovirus ( CMV ), and patient B by respiratory syncy-
tial virus ( RSV ). Note the mosaic pattern resulting from affected and non-affected secondary lob-
ules lying adjacent to one another       
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caused by some of these processes and obscure the differentiation from infection. 
CT may help to detect and discriminate these diseases [ 6 ,  7 ,  18 ,  32 ].  

7.3.7     Graft-Versus-Host Disease 

 Pulmonary manifestation of chronic GVHD occurs in approximately 10 % of 
patients after allogeneic hematopoietic stem cell transplantation (Fig.  7.11 ) [ 43 ]. 
Bronchiolitis obliterans is the pulmonary manifestation of this rejection [ 28 ]. The 
radiological appearance is similar to viral pneumonia, and clinical appearance and 
time point for both diseases are often similar (Fig.  7.11 ).

   Ground-glass opacifi cation and mosaic pattern, as well as signs of bronchiolitis 
obliterans such as air-trapping [ 24 ,  28 ] and bronchus wall thickening, occur during 
the early stage of pulmonary GVHD (Fig.  7.11 ), whereas intralobular septae and 
tree-in-bud sign follow in later stages [ 7 ,  43 ,  44 ].  

7.3.8     Radiation Toxicity 

 An incidence of 5–25 % pulmonary radiogenic toxicity even after total body irradia-
tion (TBI) applied for conditioning prior to stem cell transplantation is reported 

  Fig. 7.11    A 28-year-old male after allogeneic retransplantation. HRCT was performed due to 
fever, cough, and dyspnea. Peripheral intralobular septae ( arrow ) and ground-glass opacifi cation 
were seen on day 91 posttransplant. Tree-in-bud pattern ( arrowhead ) points at bronchiolitis oblit-
erans. Acute GVHD was diagnosed from transbronchial biopsy. Under appropriate immunosup-
pression, clinical symptoms and radiological signs disappeared. Note the similarity to Fig.  7.13        
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  Fig. 7.12    Three weeks after radiation therapy for malignant spine destruction, this patient suf-
fered from fever and dyspnea. Perihilar infi ltrates appeared suddenly. Intralobular septae, consoli-
dation, and ground-glass opacifi cation were visible on HRCT. Especially the paramediastinal 
distribution of the infi ltrates led to the differential diagnosis of radiation pneumonitis. After failure 
of antibiotic treatment, steroids were applied, resulting in improvement of symptoms and reduc-
tion of infi ltrates       

[ 45 ]. It emerges approximately 3 weeks after exposure but can also occur several 
months later [ 44 ,  45 ]. 

 On CT scans, radiation-induced toxicity is characterized by ground-glass opaci-
ties with transition to consolidations (Fig.  7.12 ) [ 44 ,  45 ]. The key fi nding is the limi-
tation of these patterns to the exposed parenchyma. For TBI, lungs are shielded, 
while paramediastinal and apical lung parenchyma is affected from radiation. Of 
note, demarcation of initially exposed from nonexposed lung parenchyma is blurred 
frequently due to deformation of lung parenchyma and to bridle.

7.3.9        Drug Toxicity 

 Chemotherapy protocols may lead to pulmonary toxicity. Some of the frequently 
used agents are bleomycin, high-dose methotrexate (MTX) or cytarabine (Ara-C), 
or carmustine (BCNU) (Fig.  7.13 ) [ 46 ]. Radiologists should be informed of previ-
ous exposure of patients to these agents when evaluating CT scans for pulmonary 
abnormalities.

 

C.P. Heussel



129

   The term “drug-induced pneumonitis” includes mainly nonspecifi c interstitial 
pneumonia (NSIP) and cryptogenic organizing pneumonia (COP, formerly known 
as bronchiolitis obliterans organizing pneumonia, BOOP) [ 46 ]. The CT appearance 
of NSIP consists of ground-glass opacities with transition to consolidations, intra-
lobular septae, traction bronchiectasis, air-trapping, and in a later phase the nonspe-
cifi c “crazy-paving” pattern [ 44 ,  46 ]. This is quite similar to radiation toxicity but 
without being limited to the radiation fi eld.  

7.3.10     Pulmonary Congestion 

 Dyspnea and infi ltration are frequent in patients suffering from pulmonary conges-
tion. Extensive hydration for renal protection during chemotherapy or to overcome 
renal impairment may cause pulmonary congestion also in younger patients. It is 
one of the most frequent disorders in patients undergoing intensive care. 

 At CXR, pulmonary congestion might be combined with infi ltration. CT shows 
thickening of lymphatic vessels, corresponding to classical “Kerley lines” on con-
ventional chest radiographs (Fig.  7.14 ).

7.3.11        Leukemic Infiltrates 

 Leukemic pulmonary infi ltration is a less common clinical fi nding. Especially the 
perilymphatic pulmonary interstitium is involved [ 47 ]. This can be visualized on CT 
scans as thickening of bronchovascular bundles and interlobular septae. Besides 

  Fig. 7.13    A 40-year-old 
male who received 
chemotherapy including 
bleomycin for testicular 
cancer and had fever, cough, 
and dyspnea. CT revealed 
peripheral intralobular septae 
and ground-glass opacifi ca-
tion ( a ). Bleomycin toxicity 
was suspected and histologi-
cally confi rmed. Symptoms 
disappeared and fi ndings 
decreased after application 
of steroids. Note the 
similarity to Fig.  7.11        
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this, non-lobular and non-segmental ground-glass opacifi cations can be seen [ 32 ]. 
This pattern arrangement might mimic pulmonary congestion (Fig.  7.14 ).

7.3.12        Pulmonary Hemorrhage 

 In pancytopenia, pulmonary bleeding may occur spontaneously, secondary to inva-
sive infections, after interventions (e.g., bronchoscopy and BAL), or during marrow 
recovery particularly in patients with fungal pneumonia [ 27 ]. 

 Pulmonary bleeding might cause a focal or diffuse pattern, and the phenomenon 
of sedimentation within the secondary lobules can sometimes be depicted for few 
days (Fig.  7.15 ).   

7.4     Extrapulmonary Focus 

7.4.1     Liver and Spleen 

 Suspicious clinical symptoms or unexplained laboratory fi ndings may suggest an 
involvement of the liver and spleen [ 13 ], particularly secondary to fungemia [ 54 ]. 
In addition to candidiasis, also mycobacteriosis, bacterial granulomatous hepati-
tis, viral hepatitis, and noninfectious organ involvement such as drug-related hep-
atotoxicity, GVHD, veno-occlusive disease (VOD), or relapse of the underlying 
disease have to be considered [ 12 ].  

  Fig. 7.14    Thickening of the 
intralobular septae resulting 
from fl uid overload in 
lymphatic vessels       
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7.4.2     Gastrointestinal 

 Due to its microbial fl ora and the chemotherapy-induced mucosal injury, the gastro-
intestinal tract is particularly exposed to infection. However, without any history of 
surgical intervention, gastrointestinal involvement is rare. The main affections of 
the gastrointestinal tract, such as CMV colitis, pseudomembranous enterocolitis, 
enterocolitis in the context of rejection (GVHD), appendicitis, and diverticulitis, 
can be seen in CT as bowel wall thickening even without intravenous contrast after 
adequate oral, rectal contrast application [ 55 ].  

7.4.3     Brain 

 Cerebral infection is a rare complication of myelosuppressive chemotherapy. It is 
more likely in the aSCT setting than after conventional chemotherapy [ 2 ]. Besides 
infectious diseases (e.g., herpesvirus group, toxoplasmosis, aspergillosis, mucor-
mycosis, listeriosis), diagnoses such as bleeding, ischemia, drug toxicity (cyclospo-
rine, ribavirin, voriconazole, etc.), and electrolyte disorders have to be taken into 
consideration. CT is helpful in emergency situations, while MRI is the method of 
choice in brain imaging in terms of sensitivity and specifi city for detection and 
characterization of brain abnormalities [ 12 ].     

  Fig. 7.15    The bilateral 
ground-glass opacifi cation 
has an anterior-to-posterior 
gradient (1) over the whole 
lung and (2) within certain 
secondary lobules. This 
gravity-dependent sedimen-
tation phenomenon can also 
occur temporarily and may 
be localized, e.g., after 
bronchoscopy and BAL       
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7.4.4     Paranasal Sinuses 

 Since the sinuses are part of the respiratory tract, there is a coincidence of pneumo-
nia [ 56 ]. Since the risk for sinusitis is up to 30 % in allogeneic stem cell transplant 
recipients, paranasal sinuses are often screened by CT prior to transplantation [ 57 ]. 
Bone erosion and orbital or brain invasion are classifi ed by the 2008 EORTC guide-
line as clinical criteria for probable invasive fungal disease [ 51 ].         
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      Risk Stratification in Febrile Neutropenic 
Patients 

             Marianne     Paesmans    

8.1            Introduction 

 Febrile neutropenia (FN) is a common complication of antineoplastic chemother-
apy especially in patients with hematologic malignancies. It can be associated with 
substantial morbidity and some mortality. Febrile neutropenic patients, however, 
represent a heterogenous group, and not all patients have the same risk of develop-
ing FN and/or related complications. A recent study [ 32 ] looked at potential factors 
predicting the occurrence of FN in 266 patients who received 1,017 cycles of che-
motherapy. Rates of FN following the administration of a unique cycle of chemo-
therapy ranged from 20 % for patients with lymphoma or Hodgkin’s disease to 
25 % in myeloma, to more than 80 % in patients with chronic myeloid leukemia. 
Using patients with myeloma as reference, univariate odds ratios for the develop-
ment of febrile neutropenia were 8.87 for acute myeloid leukemia and 12.11 for 
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chronic myeloid leukemia. The overall risk of developing at least one febrile neutro-
penic episode has been reported to be >80 % in patients with hematologic malignan-
cies [ 25 ]. A febrile neutropenic episode represents a serious and potentially lethal 
event, with an associated mortality of ~ 5 %. Although patients with hematologic 
malignancy are at higher risk of FN development, they do not appear to be at higher 
risk for death during the course of a febrile neutropenic episode, compared to 
patients with solid tumors as shown in a descriptive study by Klastersky et al. [ 27 ]: 
64/1,223 episodes in patients with hematologic malignancy (5.2 %) versus 42/919 
(4.6 %) in patients with solid tumors. However, aside from the risk of mortality, FN 
also causes serious medical complications and increased morbidity, which generate 
increased treatment-related costs and reduce the patients’ quality of life [ 29 ,  52 ]. 

 Preventing febrile neutropenia is a worthwhile goal. Colony-stimulating fac-
tors do shorten the duration of neutropenia, especially in patients with solid 
tumors [ 7 ]. Nevertheless, various guidelines (ASCO, EORTC) recommend their 
use only if the risk of febrile neutropenia exceeds 20 % [ 1 ,  43 ], in order to make 
this strategy cost- effective. This level of risk remains diffi cult to assess or pre-
dict. Additionally, the role of growth factors in patients with hematologic malig-
nancies continues to be debated [ 31 ]. Another preventive strategy is to administer 
prophylactic antibiotics during periods of increased risk, but this strategy is asso-
ciated with the emergence of resistant pathogens [ 50 ]. However, at least in 
patients with hematologic malignancies, neutropenic following chemotherapy 
administration, and afebrile, it reduces infection-related mortality and even all 
causes mortality as shown by meta- analyses [ 14 ,  30 ]. In the Gafter-Gvili meta-
analysis, the relative risk for all-cause mortality is estimated to be 0.66 (95 % CI: 
0.55–0.79). As all causes mortality is impacted, the benefi t of prophylaxis likely 
outweighs the harm although only half of the studies were evaluable for the mor-
tality outcome. 

 Standard management of FN patients includes hospital-based supportive care 
and the prompt administration of parenteral, broad-spectrum, empiric antibiot-
ics. Although successful, this approach has some drawbacks (e.g., unnecessary 
hospitalization for some patients, exposure to resistant hospital microfl ora, 
increased costs), and may not be necessary in all FN patients. As previously 
stated, febrile neutropenic patients constitute a heterogeneous population, with 
a complication rate of approximately 15 % (95 % confi dence interval: 12–17 %) 
in unselected patients [ 24 ]. In other words, 85 % of febrile episodes in neutro-
penic patients resolve without any complications if adequately treated with 
early initiation of empiric antibiotic therapy and appropriate follow-up and 
treatment modifi cation, if necessary. Response rates may be even higher and the 
frequency of complications lower, in selected subgroups of FN patients. This 
knowledge has led investigators to try to identify more homogenous patient 
populations in terms of the risk of development of complications and to model 
the probability of complication development in them. The purpose of this chap-
ter is to describe currently available risk stratifi cation models and their predic-
tive characteristics.  

M. Paesmans



139

8.2     Risk Stratification 

 When attempting risk stratifi cation, it is important to defi ne the outcome one wants 
to study or predict. The following outcomes may be considered: response to the 
initial empiric antibiotic regimen, the development of bacteremia or serious medical 
complications before resolution of fever and neutropenia, and mortality related to 
the FN episode. Response to empiric antibiotic treatment has been a useful endpoint 
for most randomized clinical trials [ 6 ]. Although it is a fair indicator of the activity 
of a particular drug or regimen, the requirement for antibiotic change does not nec-
essarily imply clinical deterioration and should not be used as a marker of worsen-
ing in risk prediction models. The same argument applies to bacteremic status, i.e., 
bacteremia does not necessarily represent increased clinical risk, at least in adult 
patients [ 27 ]. Death resulting from the febrile neutropenic episode is the most rele-
vant endpoint. Fortunately, it is an uncommon event, making it diffi cult to conduct 
studies suffi ciently powered to model for the probability of death. Consequently, the 
occurrence of serious medical complications appears to be the only feasible end-
point for risk assessment. It does have high clinical relevance as highlighted in a 
discussion of risk assessment [ 22 ]. 

 Before developing a risk stratifi cation rule, it is important to think about the 
future application of the rule and about the patient subgroup one wants to identify. 
Is it more meaningful to identify low-risk patients or high-risk patients? Is a binary 
rule satisfactory? Or does one need to be more subtle? Even, if one models the prob-
ability of the development of serious medical complications and gets a “continuous” 
prediction rule, the use one wants to make of the predicted probability will guide the 
choice of the threshold for defi ning low-risk, intermediate risk, or high-risk. Indeed, 
in clinical practice, an infectious diseases specialist needing to decide how he will 
treat a specifi c patient does not care about a “continuous” prediction but wants to 
have a tool that will help him to opt for a specifi c therapeutic choice. Up to now, 
most of the studies done on risk stratifi cation for FN in adults and children have 
focused on the identifi cation of low-risk patients with the subsequent goal of sim-
plifying therapy for these patients.  

8.3     Risk Stratification Methods 

8.3.1     Clinical Approach 

 This method relies on empirically combining a set of predictive factors published in 
the literature and/or chosen on the basis of clinical expertise, without formally ana-
lyzing the interaction between them. This was the most frequently adopted method-
ology for the clinical trials which tested oral antibiotic regimens in hospitalized 
patients considered to be at low-risk [ 12 ,  21 ,  51 ]. The University of Texas, MD 
Anderson Cancer Center, has played a pioneering role in delineating the clinical 
criteria for identifying patients at low-risk for the development of complications and 
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therefore eligible for simplifi ed therapy. Investigators at this institution were among 
the fi rst to show that low-risk patients could be safely managed as outpatients 
[ 38 ,  41 ]. This “clinical” approach has the advantage that the defi nition of low-risk 
is fl exible and may be changed depending on the context of use and on the results of 
new studies. It is probably more applicable in busy clinical practices but is consid-
ered less scientifi cally stringent when one is trying to conduct multicenter clinical 
trials (due to transportability and generalizability issues). Because of the fl exible 
nature of clinical criteria, it is very diffi cult to accurately determine the sensitivity, 
specifi city, and positive and negative predictive values of this approach. The clinical 
factors considered to delineate low-risk include hemodynamic stability/absence of 
hypotension, no altered mental status, no respiratory failure, no renal failure, no 
hepatic dysfunction, good clinical condition, short expected duration of neutrope-
nia, no acute leukemia, no marrow/stem cell transplant, absence of chills, no abnor-
mal chest X-ray, no cellulitis or signs of focal infection, no catheter-related infection, 
and no need for intravenous supportive therapy [ 12 ,  19 ,  21 ,  28 ,  33 ,  51 ]. Of note, the 
fi rst models excluded most patients with hematologic malignancy (direct exclusion 
of patients with acute leukemia or indirect exclusion through the criterion requiring 
the expected duration of neutropenia to be short).  

8.3.2     Modeling Approach 

 The second approach has been used to derive risk prediction models by integrating 
several factors in a unique way and taking into account their independent value and 
their interactions. This is a more systematic way of constructing prediction models, 
and their diagnostic characteristics can be studied and optimized depending on the 
future use of the model. Before being suitable for clinical practice, they need to be 
tested in distinct patients populations in order to ensure that they are well calibrated 
(predicted outcomes have to match observed outcomes) and transportable to other 
settings (other institutions, other underlying tumors, or other antineoplastic ther-
apy). Their discriminant ability needs to be monitored regularly. The advantages of 
this approach are numerous: the assessment of low-risk as well as the defi nition of 
the outcome to be predicted is standardized and more objective; the classifi cations 
have known properties; the models can be constructed in a parsimonious way with 
the use of independent predictive factors making them robust when used in other 
settings. However, the development process may take years, and the need for valida-
tion should not be underestimated since the context of use has to be considered 
before introducing them in clinical practice.  

8.3.3     Validated Models 

 To date, two scoring systems have been developed and validated in adult patients, 
both using a similarly defi ned endpoint, i.e., the occurrence of serious medical com-
plications (Table  8.1 ). The defi nition may appear somewhat arbitrary but has the 
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merit of having been clearly formulated. Deviations from this defi nition have been 
observed in validation series especially when the risk models were used for select-
ing patients for outpatient treatment. In that setting, it is logical to consider that 
hospitalization is an event to be avoided although hospitalization is not necessarily 
a serious medical complication. These adaptations have been used in the studies 
conducted by Kern et al. [ 23 ] and Klastersky et al. [ 26 ].

8.3.3.1       The Talcott Model 
 Talcott and colleagues were the fi rst to propose risk-based subsets in patients with 
chemotherapy-induced FN. Patients were classifi ed into four groups (Table  8.2 ). 
Groups 1, 2, and 3 (all hospitalized patients) were not considered to be low-risk. 
However, patients in group IV (with controlled cancer and without medical comor-
bidity, who developed their febrile episode outside the hospital) were considered to 
be at low-risk [ 44 ]. The construction of the groups was done using clinical argu-
ments and expertise and was initially tested in a retrospective series of 261 patients 
from a single institution. It was then validated in a prospective series of 444 epi-
sodes of FN at two institutions [ 45 ]. The model was constructed without distin-
guishing patients with solid tumors or hematologic malignancy although the 
defi nition of controlled cancer was different for patients with leukemia (complete 
response on the last examination) than for patients with solid tumor (initiation of 
treatment or absence of documentation of progression). The validation series 
included 24 % of patients with non-Hodgkin’s lymphoma and 17 % of patients with 

   Table 8.1    Serious medical complications as defi ned in Talcott et al. [ 44 ]   

 Hypotension (defi ned as systolic blood pressure <90 mmHg or the need for pressor support to 
maintain blood pressure) 

 Respiratory failure (defi ned as arterial oxygen pressure less than 60 mmHg while breathing 
room air or need for mechanical ventilation) 

 Intensive care unit admission 

 Disseminated intravascular coagulation 

 Confusion or altered mental state 

 Congestive cardiac failure seen on chest X-ray and requiring treatment 

 Bleeding severe enough to require transfusion 

 Arrhythmia or ECG changes requiring treatment 

 Renal failure requiring investigation and/or treatment with intravenous fl uids, dialysis, or any 
other intervention 

 Other complications judged serious and clinically signifi cant by the investigator 

   Table 8.2    The Talcott classifi cation [ 44 ]   

 Group I  Inpatients (at the time of fever onset) 

 Group II  Outpatients with acute comorbidity requiring hospitalization 

 Group III  Outpatients without comorbidity but with uncontrolled cancer 

 Group IV  Outpatients with controlled cancer and without comorbidity 

  Group IV is considered to be the low-risk group  
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acute myeloid leukemia. The diagnostic characteristics of the model were not strati-
fi ed by underlying disease. The ultimate goal of the model was to identify low-risk 
patients, and groups I to III were never defi ned in order to further refi ne risk strati-
fi cation. The model was further applied in a randomized trial [ 46 ] that aimed to 
assess whether outpatient management of predicted low-risk patients increases the 
risk of medical event. Patients with fever and neutropenia persisting after 24 h inpa-
tient observation were randomized between continued inpatient care and early dis-
charge without changing the antibiotic regimen unless medically required. The 
study was initially designed to detect an increase from 4 to 8 % in medical compli-
cation rate and then revised to detect an increase from 4 to 10 % with a planned 
sample size of 448 episodes. Stopped early due to poor accrual in 2000, the study 
was published with 66 episodes randomized in the hospital care arm and 47 epi-
sodes in the early discharge arm [ 46 ]. Although the study is underpowered, the 
authors concluded to no evidence of adverse medical consequences of the home arm 
(9 % complications rate versus 8 % and a 95 % confi dence interval for the difference 
from −10 to 13 %). Having included only predicted low-risk patients, the study can-
not be viewed as a full validation one, and we also can wonder why the study 
hypothesis was the inferiority of the experimental arm.

8.3.3.2        The MASCC Risk Index 
 The second model was developed as the result of an international prospective study 
conducted by the Multinational Association for Supportive Care in Cancer 
(MASCC) [ 24 ]. The original design of the study included a validation part. Before 
carrying out any data analysis, study subjects were split into a derivation set ( n  = 756 
episodes) and a validation set ( n  = 383). The score derived from the fi rst set was 
obtained after multivariate logistic regression. A numeric risk index score, the so- 
called MASCC score, was constructed by attributing weights to seven independent 
factors shown to be associated with a high probability of favorable outcome. This 
score is presented in Table  8.3 . It ranges from 0 to 26, with a score of 21 or more 

  Table. 8.3    The MASCC risk 
index [ 24 ]  

 Characteristic  Weight 

 Burden of illness (i.e., febrile neutropenia) 

  No or mild symptoms  5 

  Moderate symptoms  3 

 No hypotension  5 

 No chronic obstructive pulmonary disease  4 

 Solid tumor or no previous fungal infection  4 

 No dehydration  3 

 Outpatient status  3 

 Age <60 years  2 

  The score is obtained by summing up the different weights (the 
weights for burden of illness are not cumulative) and ranges from 0 
to 26. Patients with a score ≥21 are considered at low-risk  
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defi ned as being predictive of low-risk for the development of complications. This 
threshold was chosen from the derivation set, using a complication rate of 5 %, as a 
compromise between positive predictive value and sensitivity of the prediction rule. 
Similar to the Talcott model, the intended purpose of this model was to identify 
patients at suffi ciently low-risk for the development of serious complications. The 
targeted positive predictive value of the score (i.e., the rate of patients without seri-
ous medical complication predicted by the rule) decreased, as expected, from 95 to 
93 %, on the validation set. The characteristics of both models, based on the valida-
tion set are shown in Table  8.4 . The MASCC study provides further validation of the 
Talcott classifi cation in a multicentric setting. Comparing the characteristics of the 
prediction rules, the MASCC score did improve upon the sensitivity and the overall 
misclassifi cation rate of the Talcott scheme. On the other hand, the positive predic-
tive value might be considered suboptimal, at least when the threshold of 21 is used. 
Increasing the threshold might increase the positive predictive value but will also 
reduce the sensitivity of the model. In the Talcott model, the underlying disease 
particularly the presence of a solid tumor or hematologic malignancy impacted on 
the degree of risk only in the form of an interaction with the existence of a previous 
fungal infection or suspected fungal infection. The underlying disease was a predic-
tive factor on univariate analysis, but was not subsequently identifi ed as an indepen-
dent risk predictive factor.

8.3.3.3         Independent Validation of the MASCC Score 
 Due to its immediate validation as planned in the study protocol, its increased sen-
sitivity compared to the Talcott scheme, and its acceptable positive predictive value, 
the MASCC score has been proposed as a useful tool for predicting low-risk febrile 
neutropenia in the IDSA guidelines since 2002 [ 13 ,  18 ]. 

 It has also been the subject of several independent validation studies. The pri-
mary objective of one of these studies was to attempt to improve the MASCC score 
through the estimation of the further duration of neutropenia. Indeed, expected fur-
ther neutropenia duration, if correlated with the underlying tumor, could be the true 
factor underlying a higher risk for patients with hematologic malignancies than for 
patients with solid tumors. However, it is diffi cult to assess at presentation. A mul-
ticentric study was therefore conducted with detailed data collection about chemo-
therapy. This study [ 35 ] included 1,003 febrile episodes selected in 1,003 patients 
from 10 participating institutions. Among them, 546 had hematologic malignancy 
including 246 with acute leukemia. A model predicting further neutropenia duration 

   Table. 8.4    Characteristics of the clinical prediction rules derived from the Talcott and MASCC 
classifi cations: validation set from Klastersky et al. [ 24 ] ( n  = 383 patients)   

 Group  Sensitivity  Specifi city  PPV  NPV  Miscellaneous 

 Talcott’s group IV  0.30  0.90  0.93  0.23  0.59 

 MASCC ≥21  0.71  0.68  0.91  0.36  0.30 

  The characteristics were calculated for a test aiming to identify low-risk patients 
  PPV  positive predictive value,  NPV  negative predictive value  
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as a binary status (long versus short duration) was developed. Almost all leukemic 
patients were predicted to have a long duration, and all patients with solid tumors 
were predicted to have a short duration of neutropenia, but the model was unable to 
split the patients with hematologic malignancies other than leukemia into subgroups 
with short or long predicted duration. Unfortunately, the addition of this covariate 
did not result in a risk prediction model more satisfactory than the one obtained with 
the MASCC risk index. 

 Table  8.5  summarizes the results of the independent series attempting to validate 
the MASCC score for identifying low-risk patients. Although some of the series are 
small, they all show positive predictive values that are above 85 %, except one study 
[ 8 ] not reported in the table. This study used a very different defi nition of complica-
tions which included a change in the empiric antibiotic regimen. Consequently, the 
reported rate of complications is huge (62 %), and this paper cannot be considered 
to be a true validation of the MASCC score. Looking at the data summarized in 
Table  8.5 , one can observe that when the proportion of patients with hematologic 
malignancies increases, the positive predictive value decreases, suggesting that the 
score should be used with greater caution in patients with hematologic malignan-
cies. One could also consider increasing the threshold for defi ning low-risk in order 
to increase the positive predictive value, albeit at the price of decreased sensitivity. 
Table  8.6  shows how the diagnostic characteristics may evolve with changes in 
threshold Table     8.7 .

     Numerous studies [ 4 ,  5 ,  20 ,  23 ,  26 ,  39 ,  40 ,  42 ] have used the MASCC score for 
selecting low-risk patients in order to simplify therapy, with suggested benefi ts such 
as improved quality of life for patients and their families. Some recently published 
studies confi rm as it was hypothesized that costs are decreased [ 9 ,  16 ,  47 ]. The vari-
ous therapeutic options for low-risk patients are beyond the scope of this chapter. 
Nevertheless, it needs to be stressed that prediction of low-risk and the suitability for 
either oral treatment (one of the approaches for simplifying treatment) or outpatient 

    Table 8.5    Characteristics of the MASCC clinical prediction rule in independent series   

 Reference 
  N  
episodes 

 Hematologic 
patients 

 Predicted 
at low-risk  Se  Sp  PPV  NPV 

 Paesmans [ 35 ]  1,003  55 %  72 %  79 %  56 %  88 %  40 % 

 Stratum of 
hematologic tumors 

 549  100 %  70 %  77 %  51 %  84 %  40 % 

 Stratum of solid 
tumor patients 

 454  0 %  74 %  81 %  64 %  93 %  38 % 

 Uys et al. [ 48 ]  80  30 %  73 %  95 %  95 %  98 %  86 % 

 Cherif et al. [ 5 ]  279  100 %  38 %  59 %  87 %  85 %  64 % 

 Klastersky et al. [ 26 ]  611  43 %  72 %  78 %  54 %  88 %  36 % 

 Innes et al. [ 20 ]  100  6 %  90 %  92 %  40 %  97 %  20 % 

 Baskaran et al. [ 3 ]  116  100 %  71 %  93 %  67 %  83 %  85 % 

 Hui et al. [ 17 ]  227  20 %  70 %  81 %  60 %  86 %  52 % 

  The characteristics were calculated for a test aiming to identify low-risk patients and may then 
differ from the original publications  
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treatment (the other approach for simplifying treatment) are different issues. 
Prediction of low-risk is a necessary but not exclusive condition for simplifi ed, risk- 
based therapy. This should be kept in mind [ 10 ,  11 ,  22 ,  26 ,  39 ] when designing 
studies for low-risk patients. Despite this, there are numerous recent reports show-
ing that outpatient treatment can be as successful as in-hospital treatment, even for 
some patients with hematologic malignancies [ 5 ,  15 ,  42 ].  

8.3.3.4     Predicting Intermediate or High-Risk Using the Validated 
Models 

 The Talcott model was designed to identify low-risk patients, and the classifi cation 
of high-risk patients into groups I to III had no preplanned purpose. Consequently, 
this model is unlikely to be helpful in a setting other than the identifi cation of low- 
risk patients. In the MASCC study, the probability of development of serious com-
plications has been modeled with a “continuous” range of predicted values. This 
information, however, may not be relevant to the clinician who needs to get a binary 
answer to help in therapeutic decision making. Initially, the identifi cation of low-risk 
was considered most relevant in order to facilitate research on oral antibiotic therapy 
and/or outpatient management. The threshold was set to achieve a positive predictive 
value of 95 %. A broader use of the score could be envisaged to select patients at 
intermediate or high-risk of complications. Data collected on validation series show 
that, indeed, the higher the score, the higher the probability of resolution without the 
development of serious medical complications, as depicted in Fig.  8.1  [ 34 ]. So, inter-
mediate values of the score or even the lowest values of the score may help further 
categorize patients. However, in each of the categories, the rate of complications 
never approaches 1. Therefore, a rule trying to identify patients who will develop 
complications using the available model will lack sensitivity and be unsatisfactory. 
Furthermore, the number of patients at the lowest values of the score is small, and 
studies focusing on patients at high-risk of the development of complications might 
be very diffi cult to conduct due to low accrual potential. Nevertheless, a study com-
paring a very “aggressive” therapeutic approach including the administration of 
growth factors and/or immediate treatment in an intensive care unit, versus standard 
hospital-based empiric therapy, might be very interesting.

   Table 8.6    MASCC score: characteristics of the clinical prediction rule by threshold and stratifi ed 
by underlying tumor validation study [ 35 ]   

 Threshold  Se  Sp  PPV  NPV  Misclassifi ed 

 Hematologic patients ( n  = 549) 

 21  77 %  51 %  84 %  40 %  29 % 

 22  51 %  81 %  90 %  34 %  42 % 

 24  15 %  97 %  94 %  26 %  65 % 

 Solid tumor patients ( n  = 454) 

 21  81 %  64 %  93 %  38 %  21 % 

 22  70 %  76 %  94 %  32 %  29 % 

 24  58 %  81 %  94 %  26 %  38 % 
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8.3.3.5       How to Improve Risk Prediction Models? 
 Although the MASCC score has been satisfactorily validated and reported to be 
useful for predicting low-risk in different patients populations and settings, it is far 
from optimal, with a misclassifi cation rate of 30 % and low specifi city and negative 
predictive values. Several attempts to improve the MASCC score have been made. 
As already mentioned, a multinational study [ 35 ] looked in detail at the characteris-
tics of the chemotherapeutic regimen that induced the febrile neutropenic episode 
and attempted to associate it with further duration of neutropenia. The next step 
which was to incorporate this information in risk prediction failed. 

 Utilizing the databases of the original MASCC study and the subsequent study 
that looked at duration of neutropenia, the issue of the signifi cance of bacteremic 
status was reviewed [ 36 ]. This review found that (1) after stratifi cation for the type 
of underlying cancer (hematologic malignancy versus solid tumor) and for bactere-
mic status (no bacteremia, single organism gram-negative bacteremia, single organ-
ism gram-positive bacteremia, polymicrobial bacteremia), the MASCC score had a 
predictive value in all the strata without any detectable interaction term; and (2) 
prior or early knowledge of bacteremic status, although predictive of outcome, 
would not be helpful in improving the accuracy of a clinical rule characterizing 
patients as low and high-risk. 

 Uys et al. [ 49 ] analyzed the predictive role of circulating markers of infection 
(C-reactive protein, procalcitonin, serum amyloid A, and interleukins IL-1β, IL-6, 
IL-8, IL-10) in a monocentric series of 78 febrile neutropenic episodes. Although this 
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  Fig. 8.1    Rate of serious complication or death according to MASCC score values [ 34 ]       
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study is limited by its sample size and power, their conclusion was that none of the 
markers had an independent predictive value that would improve risk prediction. 

 De Souza Viana [ 8 ] proposed adding information about complex infection status to 
the MASCC score and to exclude patients with a complex infection (defi ned as infec-
tion of major organs, sepsis, soft tissue wound infection, or oral mucositis grade >2) 
from the predicted low-risk patients. In a small series of 53 episodes (64 % of patients 
with hematologic tumor), they suggested that their model restricted the group of pre-
dicted low-risk patients from 21 to 15, but that the rate of complications was 0 instead 
of 4/21 (19 %). However, this proposal used a different defi nition of complication, 
considering that a patient with antibiotic change presented a complication although 
there is no clinical justifi cation of this defi nition. This model is therefore not compa-
rable to the other proposals and, in our opinion, less clinically meaningful. 

 In a recent study [ 37 ], the authors attempted to develop a risk model targeting high-
risk prediction in patients with hematologic malignancies. They suggested that, in this 
group of patients, progression of infection might be quicker than in patients with solid 
tumors and that a specifi c model for predicting high-risk of complications in such patients 
would be very valuable. In a monocentric study of 259 febrile neutropenic episodes (137 
patients), they constructed a score with values 0, 1, 2, or 3. One point is attributed to each 
of the following factors (measured before the administration of chemotherapy): low albu-
min level (<3.3 g/dl), low bicarbonate level (<21 mmol/l), and high CRP (≥20 mg/dl). 
The rates of complications were 7/117 (6 %), 21/71 (30 %), 24/43 (56 %), and 18/18 
(100 %) with increasing values of the score. Park and coauthors suggested that patients 
with a score ≥2 should be considered as high-risk patients. The model needs validation, 
and the characteristics of the proposed clinical prediction rule should be studied further 
before being used. It is attractive due to the fact that it is specifi c to patients with hemato-
logic malignancies and is based on very objective factors (contrary to the MASCC score 
which needs assessment of burden of FN) which are assessable even before the develop-
ment of FN (i.e., at the time chemotherapy is initiated). It can however be hypothesized 
that a high CRP level at initiation of chemotherapy is just refl ecting a nondiagnosed 
infectious disease rather than being predictive of the outcome of a future FN episode.    

    Conclusions 
 It is clear that febrile neutropenia occurs in a heterogeneous group of patients and 
that any accurate risk stratifi cation system is valuable for guiding the management 
of selected subgroups of patients. Furthermore, evidence-based data and systematic 
reviews show that oral antibiotic therapy is a safe and feasible alternative to conven-
tional intravenous therapy. The published scoring systems for predicting risk have 
been validated enough to guide the selection of patients for the administration of an 
oral regimen. At present, the MASCC risk index is probably the preferred method. 
However, there is room for improvement, specially in the prediction of low-risk in 
patients with hematologic malignancies. Further areas of research include the utility 
of rapid laboratory tests [ 22 ] and pattern recognition molecules able to activate the 
lectin pathway, such as mannose-binding lectin protein or fi colins [ 2 ]. One should 
also look at variables collected in the short-term follow-up. Indeed, the usefulness 
of reassessment of currently available scoring systems has not been studied much 
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but is probably of limited value as most of the variables included in them are not 
susceptible to change. The use of risk prediction models for selecting patients for 
ambulatory treatment is more complex, as factors other than risk have to be taken 
into account as well as local epidemiology. The recognition of intermediate or high- 
risk and the provision of aggressive therapy to these patients are a new area for 
research and need to be formally studied.     
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      Fever of Unknown Origin: Treatment 
According to Risk Assessment 

             Georg     Maschmeyer    

9.1            Infections in Patients with Neutropenia 

 Although the risk of developing fever and infection is already increased when a 
patient’s neutrophil granulocyte counts fall below 1,000 per mm 3 , counts of less 
than 500 per mm 3  have been demonstrated to be the most critical risk factor for the 
development of serious infectious complications. Expert groups of the Infectious 
Diseases Society of America (IDSA) [ 9 ], the European Conference on Infections in 
Leukaemia (ECIL), the Multinational Association for Supportive Care in Cancer 
[ 15 ], the American Society of Clinical Oncology [ 7 ], and the German Society of 
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Hematology and Oncology [ 18 ] have categorized neutropenic patients into distinct 
subgroups with different risk profi les depending upon their duration of neutropenia 
(see also the chapter by Paesmans). While a strict prospective allocation of all 
patients to distinct risk groups is not possible in clinical practice, patients with neu-
tropenia lasting for up to 7 days, who have no additional risk factors such as open 
wounds and tumor-associated obstruction of airways or bile ducts, e.g., patients 
with malignant lymphoma on standard chemotherapy, are regarded as low-risk 
patients. In contrast, patients with aggressive hematologic malignancies such as 
acute leukemias undergoing intensive chemotherapy, who have an expected dura-
tion of profound neutropenia of more than 7 days, represent a high-risk group. 
Sometimes, patients with an expected neutropenia of 7–10 days, e.g., those with 
lymphomas receiving dose-intensifi ed treatment regimens, are regarded as a sepa-
rate, so-called intermediate or standard risk group. 

 Approximately 30–40 % of all febrile episodes in neutropenic patients occur in 
patients of the low-risk group. It has been shown that oral administration of broad- 
spectrum antibiotics, i.e., a combination of ciprofl oxacin with amoxicillin-clavulanate or 
with clindamycin, as well as moxifl oxacin monotherapy [ 13 ], may be a valid option in 
these patients [ 3 ,  8 ,  12 ,  14 ]. However, it is essential to identify patients with a signifi cant 
risk of treatment failure, i.e., those with bacteremia, pneumonia, sepsis, or other types of 
serious infection, for whom such a low- risk treatment regimen is not appropriate.  

9.2     Diagnostic Procedures in Febrile Neutropenic Patients 

 Clinical evaluation at fi rst onset of fever in a neutropenic patient is essential for identify-
ing a potential source or focus of infection and thereby discriminating fever of unknown 
origin from a clinically and/or microbiologically documented infection. A thorough 
physical examination includes inspection of the oropharyngeal mucosa, the skin (par-
ticularly venous access sites, bone marrow puncture sites, and the perianal region), pul-
monary auscultation and percussion, abdominal palpation, percussion of paranasal 
sinuses and renal beds, as well as the assessment of consciousness. Table  9.2  shows typi-
cal associations of fi ndings at specifi c physical sites and the most predominant microbial 
pathogens involved. If one or more of these fi ndings are made in a febrile neutropenic 
patient, preemptive modifi cation of antimicrobial therapy targeting at the typically 
involved pathogens is recommended (see other chapters of this textbook).  

9.3     Laboratory Tests for Evaluation of Fever in Neutropenic 
Patients 

 Clinical chemistry tests should include a complete blood cell count with a differen-
tial leukocyte count, serum creatinine, blood urea nitrogen, electrolytes, hepatic 
transaminase enzymes, bilirubin, lactate dehydrogenase, clotting tests, C-reactive 
protein, and in septic patients also lactate. For early assessment of the severity of 
infection, measurement of interleukin-6 may be helpful [ 26 ], while for 
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procalcitonin, clinical experience and published data on its usefulness in febrile 
neutropenic patients are confl icting [ 2 ,  23 ]. 

 For routine microbiological work-up, a minimum of two separate pairs (aerobic/
anaerobic) of blood cultures is recommended. In patients with a central venous 
catheter, one of the cultures should be taken from the catheter. Culture specimens 
from other sites should not be obtained routinely, but only if clinically indicated.  

9.4     Imaging Procedures at Onset of Febrile Neutropenia 

 A chest radiograph is recommended routinely but appears to be useful only for patients 
with respiratory signs or symptoms. Supplemental imaging procedures such as a com-
puted tomography (CT) scan of the paranasal sinuses in patients with clinical signs 
pointing to sinusitis such as painful orbit, orbitonasal skin alterations, and gingival or 
hard palate ulcers [ 21 ], and abdominal ultrasound or CT scan (with contrast medium) 
in patients with abdominal complaints [ 25 ] may be required in individual patients.  

9.5     Empirical First-Line Antimicrobial Therapy in Patients 
with Fever of Unknown Origin (FUO) 

 Criteria for the institution of antimicrobial therapy in neutropenic patients are sum-
marized in Table  9.1 . The standard of care in patients with granulocytopenia and fever 
is the prompt institution of broad-spectrum antibiotics active against streptococci, 
 Staphylococcus aureus , and gram-negative aerobes including  Pseudomonas aerugi-
nosa . In more than 50 % of the febrile episodes, the source of infection cannot be 
identifi ed, so that the selection of antimicrobials must be made empirically (fever of 
unknown origin, FUO). In order to avoid unselected administration of highly potent 
intravenous antimicrobial agents to all febrile neutropenic patients, criteria for the dif-
ferentiation of patients into low-risk and high-risk categories have been elaborated 
(see above). The stratifi cation is based primarily on the duration of profound neutro-
penia and the feasibility of outpatient care. In low-risk patients, an ambulatory treat-
ment using oral antibiotics is desirable. In classical clinical studies, Freifeld et al. [ 8 ] 
have demonstrated in a double-blind study that an oral regimen of ciprofl oxacin plus 
amoxicillin-clavulanate was equally effective as a standard intravenous monotherapy 
with ceftazidime for initial empirical therapy in 116 febrile episodes with low risk for 

  Table 9.1    Indication for 
empirical antimicrobial 
intervention in cancer 
patients  

 Granulocyte count <500/μl or <1,000/μl with predicted 
decline to ≤500/μl 

 Single oral temperature of >38.3 °C 

  or ≥38.0 °C × 2 within 12 h 

  or ≥38.0 °C over ≥1 h 

 No obvious noninfectious origin 

 Adverse reaction to blood products, cytokines, other drugs 
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complications. Similar results have been achieved in a prospective EORTC trial [ 12 ], 
comparing the effi cacy of oral ciprofl oxacin plus amoxicillin-clavulanate with that of 
intravenous ceftriaxone plus amikacin. Thus, current guidelines recommend the 
administration of oral empirical antimicrobial therapy with ciprofl oxacin (or levo-
fl oxacin) plus amoxicillin-clavulanate (or with clindamycin in case of penicillin 
allergy) in low-risk patients [ 7 ,  9 ,  24 ]. Oral antimicrobial monotherapy with once-
daily moxifl oxacin has been shown to be equivalent to oral ciprofl oxacin plus amoxi-
cillin-clavulanate in this setting [ 13 ], so that this regimen is feasible as well in low-risk 
febrile neutropenic patients, provided they did not previously receive fl uoroquino-
lones for systemic antimicrobial prophylaxis and the local prevalence of resistance to 
fl uoroquinolones among gram-negative bacilli is below 20 % [ 7 ]. If primary outpa-
tient management is expected to be complicated, short-term hospital admission and 
initial therapy with intravenous antibiotics followed by a switch to oral antibiotics and 
early discharge in patients with controlled infection (defervescence, absence of pneu-
monia, negative blood cultures) may be an alternative [ 7 ], as has been well adapted in 
guidelines for pediatric cancer patients [ 16 ].

   Patients with a higher risk of a more complicated clinical course of infection 
should initially be treated with intravenous antimicrobial therapy.    Current IDSA 
guidelines recommend monotherapy with an antipseudomonal beta-lactam such as 
cefepime, piperacillin-tazobactam, or a carbapenem (meropenem, imipenem- 
cilastatin) in complicated situations (sepsis, pneumonia) or a duotherapy with an 
antipseudomonal beta-lactam antibiotic plus an aminoglycoside as appropriate 
choices for initial empirical therapy in this setting [ 9 ]. In general, the combination 
of the beta-lactam with an aminoglycoside is not required [ 5 ,  22 ]. Fluoroquinolones 
such as ciprofl oxacin are not recommended for initial empirical intravenous mono-
therapy with respect to inferior effi cacy [ 20 ] and the considerable emergence of 
resistance among gram-negative bacilli against quinolones in the past decade [ 1 ]. 

 It is not recommended to include an antibacterial agent with specifi c activity 
against gram-positive cocci such as vancomycin in the empiric fi rst-line regimen in 
patients with fever of unknown origin. This combination may be considered in 
patients with clinical signs of a gram-positive infection (see below) or those with 
hemodynamic instability in a setting with high prevalence of methicillin-resistant 
 Staphylococcus aureus  (MRSA). 

 The initial empiric addition of a broad-spectrum antifungal agent such as vori-
conazole is not justifi ed in FUO patients, because it does not increase response rates 
and does not prevent fungal breakthrough infections [ 19 ].  

9.6     Modification of Antimicrobial Treatment in Patients 
with Persisting Fever After 4 Days of Initial Therapy 

 A daily clinical reassessment of neutropenic patients with fever of unknown origin 
receiving empiric antibacterial therapy is essential. Clinical or radiological fi ndings 
indicating a specifi c spectrum of microorganisms have been summarized in 
Table  9.2 .
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   In general, a decision on maintaining or modifying the initial antimicrobial regimen 
is made after 96 h, after all cultures have tested negative and no clinical or imaging 
fi nding enables a more targeted anti-infective treatment. At this point, three options 
have to be considered: (1) leaving the antimicrobial treatment regimen unchanged, (2) 
switching to another antibacterial agent, or (3) adding a broad- spectrum antifungal. 

 Before this decision is made, all potential sites of infection (see Table  9.2 ) must 
be reexamined, blood cultured be taken once more (including those drawn from the 
venous catheter), and the patient be sent to a thoracic CT scan. In individual low- 
risk patients who are clinically stable and expect the recovery of their neutrophil 
counts, this procedure might be suspended, but for all other patients, it is strongly 
recommended. Approximately 50 % of patients without any clinical fi nding indica-
tive of pneumonia will show pulmonary infi ltrates on CT scans [ 10 ], which are 
frequently missed on plain chest radiographs. It can be considered to include para-
nasal sinuses in CT studies; however, their benefi t for treatment decisions in asymp-
tomatic, persistently febrile neutropenic patients has not been conclusively shown 
as yet. This is different in patients who show pulmonary infi ltrates at this time, 
because pathological fi ndings on CT scans of paranasal sinuses may facilitate the 
diagnosis of invasive fungal infection [ 11 ]. 

 In patients with persistent fever of unknown origin, i.e., with unremarkable results 
of the abovementioned diagnostic procedures, who are clinically stable, and in whom 
laboratory parameters such as C-reactive protein and interleukin-6 have not signifi -
cantly increased in comparison to baseline diagnostics, the antibacterial treatment 
regimen should be continued without modifi cation [ 9 ], irrespective of their risk 
group allocation. In  low-risk  patients in whom a treatment modifi cation is regarded 
necessary, because clinical or laboratory fi ndings indicate an uncontrolled febrile 
complication (clinical instability, increasing proinfl ammatory laboratory parame-
ters), a change of antibacterial treatment should be prompted. In patients initially 
treated with ciprofl oxacin and amoxicillin-clavulanate, piperacillin- tazobactam may 
be a suitable second-line regimen. In patients treated with piperacillin- tazobactam or 
cefepime, a switch to imipenem or meropenem should be considered. 

 In  high-risk  patients in whom treatment modifi cation is clinically indicated, the 
antimicrobial regimen should be escalated by the addition of a broad-spectrum 

      Table 9.2    Typical clinical fi ndings at specifi c physical sites and predominant microbial patho-
gens involved   

 Clinical symptoms  Typical pathogens 

 Erythema/pain at venous access  Coagulase-negative staphylococci 

 Mucosal ulcers  Alpha-hemolytic streptococci,  Candida  spp. 

 Single point-like erythemas  Gram-positive cocci,  Candida  spp. 

 Necrotizing skin lesions   Pseudomonas aeruginosa ,  Aspergillus  spp. 

 Retinal infi ltrates   Candida  spp. 

 Diarrhea, meteorism   Clostridium diffi cile,  norovirus 

 Enterocolitis, perianal lesion  Polymicrobial incl. anaerobes 

 Lung infi ltrates ± sinusitis   Aspergillus  spp., zygomycetes,  P. jirovecii  
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antifungal agent, i.e., liposomal amphotericin B or caspofungin (both licensed for 
this indication). The modifi cation of antibacterial therapy is debatable. It appears 
justifi ed to switch from piperacillin-tazobactam or cefepime to imipenem or 
meropenem, because these carbapenems may be effective against pathogens non-
susceptible to the former agents. In contrast, in patients already given imipenem or 
meropenem for fi rst-line therapy, a modifi cation of antibacterial therapy is more 
speculative. Although apparently logical, the addition of a glycopeptide (vancomy-
cin or teicoplanin) has not been shown to be superior to the addition of placebo [ 4 , 
 6 ]. In institutions with a high prevalence of multiresistance among gram-negative 
microorganisms, the addition of an aminoglycoside might be considered. 

 Empiric antiviral treatment or the administration of macrolide antibiotics or 
trimethoprim- sulfamethoxazole should be omitted.  

9.7     Approach to Patients with Clinically Documented 
Infections 

 A primary (“preemptive”) modifi cation of antimicrobial therapy may be benefi cial 
in patients with distinct clinical symptoms, particularly in those with pulmonary 
infi ltrates, a venous catheter-associated infection, and central nervous system or 
abdominal/perianal infection (Table  9.2 ). Those scenarios are addressed in separate 
chapters of this textbook.  

9.8     Targeted Treatment in Microbiologically Documented 
Infections 

 Microbiological fi ndings can be extremely helpful in order to target antimicrobial 
treatment; however, they should always be critically interpreted with respect to their 
causal relationship to the clinical picture of infection. Irrespective of their poten-
tially pathogenic character, some microorganisms may represent nothing but resid-
ual fl ora after antibiotic therapy, e.g., enterococci isolated from oropharyngeal 
samples. Other fi ndings may point at a separate relevant infection but are irrelevant 
for the infection that gave reason for taking the sample, e.g., coagulase-negative 
staphylococci repeatedly isolated from blood cultures in a patient with pneumonia. 
Moreover, two infections may be present concomitantly or sequentially, e.g., inva-
sive pulmonary aspergillosis in a patient with pneumonia caused by  Klebsiella  spp. 
not responding to appropriate antibacterial treatment. 

9.8.1     Bacteremia 

 In most cases of bacteremia, the antibiotic regimen selected empirically for febrile 
neutropenia will be effective, so that no modifi cation after identifi cation of the 
pathogen is required. In case of coagulase-negative staphylococci, 80–90 % of 
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which being resistant to beta-lactam antibiotics including fl ucloxacillin, isolated 
from at least two separate blood cultures, a glycopeptide antibiotic should be sup-
plemented. Although not studied appropriately in prospective clinical trials, line-
zolid can be recommended as an effective and well-tolerated treatment alternative 
for staphylococcal and enterococcal bacteremia. It has the favorable property that it 
can be given orally as well.   

9.9     Duration of Antimicrobial Treatment 

 A prospective randomized study of the appropriate duration of antimicrobial ther-
apy after defervescence and clinical response in febrile neutropenic patients has not 
yet been conducted. While in most cases treatment may be terminated 7 days after 
stable defervescence and resolution of clinical symptoms also in persistently neu-
tropenic patients [ 17 ,  18 ], at least 14 days of effective antibiotic treatment are rec-
ommended in patients with documented  Staphylococcus aureus  or  Pseudomonas 
aeruginosa  bacteremia [ 9 ].     
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      Pulmonary Complications 

             Georg     Maschmeyer     

10.1            Introduction 

    Cancer patients with febrile complications and high-risk neutropenia, i.e., those 
with granulocytes <0.5 Gpt/l for >10 days, develop lung infi ltrates (LI) with a 
likelihood of 20–25 % [ 85 ,  125 ]. These patients carry a higher risk of treatment 
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failure and fatal outcome as compared to those with fever of unknown origin or 
most clinically documented infections at other body sites [ 4 ,  12 ,  50 ,  98 ], and 
antimicrobial treatment is often complicated and expensive [ 79 ]. In many cases, 
microbial etiology remains undetermined; in microbiologically documented 
cases, multiresistant bacteria [ 63 ,  128 ] and pathogens resistant to beta-lactam 
antibiotics (e.g., fi lamentous fungi,  Pneumocystis jirovecii , multiresistant gram-
negative aerobes or viruses) are predominant. Important differential diagnoses 
include alveolar hemorrhage, lung involvement by the underlying malignancy, 
cryptogenic organizing pneumonia, immune reconstitution syndrome, and 
lesions caused by chemotherapy or radiation [ 9 ,  14 ,  31 ,  39 ,  40 ,  94 ,  136 ,  143 , 
 147 ,  150 ]. 

 As yet, it has not been clearly shown that diagnostic procedures such as 
bronchoscopy and bronchoalveolar lavage, performed in order to identify the 
etiology of LI in febrile neutropenic patients, improve clinical outcome [ 10 , 
 48 ,  98 ,  126 ,  136 ]. However, antimicrobial treatment regimens are modified in 
a large number of patients based upon the results of these procedures [ 117 ]. It 
has been observed that response to broad-spectrum antibacterial treatment in 
febrile neutropenic high-risk patients with LI is less than 30 % [ 98 ,  119 ], 
whereas mold-active systemic antifungals added to the first-line antimicrobial 
treatment in all febrile, severely neutropenic patients with LI increase the 
response rate to up to 78 % [ 130 ]. In a small prospective study, the incidence 
of LI in acute leukemia patients could be reduced to 0 % by voriconazole pro-
phylaxis as compared with 33 % under placebo [ 149 ]. These observations as 
well as autopsy studies [ 14 ,  32 ,  45 ,  61 ] indicate that the majority of LI in 
febrile neutropenic patients are caused by filamentous fungi, primarily by 
 Aspergillus  spp. [ 3 ,  111 ]. 

 In patients with invasive pulmonary aspergillosis (IPA), cultural or histologic 
proof at an early stage is very rare; however, far advanced, proven IA in neutropenic 
patients has a very dismal outcome [ 38 ,  84 ]. As a consequence, early (“preemp-
tive”) antifungal treatment is frequently started in febrile patients with severe neu-
tropenia and LI presenting with radiological and laboratory fi ndings not indicating 
a typical non-fungal disease [ 24 ,  95 ]. 

 Successful or ineffective management of IPA will have a substantial impact on 
further treatment of the patients’ underlying malignancy [ 107 ], and early initia-
tion of mold-active antifungal treatment has been shown to improve overall sur-
vival of febrile neutropenic patients with IPA [ 37 ,  60 ]. At the same time, inadequate 
overuse of broad-spectrum antifungal agents must be avoided. Early treatment 
decision may be facilitated by serial  Aspergillus  galactomannan (GM) or beta-D-
glucan testing in blood samples of high-risk patients [ 80 ,  89 ]. If LI suspicious of 
fungal origin emerge in patients receiving posaconazole or voriconazole prophy-
laxis, diagnostic intervention including fi ne-needle or open-lung biopsy must be 
discussed in order to identify rare pathogens such as  Nocardia  and non-fungal 
causes of LI [ 28 ,  132 ]. In contrast, patients who have been treated with nucleoside 
analogs such as fl udarabine or cladribine or with long-term T-cell-depleting 
agents such as alemtuzumab or antithymocyte globulin may be affected by 
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microorganisms typical for severe T-cell immunosuppression such as cytomega-
lovirus, mycobacteria, or yeasts [ 129 ], in addition to  Staphylococcus aureus, 
Pseudomonas aeruginosa ,  Aspergillus  spp., and pneumococci [ 1 ], which are very 
relevant in this context as well. 

 In febrile neutropenic patients, respiratory viruses such as  infl uenza ,  parainfl uenza , 
 human metapneumovirus , or  respiratory syncytial virus  may be relevant pathogens 
for respiratory tract infections particularly during cold and wet seasons [ 68 ,  92 ], but 
typically, allogeneic hematopoietic stem cell transplant recipients are affected [ 16 ]. It 
has been reported that these viral infections are not more frequent in immunocompro-
mised than in non-immunocompromised patients [ 52 ,  88 ]. In immunosuppressed 
patients affected by these viruses, neutropenia, poor APACHE II score, age over 
65 years, and severe lymphocytopenia have been reported prognostic factors resulting 
in a higher risk of fatal outcome [ 33 ,  34 ]. In many cases, it remains undetermined if 
respiratory viruses documented in respiratory secretions represent the cause of pneu-
monia or rather “innocent bystanders.” As there are almost no effective antiviral drugs 
for the treatment of these infections available, no prospective, randomized studies, 
which could elucidate the relevance of these viruses, have been conducted.  

10.2     Diagnostic Procedures 

 With respect to the critical prognosis of LI in febrile neutropenic patients, diagnos-
tic procedures are of major importance, but should not cause a substantial delay in 
the start of adequate antimicrobial therapy. 

10.2.1     Imaging 

 Conventional chest radiographs show abnormalities in less than 2 % of febrile neu-
tropenic patients without clinical fi ndings indicating lower respiratory tract infection 
[ 78 ,  106 ,  109 ]. It is not exactly known how many of these patients would have abnor-
malities on computed tomography (CT) scans, because no randomized head-to- head 
comparisons have been published so far. In patients persistently febrile after more 
than 48 h of broad-spectrum antibacterial therapy, about 10 % of chest radiographs 
are abnormal, whereas CT scans at this time reveal pathological fi ndings in approxi-
mately 50 % of patients [ 65 ,  66 ]. Early detection of lesions indicating invasive fun-
gal infection,  Pneumocystis  pneumonia (PcP), or cytomegalovirus (CMV) 
pneumonia is of utmost importance, facilitating targeted bronchoscopy and bron-
choalveolar lavage and a prompt institution of preemptive antimicrobial treatment 
[ 27 ,  58 ,  120 ], enabling improved survival of these patients. CT fi ndings such as 
consolidation, “halo sign,” and “air crescent” may be important signs of fi lamentous 
fungal disease [ 41 ,  58 ]. While the “halo sign” has been described typically in neu-
tropenic patients, in general CT fi ndings indicative of IPA are comparable in neutro-
penic and in non- neutropenic patients [ 38 ]. A “reversed halo sign,” showing a focal 
rounded area of ground-glass opacity surrounded by a crescent or complete ring of 
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consolidation, has been described as relatively specifi c for fungal pneumonia due to 
 Mucorales  [ 58 ]. Beyond early identifi cation of LI, CT fi ndings may allow for distin-
guishing fungal from non-fungal LI [ 26 ,  49 ,  55 ,  62 ,  67 ,  143 ]. Nodular or cavitary 
lesions are suggestive of invasive fi lamentous fungal infection. Differential diagno-
ses include pneumonia due to other microorganisms including mycobacteria [ 56 ] 
(which may be different in regions with specifi c epidemiology) as well as by under-
lying malignancies [ 133 ], so that comparison to previous CT scans in an individual 
patient is essential. Combination of CT scan with angiography has been found to 
increase the diagnostic specifi city in patients with pulmonary mold infections [ 138 , 
 142 ]; however, this more labor-intensive method has not yet become widely applied 
and is therefore not included into current clinical practice guidelines. In selected 
patients where pulmonary CT scan is not wanted or feasible, magnetic resonance 
tomography (MRI) is a valid alternative [ 46 ]. As yet, consensus defi nitions of inva-
sive fungal diseases have not included thoracic MRI fi ndings. Of note, on follow-up 
CT scans in patients with IPA, the volume of pulmonary infi ltrates frequently 
increases during the fi rst week despite effective antifungal therapy [ 25 ], which 
should not give reason to assess the treatment course as refractory. The reduction of 
the “halo” and the development of an “air-crescent” sign, however, typically indicate 
favorable response [ 20 ].  

10.2.2     Microbiology and Histopathology 

 In the majority of febrile neutropenic patients with LI, no indicatory microbiological 
fi nding is available, so that the therapeutic management is based upon clinical and imag-
ing fi ndings. In microbiologically documented cases, pathogens are isolated from blood 
cultures, bronchial secretions, or bronchoalveolar lavage (BAL) fl uid. It often means a 
challenge to assess the diagnostic relevance of culture results [ 11 ,  48 ,  73 ,  124 ], because 
unselected bronchial samples from these patients grow colonizing and contaminating 
microorganisms with no etiological signifi cance [ 44 ], or blood cultures may show iso-
lates not etiologically related to pneumonias. At the same time, if autopsies show inva-
sive fungal infections, 75 % of them have not been detected ante mortem [ 32 ]. Therefore, 
in contrast to the majority of other microbiological fi ndings, isolation of  Aspergillus  spp. 
or other fi lamentous fungi from upper respiratory tract specimens of severely immuno-
compromised patients typically indicates a respiratory tract mycosis [ 72 ]. 

 The diagnostic yield of BAL has been described to be 25 % to >50 % [ 17 ,  38 ,  76 , 
 159 ], depending on the risk profi le of patients included. The diagnostic yield and the 
outcome of clinical management in critically ill, febrile cancer patients with severe 
pulmonary infi ltrates have not been improved by invasive diagnostic procedures 
[ 10 ]. In contrast, one retrospective analysis of microbiological fi ndings from BAL 
samples in cancer patients with LI showed 34 % bacteria, 22 % CMV, 15 % 
 Pneumocystis jirovecii , and 2 %  Aspergillus  spp. [ 103 ], and another report of 246 
bronchoscopies in 199 febrile patients with hematologic malignancies noted patho-
gens with possible etiological signifi cance in 48 % of samples, of whom 70 grew 
only bacteria and 13 samples showed both fungi and bacteria, 15 samples  Aspergillus  
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spp., 16 samples  Candida  species, and 2 samples both  Aspergillus  and  Candida  spp .  
[ 73 ]. Many LI in severely immunocompromised patients may also have polymicro-
bial etiology [ 124 ], with molds (predominantly  Aspergillus  spp.) plus bacteria in 
12 % and multiple fungal species in 22 % of the samples. Although the etiological 
relevance of BAL fi ndings may be questionable in many cases, the results trigger 
the change of antimicrobial treatment in up to 50 % of patients [ 73 ,  117 ]. As a diag-
nostic “gold standard” is lacking, the number of false-positive and false-negative 
fi ndings is unknown, and the rates of success or failure of “pathogen- directed” anti-
microbial treatment there remain undetermined. A proposal for the assessment of 
the etiological signifi cance of microbiological fi ndings in febrile neutropenic 
patients with LI is given further below. 

 While for the proven diagnosis of IPA, cultural isolation of fungi and histological 
proof from lung tissue are regarded as diagnostic “gold standard” [ 41 ], quality stan-
dards for diagnostic procedures are not available and patients undergoing biopsy are 
highly selected. Transbronchial biopsy is not recommended in severely thrombocy-
topenic patients with lung infi ltrates [ 117 ], whereas open-lung biopsy (OLB), mini-
thoracotomy, or video-assisted thoracoscopic surgery may be safely performed in 
patients with treatment-refractory LI not cleared up by other diagnostic approaches, 
primarily in order to rule out noninfectious origin [ 6 ,  28 ,  40 ,  159 ]. OLB is a rela-
tively safe procedure, but may cause complications in approximately 6 % of patients 
[ 57 ] including the risk of hemorrhage [ 6 ,  155 ] even in patients with suffi cient plate-
let counts [ 69 ,  115 ]. Histologically, no infection or malignancy, but nonspecifi c 
infl ammation is detected in the majority of patients [ 48 ,  57 ,  155 ]. Notably, fi ndings 
from OLB and BAL obtained simultaneously may show different microbiological 
results [ 48 ]. 

 CT-guided percutaneous fi ne-needle biopsy (FNB) may provide informative 
results in approximately 80 % of cases, allowing for species identifi cation using 
molecular methods for tissue workup [ 29 ,  36 ,  74 ,  77 ,  82 ,  122 ]. FNB requires plate-
let counts >50,000/μl and should be limited to patients without an obvious risk of 
respiratory failure in case of complications such as pneumothorax. As yet, there are 
no reports from prospective studies comparing different methods for invasive 
approaches to identify the causes of LI in febrile neutropenic patients.  

10.2.3     Non-Culture-Based Diagnostic Methods 

 While the reference method for detecting  Pneumocystis jirovecii  is microscopic 
identifi cation, polymerase chain reaction (PCR) has been introduced in the 1990s 
for early detection of this pathogen with high sensitivity [ 135 ]. To distinguish 
between infection and colonization, which may be present in up to 20 % of indi-
viduals without signs or symptoms of PcP, more recently developed real-time PCR 
assays may be helpful [ 5 ]. Beyond that, a negative PCR result from BAL samples 
allows for discontinuing anti- Pneumocystis  therapy [ 8 ]. 

 CMV may be a relevant cause of LI in immunocompromised hosts, particu-
larly those with cellular immunosuppression secondary to immunosuppressive 
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agents, radiotherapy, or malignant T-cell lymphoma. Primarily, patients who 
underwent allogeneic hematopoietic stem cell transplantation are affected. In 
febrile neutropenic patients with LI, CMV PCR applied on BAL samples has a 
high negative, but low positive predictive value [ 70 ], while positive rapid culture, 
immediate early antigen, direct fl uorescent antibody tests, DNA hybridization, 
and cytology from BAL cultures are required to confi rm the diagnosis of CMV 
pneumonia [ 15 ,  86 ]. 

 Numerous methods have been developed for detecting fungal cell antigens such as 
 Aspergillus  galactomannan (GM), 1,3-beta-D-glucan, or nuclear amplifi cation assays 
to identify small amounts of fungal DNA for early noninvasive detection of fi lamen-
tous fungi in febrile neutropenic patients with LI of undetermined etiology [ 23 ,  47 , 
 90 ,  91 ,  141 ]. More recently, a positive GM test not only from blood but also from 
BAL samples has been accepted as a signifi cant fi nding indicating a probable inva-
sive fungal infection in severely immunocompromised patients [ 13 ,  21 ]. It is debat-
able if  Aspergillus  GM assay in blood will become positive earlier than CT scans 
[ 154 ]. Notably, the GM    test may give false-positive results in patients treated with 
semisynthetic beta-lactam antibiotics such as amoxicillin-clavulanate, piperacillin- 
tazobactam, carbapenems, ceftriaxone, and cefepime [ 7 ,  19 ] as well as in those given 
enteral nutrition [ 59 ], in those with other fungal infections such as fusariosis [ 148 ], 
and in BAL samples obtained using specifi c lavage solutions such as Plasmalyte™ 
[ 64 ]. Details on antigen testing for fungal infection, including those other than asper-
gillosis [ 108 ], have been reviewed in evidence-based guidelines [ 127 ]. 

 Studies on panfungal or  Aspergillus -specifi c PCR assays indicate that the use of 
these techniques on BAL samples seems superior as compared to blood samples, 
particularly in patients undergoing systemic antifungal therapy [ 21 ,  81 ,  87 ,  104 , 
 141 ]. On lung biopsy specimens, PCR added to histopathology and culture may 
improve specifi cation of pathogens [ 122 ]. Since there is no international standard-
ization of these assays available as yet, PCR results have not become part of defi ni-
tion criteria for invasive fungal infections by now [ 99 ]. PCR presumably will 
become part of a diagnostic program for LI, including thoracic CT scans, serology, 
and conventional microbiology from blood and BAL samples [ 156 ].  

10.2.4     Biomarkers 

 Nonspecifi c pro-infl ammatory laboratory parameters like C-reactive protein, inter-
leukin- 6 [ 151 ], interleukin-8, tumor necrosis factor-alpha, and procalcitonin plasma 
levels [ 101 ] are frequently used to assess the severity of infections and the response 
to antimicrobial therapy. In febrile neutropenic patients with LI, the predictive value 
of these parameters has not been investigated in prospective studies as yet. In clini-
cal practice, the repeated measurement of these parameters typically parallels clini-
cal observation and should be used for therapeutic decisions only in the context of 
these clinical and with imaging fi ndings. Persistent fever   , progressive or new 
emerged LI, and rising pro-infl ammatory parameters indicate the need for a change 
in the antimicrobial treatment regimen [ 123 ].   
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10.3     Algorithm for the Diagnostic Management of Febrile 
Neutropenic Patients with LI 

 An algorithm for the clinical management of febrile neutropenic patients with LI has 
been proposed by an expert panel [ 95 ] (Fig.  10.1 ). In patients with acute myeloid 
leukemia or myelodysplastic syndrome undergoing aggressive myelosuppressive 
chemotherapy expecting severe neutropenia lasting ≥10 days, serial monitoring of 
 Aspergillus  galactomannan from blood samples is recommended. The place for 
1,3-beta-D-glucan is not yet clearly defi ned and PCR should be studied in the frame 

  Fig. 10.1    Diagnostic procedures and treatment of neutropenic patients with fever and suspected 
or proven lung infi ltrates.  CT  computed tomography,  BAL  bronchoalveolar lavage.  Dotted lines  
indicate exceptions from recommended procedure       
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of clinical trials only. Importantly, diagnostic procedures aim at obtaining microbio-
logical results that confi rm or help to modify the antimicrobial therapy, which should 
be initiated preemptively without awaiting results from diagnostic procedures.

   Patients with fever of unknown origin not responding to an appropriate fi rst-line 
therapy after 72–96 h should undergo thorough physical reexamination, imaging, 
and microbiological diagnostics including thoracic CT scan (see chapter on FUO). 
When LI are documented, bronchoscopy and BAL should promptly be arranged. 
BAL samples must be sent immediately to the microbiological laboratory for 
workup, to be started within 4 h after sampling. Recommended microbiological 
procedures are listed in Table  10.1 .

   Table 10.1    Workup of bronchoalveolar lavage samples from febrile neutropenic patients with 
lung infi ltrates [ 95 ]   

 Recommended diagnostic program 

   Cytospin preparations for distinguishing intracellular from extracellular pathogens and 
identifying infi ltration by underlying malignancy 

  Gram stain 

   Giemsa/May-Grünwald-Giemsa stain (assessment of macrophages, ciliated epithelium, 
leukocytes) 

  Calcofl uor white or equivalent (assessment of fungi and  Pneumocystis jirovecii ) 

  Direct immunofl uorescence test for  Pneumocystis jirovecii  (confi rmatory) 

  Direct immunofl uorescence test for  Legionella  spp. 

  Ziehl-Neelsen/auramine staining 

   Aspergillus  antigen (galactomannan sandwich ELISA) 

   Quantitative cultures: dilutions of 10 −2  and 10 −4 ; culture media: blood, McConkey/Endo, 
Levinthal/blood (bacterial culture),  Legionella  BCYE-α or equivalent ( Legionella  spp.), 
Löwenstein-Jensen or equivalent (mycobacteria), Sabouraud/Kimmig or equivalent (fungal 
culture) 

 Optional program 

  Enrichment culture (brain-heart infusion, dextrose broth) 

  Direct immunofl uorescence test for  Chlamydia pneumoniae  

  Culture for  Chlamydia pneumoniae  

   Legionella  PCR 

  Shell vial technique and PCR for infl uenza, parainfl uenza, and adenovirus 

  Culturing or antigen detection of herpes simplex and varicella zoster virus 

  Cytomegalovirus early antigen 

  CMV antibody (ELISA, IgG/IgM) 

  HSV antibody (ELISA, IgG/IgM) 

  VZV antibody (ELISA, IgG/IgM/IgA) 

  Respiratory syncytial virus (PCR, ELISA) 

  Panfungal/ Aspergillus  PCR 

  Peripheral blood cultures 1 h after bronchoscopy to detect transient bacteremia 

  Throat swab to assess oral fl ora in comparison with BAL 

   Pneumocystis jirovecii  PCR 

G. Maschmeyer



173

   Invasive procedures such as open-lung or fi ne-needle biopsy should be considered 
in patients with undetermined LI who urgently require histological identifi cation.  

10.4     Antimicrobial Therapy 

 Considering the dismal prognosis of febrile neutropenic patients with LI not treated 
promptly with an appropriate antimicrobial regimen, it is recommended to start therapy 
preemptively on the basis of clinical, imaging, and/or laboratory fi ndings indicative of a 
particular infection in patients at risk for, but without proof of, this infection (Table  10.2 ). 
The type of underlying malignancy or immunosuppression has an instrumental impact 
on the selection of antimicrobial agents suitable for preemptive therapy.

10.4.1       Patients with Severe Neutropenia Due to Chemotherapy 
for Acute Leukemia or Other Aggressive Hematologic 
Malignancies 

    In this subgroup of neutropenic patients with LI, broad-spectrum beta-lactam ther-
apy with antipseudomonal activity, as used for empirical treatment of unexplained 
fever (FUO => see separate chapter), should primarily be combined with a mold- 
active systemic antifungal, i.e., voriconazole (6 mg/kg every 12 h day 1, 4 mg/kg 
every 12 h thereafter) or liposomal amphotericin B (3 mg/kg daily) [ 153 ]. In patients 
in whom zygomycosis (mucormycosis) is suspected or who have been pretreated 
with voriconazole or posaconazole, liposomal amphotericin B is preferred. This 
high-risk subgroup of patients has a signifi cant benefi t from prompt as compared to 
delayed mold-active antifungal therapy [ 130 ]; it has been shown that patients with 
invasive aspergillosis treated with voriconazole or liposomal amphotericin B had 
superior response and survival rates when treated early vs. later in the course of the 
disease [ 37 ,  60 ]. Systemic antifungal treatment should be continued until hemato-
poietic recovery and regression of clinical and radiological signs of infection. 

(1) For patients with acute leukaemia and other aggressive haematological malignancies

(2) For patients undergoing high-dose chemotherapy and autologous haematopoietic stem cell transplantation (AHSCT)
– No prompt systemic antifungal required
– After CD34-selected AHSCT: Ganciclovir 5 mg/kg BID if positive rapid culture for CMV

Voriconazole: 6 mg/kg BID × 1 day then
4 mg/kg BID,

Liposomal amphotericin B: 3 mg/kg daily
(preferred if high risk for zygomycosis or
previous treatment with azoles)

Anti-pseudomonal
beta-lactam

+ or

   Table 10.2    Preemptive antimicrobial treatment in febrile neutropenic patients with lung infi l-
trates [ 37 ]       
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 The empirical addition of an aminoglycoside or 5-fl ucytosine is not recom-
mended due to a lack of benefi t [ 116 ]. In patients who had not taken routine anti-
 Pneumocystis   prophylaxis, who have a thoracic CT scan suggesting PcP, and who 
have a rapid and otherwise unexplained rise of serum lactate dehydrogenase, prompt 
start of high-dose co-trimoxazole therapy should be considered before bronchos-
copy and BAL. In case of PcP, BAL will remain positive for this pathogen over 
several days despite appropriate antimicrobial therapy. 

 Except from patients with severe cellular immunosuppression, antiviral agents 
such as ganciclovir are not recommended for early preemptive therapy in febrile 
neutropenic patients with LI. In general, glycopeptides or macrolide antibiotics 
without a specifi c pathogen isolated from clinically signifi cant samples should not 
be used as well.  

10.4.2     Other Subgroups of Febrile Patients with Hematologic 
Malignancies 

 In patients undergoing high-dose chemotherapy and autologous hematopoietic 
stem cell transplantation (AHSCT) with febrile neutropenia and LI of unknown 
origin, whose conditioning regimen included total body irradiation or who have 
received a CD34-selected autograft [ 71 ], bronchoscopy with BAL should be per-
formed to check for CMV disease [ 53 ]. A positive rapid culture or “immediate 
early antigen” should prompt ganciclovir treatment (5 mg/kg every 12 h). 
Foscarnet has not been investigated in this setting, as has not been the serial blood 
PCR or pp65 antigen monitoring. Since patients after AHSCT have a very low 
risk of fungal pneumonia [ 112 ,  118 ,  121 ], antifungal therapy should not be given 
preemptively. 

 In patients with profound cellular immunosuppression, respiratory viruses may 
be the cause of LI, so that diagnostic programs used for workup of BAL or oro-/
nasopharyngeal swabs should include CMV as well as infl uenza, parainfl uenza, 
respiratory syncytial virus, and human metapneumovirus [ 42 ,  157 ].   

10.5     Antimicrobial Treatment in Patients with Documented 
Pathogens 

 The interpretation of microbiological fi ndings in neutropenic patients with LI is 
diffi cult. Isolates typically origin from blood cultures or BAL samples. They may 
represent nonpathogenic contaminants, colonizers, co-pathogens, or microorgan-
isms causing a separate infection. If etiologically signifi cant pathogens are 
detected, particularly multiresistant bacteria, immediate modifi cation of antimi-
crobial treatment to avoid fatal outcome due to delayed effective therapy is rec-
ommended [ 75 ]. 
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 The following fi ndings indicate pathogens causative for lung infi ltrates:

•     Pneumocystis jirovecii , gram-negative aerobic pathogens, pneumococci, 
 Mycobacterium tuberculosis , or  Aspergillus  spp. or  Aspergillus  galactomannan 
or zygomycetes obtained from bronchoalveolar lavage or sputum samples; posi-
tive rapid culture for CMV and detection of CMV “immediate early antigen”  

•   Isolation of pneumococci, alpha-hemolytic streptococci, or gram-negative aero-
bic pathogens from blood culture  

•   Any detection of pathogens in biopsy material  
•   Positive  Legionella  antigen in urine  
•   Positive (threshold 0.5)  Aspergillus  galactomannan in blood samples or BAL    

 The following fi ndings do not represent pathogens causative for lung infi ltrates:

•    Isolation of enterococci from blood culture, swabs, sputum, or BAL  
•   Coagulase-negative staphylococci or  Corynebacterium  spp. obtained from any 

sample  
•   Isolation of  Candida  spp. from swabs, saliva, sputum, or tracheal aspirates  
•   Findings from surveillance cultures, feces, and urine cultures    

 Potentially relevant fi ndings are common respiratory viruses; isolation of 
 Staphylococcus aureus ,  Legionella  spp., or atypical mycobacteria in respiratory 
secretions; and positive CMV- or  Pneumocystis -PCR from BAL. 

 In patients with a documented  P. aeruginosa  pneumonia, the primary combination 
antibacterial therapy including an antipseudomonal beta-lactam plus preferably an 
aminoglycoside or (if an aminoglycoside is contraindicated) ciprofl oxacin is recom-
mended [ 54 ,  114 ]. Depending on their in vitro susceptibility pattern, multiresistant 
gram-negative aerobes such as extended-spectrum beta-lactamase (ESBL)-producing 
 E. coli ,  Enterobacter  spp. or  Klebsiella  spp., as well as  Acinetobacter  spp. or  P. aeru-
ginosa  require antimicrobial treatment combinations selected appropriately accord-
ing to this pattern. Pharmacokinetic aspects (penetration to lung tissue, possible 
inactivation by surfactant) must always be included in this selection. In individual 
patients with pneumonia caused by multiresistant gram- negative pathogens, aerosol-
ized colistin has been successfully used as a part of the antimicrobial strategy [ 100 ]. 
 Stenotrophomonas maltophilia  rarely causes pneumonia, while it is more frequently 
isolated from respiratory secretions representing selection of opportunistic microor-
ganisms under broad-spectrum antibacterial treatment. In patients with suspected or 
documented  S. maltophilia  pneumonia, early antimicrobial intervention with high-
dose trimethoprim-sulfamethoxazole (15–20 mg/kg/day of trimethoprim) is manda-
tory [ 2 ,  145 ]. It should be kept in mind that in vitro susceptibility may not predict 
clinical effi cacy of antimicrobial agents in  S. maltophilia  infections [ 30 ]. 

 Pneumonias caused by methicillin-resistant  Staphylococcus aureus  (MRSA) 
should preferably be treated with vancomycin, if no serious renal insuffi ciency is 
present. Linezolid is a valid alternative for fi rst-line treatment [ 158 ]; however, the 
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risk of severe thrombocytopenia or even pancytopenia associated with linezolid 
must be taken into consideration [ 51 ]. Daptomycin should not be used for treatment 
of pneumonia, because it is inactivated by surfactant [ 134 ]. 

 CMV pneumonia typically affects patients who have undergone allogeneic stem 
cell transplantation. First-choice antiviral treatment options are foscarnet and ganci-
clovir. Foscarnet may be preferred because of its lack of myelosuppression, the latter 
being a serious adverse effect of ganciclovir [ 102 ]. On the other hand, reversible neph-
rotoxicity is one of the typical side effects of foscarnet [ 152 ].  

10.6     Treatment of Documented Fungal Pneumonia 

 Detailed recommendations for treatment of documented fungal pneumonia are pro-
vided in evidence-based guidelines [ 18 ,  83 ,  153 ]. Intravenous voriconazole and 
liposomal amphotericin B are recommended fi rst-line choices for treatment of 
IPA. For zygomycosis (mucormycosis), liposomal amphotericin B is preferred. In 
patients with worsening LI and gas exchange within the fi rst week of treatment, 
failure of antifungal therapy should only be considered if new LI emerge on control 
CT scans. At the same time, other causes such as a second infection, immune recon-
stitution syndrome, infi ltrates caused by the underlying malignancy, toxicity from 
cancer treatment, and yet insuffi cient duration of antifungal treatment should be 
ruled out [ 97 ]. Combination antifungal fi rst-line treatment in patients with invasive 
mold infections is controversial. A prospective clinical study comparing voricon-
azole alone with the combination of voriconazole with anidulafungin has not con-
vincingly shown benefi t from the combination in patients with proven and probable 
aspergillosis [ 93 ]. For treatment of zygomycosis (mucormycosis), a combination of 
liposomal amphotericin B and an echinocandin may be promising [ 139 ]; however, 
randomized studies on this subject have not been conducted. A combination of lipo-
somal amphotericin B and the iron chelator deferasirox for the treatment of mucor-
mycoses has shown inferior clinical results for the combination as compared to the 
antifungal agent alone [ 140 ].  

10.7     Treatment of Documented  Pneumocystis  
Pneumonia (PcP)  

 Patients with proven PcP should be treated with trimethoprim-sulfamethoxazole 
(TMP/SMX; co-trimoxazole) at a dosage of TMP 15–20 mg/kg plus SMX 
75–100 mg/kg daily, divided into three to four doses and continued for 2–3 weeks. 
Nonresponders after 14 days of treatment should be evaluated for a secondary infec-
tion by repeated bronchoscopy. In individual patients with persistent PcP, dihydrop-
teroate synthase gene mutation may be taken into consideration [ 105 ]. In case of 
confi rmed sulfa resistance or TMP/SMX intolerance, atovaquone oral suspension 
(750 mg three times daily), pentamidine inhalation (600 mg daily), intravenous pent-
amidine (4 mg/kg daily), and clindamycin (600 mg three times daily)  plus  
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primaquine (30 mg daily) may represent treatment alternatives [ 146 ], with clindamy-
cin + primaquine presumably being the most effective option [ 137 ]. Subsequently, 
patients should be given secondary prophylaxis using oral TMP/SMX at a daily dos-
age of 160/800 mg given on 2–3 days per week or with monthly pentamidine inhala-
tion at a dose of 300 mg. In patients with respiratory failure due to PcP, systemic 
corticosteroids may be benefi cial, but clinical data from this setting are rare [ 43 ,  113 ].  

10.8     Intensive Care Medicine 

 Analysis of European data on the outcome of cancer patients requiring intensive 
care has shown an overall mortality rate of 27 %, which is not signifi cantly different 
from non-cancer patients treated in the intensive care unit [ 144 ]. Neutropenic 
patients with respiratory failure due to LI may have a favorable outcome under 
appropriate intensive care including mechanical ventilation [ 35 ,  96 ,  110 ]. Even if 
respiratory failure is due to invasive pulmonary aspergillosis, survival can be 
achieved in 33 % of patients [ 22 ]. It is therefore not justifi ed to reject cancer patients 
from intensive care because of their underlying malignancy [ 131 ].     
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11.1            Introduction and Epidemiology 

 Vascular catheters are commonly used in critically ill patients, those with cancer, or 
in patients undergoing hemodialysis. In the United States, there are more than 150 
million intravascular catheters purchased by clinics and hospitals each year. This 
includes more than fi ve million central venous and pulmonary artery catheters [ 22 ]. 

 Catheter use carries the risk of infection, which could be either localized to the cath-
eter site or systemic as bloodstream infections [ 23 ]. It is estimated that at least 80,000 
catheter-related bloodstream infections (CRBSI) occur in the United States ICUs each 
year [ 14 ]. These infections increase hospital stay and cost of care signifi cantly [ 1 ,  21 ]. 

 A recent systemic review of 200 prospective studies estimated the point inci-
dence rates expressed as CRBSI per 1,000 catheter days to range from 0.5 with 
peripheral intravenous catheters, 1.6 for cuffed and tunneled catheters, 1.7 for arte-
rial catheters, 2.4 for peripherally inserted central catheters, and 2.7 for short-term 
non-cuffed and non-medicated central venous catheters (CVCs) [ 12 ].  

11.2     Pathogenesis 

 Catheter colonization with microorganisms is a prerequisite for these infections to occur. 
There are many sources of colonization such as migration of skin surface organisms and 
colonization of the external surface of catheters (extraluminal), which is usually associ-
ated with short-term catheters. Another route involves the transfer of microorganisms to 
hubs from patients’ skin or health-care workers hands and colonization of the internal 
surface (intraluminal). This is more commonly seen in long-term catheters (>30 days) 
[ 15 ,  25 ]. Other sources of catheter infections include contaminated infusate through the 
catheter or hematogenous seeding from another focus of infection [ 20 ], as the gut is a 
common source of candidemia in neutropenic patients    [ 18 ]. 

 Catheter colonization is promoted by the catheter’s material, its surface irregularity 
and thrombogenicity. Host factors such as fi brin and fi bronectin form a sheath around 
the catheter encasing it and promoting microbial attachment. Other major factors include 
intrinsic ones, such as extracellular polymeric substance produced by coagulase-nega-
tive staphylococci,  Staphylococcus aureus ,  Pseudomonas aeruginosa ,  Stenotrophomonas 
maltophilia , and  Candida  species that promote biofi lm formation [ 7 ,  20 ]. 

 Biofi lms are cellular agglomerations of microorganisms, embedded in a self- 
produced matrix composed mainly of polysaccharides, enriched with metallic cat-
ions such as calcium, iron, and magnesium. This makes it as a solid wall preventing 
engulfment and killing by polymorphonuclear leukocytes and preventing contact 
with antimicrobial agents [ 7 ,  36 ]. 

 Localized catheter infections are seen at the insertion site, along the subcutaneous 
tract in tunneled catheters, along the body and tip of the catheter within the vein, or as 
a pocket infection. These localized infections are mostly due to pyogenic organisms, 
particularly  S. aureus  [ 7 ,  28 ], whereas CRBSI are mostly caused by coagulase- negative 
staphylococci,  S. aureus ,  Candida species , and enteric gram-negative bacilli [ 19 ,  20 ].  
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11.3     Diagnosis 

 Localized infections present with infl ammatory manifestations such as ery-
thema, induration, warmth, and tenderness at or around catheter insertion site or 
as a palpable venous cord. CRBSI presents with bacteremia or fungemia with 
signs and symptoms of systemic infection: fever, chills, or hypotension. Local 
catheter infection can be associated with systemic infection but is unreliable in 
predicting it with a sensitivity of 3 % [ 28 ]. CRBSI should be confi rmed micro-
biologically, and cultures should be obtained before the initiation of 
antibiotics. 

 Diagnostic methods of CRBSI can be divided according to catheter removal or 
salvage. It is recommended to assess the possibility of CRBSI before catheter 
removal, especially in low-risk patients (immunocompetent, no intravascular devices, 
no evidence of severe sepsis or septic shock, no evidence of infection at catheter 
insertion site, and no bacteremia or fungemia). This can be done by the following 
methods:

    Simultaneous quantitative blood cultures : by obtaining quantitative blood cultures 
simultaneously from a central venous catheter and a peripheral vein percutane-
ously. A threefold or greater colony count from the CVC than from peripheral 
blood implicates that the CVC is the source of infection. This method is labor 
intensive and expensive [ 4 ].  

   Differential time to positivity : is suggestive of CRBSI if blood drawn from the CVC 
becomes positive for bacterial growth ≥2 h before a simultaneously drawn blood 
from a peripheral vein. However, this method could be compromised when the 
patient is receiving antibiotics through the CVC [ 16 ,  26 ].  

   Quantitative blood cultures drawn through a CVC : this method is used when periph-
eral blood cultures are not withdrawn at the time of culture. Diagnosis of CRBSI 
can be made if CVC withdrawn blood grows ≥100 CFU/ml. However, this 
method is unable to differentiate CRBSI from high-grade bacteremia which is a 
major limitation [ 2 ,  16 ].  

   Acridine orange leukocyte cytospin : a rapid diagnostic microscopy method within 
30 min. But this method has not been widely used in clinical laboratories in the 
United States    [ 34 ].     

 When catheter is removed due to a suspected CRBSI, the following methods can 
be used for diagnosis:

    Semiquantitative CVC tip culture (roll plate method):  the distal segment of the CVC 
is cut and rolled against a blood agar plate at least four times before the plate is 
incubated overnight. A colony count of ≥15 CFU/ml from 5 cm segment of cath-
eter tip suggests catheter colonization. If catheter colonization is associated with 
a positive peripheral blood culture growing the same organism, then CRBSI is 
diagnosed [ 24 ,  28 ].  
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   Quantitative catheter segment cultures : a fi xed length of catheter is immersed in 
broth, sonicated and vortexed to release organisms into suspension that can be 
plated out and counted quantitatively. A count of ≥10 3  CFU from 5 cm segment 
is considered positive for colonization. If catheter colonization is associated with 
a positive peripheral blood culture growing the same organism, then CRBSI is 
diagnosed [ 24 ]. The sonication method is more sensitive than the semiquantita-
tive roll plate method in long-term catheters as it releases organisms from both 
the external and internal surfaces of the catheter [ 28 ].  

   Microscopy of stained catheters : by using gram stain or acridine orange stain. This 
method has not been widely used as it is labor intensive and not practical as it 
only detects extraluminal colonization [ 28 ,  33 ].     

11.4     Management 

     In long-term central venous catheter or implanted catheter : if there is an insertion 
site infection without systemic signs of infection, a culture from the drainage should 
be taken, and it should be managed with topical antimicrobials depending on culture 
and sensitivity (mupirocin ointment for  S. aureus  and ketoconazole or clotrimazole 
ointment for  Candida ). If systemic signs of infection or pus or positive blood cul-
ture are present, systemic antimicrobial should be initiated, and if it fails, catheter 
should be removed [ 13 ,  16 ]. 

 If tunnel infection or port abscess is found, catheter removal is indicated, with 
incision and drainage when needed, and 7–10 days of systemic antibiotic therapy in 
the absence of concomitant bacteremia or candidemia [ 16 ]. 

 Empiric antimicrobial therapy is often initiated for suspected CRBSI, after that 
treatment is modifi ed according to the culture and sensitivity. The most common patho-
gens causing CRBSI are gram-positive cocci, so vancomycin should be started empiri-
cally since the prevalence of methicillin-resistant organisms is increasing [ 16 ]. In 
centers where methicillin-resistant  S. aureus  (MRSA) have high prevalence of isolates 
with minimum inhibitory concentration for vancomycin greater than 2 mcg/ml or the 
patient has a contraindication for vancomycin, then daptomycin is the preferred alter-
native [ 8 ,  17 ]. Linezolid should be avoided as it was associated with worse outcome 
[ 37 ]. It has been shown that linezolid is less effi cacious than daptomycin in eradicating 
staphylococci embedded in biofi lm    [ 27 ].     

 For empiric gram-negative coverage, antibiotics should be based on local resis-
tance patterns and antimicrobial susceptibility data. Fourth-generation cephalospo-
rin ( cefepime    ), carbapenem (ertapenem, imipenem, meropenem, or doripenem), or 
combined β-lactam/β-lactamase inhibitors (piperacillin/tazobactam or ampicillin/
sulbactam) with or without an aminoglycoside (amikacin or tobramycin) can be 
used. If the patient has risk factors for fungal infection, such as total parenteral 
nutrition, prolonged use of broad-spectrum antibiotics, hematologic malignancy, 
stem cell or solid organ transplantation, severe intestinal mucositis, femoral cathe-
ter, or colonization with  Candida  species at multiple sites, then empiric antifungal 
(echinocandin) treatment is recommended [ 11 ,  16 ].        
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 If catheter salvage is needed (no alternative catheter insertion site, severe throm-
bocytopenia), then systemic antimicrobial therapy can be administered in conjunc-
tion with antimicrobial lock therapy. Antimicrobial lock therapy consists of 2–3 ml 
of an active antimicrobial agent in supratherapeutic concentrations (>1,000 times 
higher than the MIC of the organism for vancomycin), often mixed with an antico-
agulant and used to fi ll the lumen of the catheter. This therapeutic modality is con-
traindicated if insertion site, tunnel, or pocket infection is present [ 16 ]. 

 Table  11.1  summarizes management of CRBSI according to the causative organ-
ism [ 16 ,  28 ].

11.5        Prevention 

 Catheter-related infections can be prevented by implementing various measures at 
the time of catheter insertion and after its insertion. Table  11.2  below summarizes 
the strategies of CRBSI prevention.

11.5.1       Before Catheter Insertion 

 Proper hand hygiene should be performed using alcohol or antiseptic soap and 
water [ 20 ]. It is also recommended to use maximal sterile barrier precautions 

   Table 11.1    Management of CRBSI according to the organism a 

 Microorganism  Management 

 Coagulase-negative 
staphylococci 

 Catheter can be removed or retained 

 If removed, systemic antibiotics should be administered for 5–7 days 

 If catheter is retained, treat with a systemic antibiotic and antibiotic 
lock therapy for 10–14 days. If there is clinical deterioration, 
persisting or relapsing bacteremia then the catheter should be 
removed 

  Staphylococcus aureus   Catheter should be removed and systemic antibiotics administered for 
14 days 

  Enterococcus  spp.  For short-term catheters, catheter should be removed and patient 
treated with systemic antibiotics for 7–14 days. For long-term CVC 
or port-related bacteremia, catheter may be retained and systemic 
antibiotics with antibiotic lock therapy can be used for 10–14 days. If 
there is clinical deterioration and persisting or relapsing bacteremia, 
catheter should be removed 

 Gram-negative bacilli  Catheter should be removed and systemic antibiotics administered for 
7–14 days 

  Candida  spp.  Catheter should be removed and antifungal therapy administered for 
14 days after the fi rst negative blood culture 

      a If complicated CRBSI is found (suppurative thrombophlebitis, endocarditis, osteomyelitis, endo-
phthalmitis, sepsis, persistent bacteremia or metastatic infection), then the catheter should be removed 
and the patient treated with antibiotics for 4–6 weeks and for 6–8 weeks for osteomyelitis in adults  
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including the use of a cap, mask, sterile gown, sterile gloves, and a sterile full body 
drape for the insertion of CVCs or guidewire exchange [ 20 ,  28 ]. Femoral veins for 
central venous access in adults should be avoided, and the subclavian vein is pre-
ferred instead (subclavian vein should be avoided in patients undergoing hemodi-
alysis as it associated with higher risk of stenosis), because femoral access is 
associated with greater risk of infection and deep venous thrombosis [ 20 ]. 

 Cleaning the skin with an antiseptic (70 % alcohol, tincture of iodine, an 
Iodophor, or chlorhexidine gluconate) before peripheral venous catheter insertion is 
recommended. While for central venous catheter and peripheral arterial catheters, a 
chlorhexidine-based (>0.5 %) skin antiseptic should be used in patients older than 
2 months, and the antiseptic should be allowed to dry according the manufacturer’s 
recommendation before insertion. For children younger than 2 months, povidone- 
iodine solution can be used [ 20 ,  28 ].  

11.5.2     After Catheter Insertion 

 If there is a nonessential catheter, it should be removed. Peripheral catheters should 
be replaced every 72–96 h, whereas there is no need for replacing CVCs unless 
indicated. Administration sets should be replaced every 4–7 days (unless blood, 
blood products, or fat emulsions are given through it, then the administration set 
should be replaced within 24 h of initiating the infusion) [ 20 ]. 

 Another approach of prevention is the usage of impregnated catheters with either 
minocycline-rifampin or chlorhexidine-silver sulfadiazine. Using these impreg-
nated CVCs has shown to decrease the rate of CRBSI compared to non-impregnated 
catheters [ 3 ,  10 ]. These impregnated catheters are highly cost-effective and safe and 
do not appear to select for resistance [ 5 ]. These catheters are recommended in 
patients whose catheter is expected to remain >5 days and the CRBSI rate is not 
decreasing with the abovementioned methods [ 16 ]. 

  Table 11.2    Preventive 
strategies of CRBSI  

 Educating health-care workers regarding the proper insertion 
and maintenance of catheters 

 Aseptic technique (central line bundle) 

 Hand hygiene using antiseptic soap and water or alcohol 

  Maximal sterile barrier (cap, mask, gown, gloves) 

  Cleaning skin with chlorhexidine solution before insertion 

   Avoidance of femoral vein for central venous catheters in 
adults 

  Removing unnecessary catheter 

 Using antimicrobial antiseptic impregnated catheters 

 Using antimicrobial lock solution a  

   a Not routinely recommended by the centers for disease control 
( CDC )  
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 Catheters coated with chlorhexidine-silver sulfadiazine have been extensively 
studied and demonstrated decrease in catheter colonization. The fi rst generation of 
these catheters is coated on the external surface only. They decrease the risk of 
CRBSI, but less effectively than minocycline-rifampin catheters, by 12-fold as has 
been shown in a prospective randomized trial [ 6 ,  31 ]. The second-generation cathe-
ters were coated both internally and externally. They showed signifi cant decrease in 
colonization when compared to fi rst generation, but did not demonstrate statistically 
signifi cant decrease in CRBSI when compared to non-coated catheters [ 10 ,  31 ,  32 ]. 

 Catheters coated with minocycline-rifampin have been shown in several studies 
to reduce the risk of CRBSI [ 9 ]. Data suggest that the effi cacy of minocycline- 
rifampin catheters may be prolonged beyond that of chlorhexidine-silver sulfadia-
zine catheters [ 6 ]. First-generation chlorhexidine-silver sulfadiazine catheters are 
effi cient only when the average insertion time is less than 8 days [ 35 ]. Minocycline- 
rifampin catheters are effi cient for a longer period of time (around 50 days) [ 6 ]. 

 Minocycline-rifampin-coated catheters inhibit the biofi lm adherence of resistant 
gram-positive and gram-negative pathogens with the exception of  Pseudomonas 
aeruginosa  and  Candida  spp. [ 29 ]. In order to expand the spectrum of antimicrobial 
activity, a second generation of minocycline-rifampin-impregnated catheters has 
been developed by adding chlorhexidine. These catheters showed better in vitro 
activity against methicillin-resistant  S. aureus ,  P. aeruginosa , and  Candida  [ 29 ,  30 ]. 

 We can achieve a near zero rate of CRBSI using aseptic techniques plus 
impregnated catheters. A study found that the rate of CRBSI was 1.28 per 1,000 
catheter days when using uncoated catheters and aseptic techniques, while it was 
0.25 per 1,000 catheter days when using both the aseptic techniques and 
minocycline-rifampin- impregnated catheters [ 9 ]. Another study found the rate of 
CRBSI using only the aseptic techniques as 1.24 per 1,000 catheter days, while in 
combination with impregnated catheters, the rate was 0.4 cases per 1,000 catheter 
days [ 32 ]. 

 Another approach to prevent CRBSI is the use of antimicrobial lock solutions, by 
which an antimicrobial solution is used to fi ll a catheter lumen and then allowed to 
dwell for a period of time. Antibiotics used include vancomycin, gentamicin, cipro-
fl oxacin, minocycline, amikacin, cefazolin, cefotaxime, and ceftazidime [ 20 ]. 
Antiseptics could be used such as alcohol and taurolidine. These agents are usually 
combined with anticoagulant such as heparin or EDTA. Using this technique is 
recommended in patients with long-term catheters who have a history of multiple 
CRBSI despite adherence to aseptic techniques [ 20 ,  28 ].      
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      Gastrointestinal Complications 

             Nicole     M.    A.     Blijlevens    

12.1            Introduction 

 Over the past decade, the number of patients with haematological cancer that are 
being treated for a variety of chemotherapy, radiation therapy or targeted therapy 
continues to grow. In order to improve patient care and their survival, better 
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recognition and proper management of gastrointestinal complications including 
infections are warranted. 

 The entire gastrointestinal (GI) tract is susceptible to a range of acute and chronic 
complications associated with the treatment of haematological diseases especially if 
treatment includes a haematopoietic stem cell transplantation (HSCT). Rarely is the 
intestinal tract itself infi ltrated by leukaemia. In general, acute complications 
are mainly the result of toxicities associated with cytotoxic drugs, while graft- 
versus-host disease (GVHD) is the main driver of late or chronic GI events. Both 
conditions hamper the barrier function of the GI tract, enabling both local and sys-
temic infections to occur when the patient is already immunocompromised either by 
neutropenia or dysfunctional cellular immunity. High-dose chemotherapy condi-
tioning regimens, with or without total body irradiation (TBI), cause severe GI side 
effects including nausea, vomiting, as well as mucositis along the entire GI tract that 
cause pain, ulcerations, bloating, malabsorption and diarrhoea. These GI-related 
symptoms and signs can easily be mistaken for infections by opportunistic microor-
ganisms. The clinical presentation of each complication is nonspecifi c, and diagnos-
tic procedure includes physical examination, microbiological cultures, imaging and 
endoscopy with biopsies. Patients undergoing intensive cytotoxic therapy report 
oral mucositis-induced pain as the most debilitating complication but not emesis or 
diarrhoea. Aside from pain, discomfort, poor appetite and decreased quality of life, 
these GI side effects, especially gut mucositis, are associated with increased risk of 
infection, sepsis and death. Neutropenic enterocolitis is one of the most extreme 
toxicity accompanied by life-threatening complications. It is obvious that GI toxici-
ties signifi cantly contribute towards increased resource utilisation and prolonged 
hospital stays. 

 Real progress has been achieved in treating nausea and vomiting with better 
antiemetics, but unfortunately the treatment of mucositis either caused by the cyto-
toxic regimen itself or related to acute or chronic GVHD has been a failure. It is also 
becoming increasingly clear that some patients are genetically predisposed to cer-
tain toxicities and warrant tailored supportive management. Close monitoring of GI 
complications and awareness of related infections are the critical aspects of sup-
portive care management to optimise the use of specifi c drugs that can signifi cantly 
improve treatment outcomes. Management of the following GI toxicities also in 
relation to infections will be discussed below: cytotoxic therapy-induced nausea 
and vomiting, mucositis (including oesophagitis and neutropenic enterocolitis) and 
gastrointestinal GVHD.  

12.2     Cytotoxic Therapy-Induced Nausea and Vomiting 

12.2.1     Background 

 Cytotoxic therapy-induced nausea and vomiting (CINV) is commonly feared by 
patients before start of treatment and can lead to serious medical problems such as 
dehydration, electrolyte disturbances and renal insuffi ciency. CINV results in a rise 
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in health care costs, prolonged hospital stay with impairment of quality of life in 
patients receiving highly and moderately emetogenic therapy [ 1 ]. It is obvious that 
CINV itself is unlikely to ascribe to infection unless the medical history of the pre-
ceding days indicates otherwise, for instance, an intercurrent acquired food-borne 
infection. Nausea, the perception that emesis might occur, can only be judged by the 
patient, making it diffi cult to test the effi cacy of new drugs in reducing nausea and 
vomiting. Emesis is basically a defence mechanism based upon different pathways, 
including the chemoreceptor trigger zone, vestibular nuclei and central nervous sys-
tem. Emesis has been described as acute (the fi rst 24 h of chemotherapy administra-
tion), delayed (from 24 h onwards unto 5 or 7 days after the cytotoxic insult), 
breakthrough (CINV during antiemetic therapy), anticipatory (before the insult) and 
refractory (despite antiemetic therapy). The discovery of the importance of the sero-
tonin receptor in the management of CINV was crucial to controlling CINV [ 2 ].  

12.2.2     Management of CINV 

 Aprepitant is the fi rst neurokinin-1 receptor antagonist approved for prevention of 
CINV. NK 1  receptors are the binding sites of the tachykinin substance P and are 
located in the brainstem emetic centre and in the GI tract. Patients treated with cis-
platin or an anthracycline–cyclophosphamide regimen clearly favoured the use of 
aprepitant in the prevention of acute and delayed emesis [ 3 ]. Aprepitant is known to 
moderately inhibit cytochrome (CYP) P450 3A4 in normal volunteers, and its use is 
limited in patients receiving high-dose chemotherapy because of concerns about 
potential drug interactions with some chemotherapeutic and prophylactic agents 
used for GVHD prevention. CINV is still a signifi cant problem for HSCT recipients 
as only 20 % completely responded and antiemetic rescue therapy especially for 
delayed nausea and emesis failed completely [ 4 ]. If patients with anticipatory eme-
sis are scheduled to undergo HSCT, anxiolytic drugs such as lorazepam or olanzap-
ine may be useful additions to the antiemetic protocol. The corticosteroids 
dexamethasone and methylprednisolone are effective as monotherapy or in combi-
nation with other drugs for patients treated for cancer. The reader is referred to the 
recommendations of the American Society of Clinical Oncology Guideline for 
Antiemetics in Oncology for details [ 5 ].   

12.3     Mucositis 

12.3.1     Pathogenesis 

 Chemotherapy and radiotherapy damage the entire alimentary mucosa initiating an 
infl ammatory cascade that culminates in mucosal barrier injury (MBI), which mani-
fests itself clinically as mucositis. The alimentary tract undergoes the same embryo-
logical development, but mucosal cells at various regions of the alimentary undergo 
specifi c differentiation later on in order to evolve site-specifi c functions. The 
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pathogenesis of MBI is thought to consist of fi ve phases [ 6 ,  7 ]: (1) the activation of 
nuclear factor-κB directly by chemo-/radiotherapy and indirectly from ROS forma-
tion, DNA and non-DNA damage; (2) production and release of pro-infl ammatory 
cytokines and chemokines (IL-1, IL-6, IL-8, TNFα, IL-23, IFNγ) by macrophages, 
intestinal epithelial cells and endothelial cells; (3) positive feedback loop of TNFα, 
epithelial cell apoptosis and increased mucosal permeability; (4) translocation of 
microbes or their cell wall components such as lipopolysaccharide or peptidogly-
can; and fi nally (5) repair and healing. Although the impact of microbes and their 
cell wall components on the infl ammatory response is secondary, stimulation of 
pattern recognition receptors (PRRs) by pathogen-associated molecular patterns 
(PAMPs) translocating across the disrupted mucosal barrier with subsequent bacte-
raemia and endotoxaemia aggravates infl ammation.  

12.3.2     Clinical Features 

 The course of mucositis following conditioning regimens is relatively predictable. 
Clinical evidence of mucosal injury arises about 5 days of conditioning; it peaks at 
about 12–14 days and then spontaneously resolves 3 weeks after starting chemo-
therapy. The average duration of severe mucositis when present is almost a week. 
The exposure to a specifi c cytotoxic drug or radiation dose is the most prominent 
factor determining the character, onset and progression of GI mucositis [ 8 ]. 
Symptoms such as diarrhoea or constipation are the net result of clinical mucositis 
of the entire GI system. The incidence rate of GI mucositis varies from 10 % in 
patients with advanced disease to around 40 % of patients receiving standard dose 
chemotherapy. Symptoms of diarrhoea and abdominal complaints affect almost 
every patient immediately following high-dose chemotherapy and HSCT. These 
data are retrieved from toxicity scores not specifi cally designed in documenting the 
course of specifi c symptoms [ 9 ]. 

 The importance of this observation is highlighted by the incidence of 44 % of 
severe oral mucositis [World Health Organization (WHO) grade ≥3] found among 
patients receiving high-dose melphalan or BEAM (carmustine, etoposide, cytara-
bine and melphalan) before autologous HSCT in a prospective audit [ 10 ]. Ulcerative 
mucositis (WHO Grade ≥2), the major driver of symptoms and infection risk, was 
noted in 64 %. Because ulceration is, important as major driver of patient related 
symptoms and risk factors of infection.  

12.3.3     Mucositis and Infectious Complications 

 ASCT recipients with severe oral mucositis (OM) had a signifi cantly higher inci-
dence of fever (68 % versus 47 % of patients), microbiologically defi ned infection 
(27 % versus 12 %) and a longer duration of fever (4.2 versus 3.0 days) [ 11 ]. 
Whereas OM is relatively easy to recognise, detection of gut mucositis is more 
demanding. It was shown that citrulline appeared to be particularly useful to detect 
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gut mucosal damage since blood concentrations of this amino acid directly refl ect 
functioning small intestinal cell mass [ 12 ]. Plasma concentrations of citrulline cor-
responded to the severity and extent of gut injury after intensive myeloablative 
therapy. Recent exploratory studies in more than 90 HSCT recipients validated a 
citrulline-based assessment score making it a suitable fi rst choice for measuring and 
monitoring intestinal MBI [ 13 ]. Impaired integrity of the mucosal barrier is thought 
to promote translocation of microorganisms from the lumen of the digestive tract to 
the blood stream resulting in bacteraemia. Plasma concentrations of citrulline 
reached a nadir within 12 days after initiating HDM in 29 patients. Patients with 
bacteraemia had signifi cantly lower citrulline concentrations on the fi rst day of 
fever than did those without bacteraemia [ 14 ]. Twenty patients (69 %) developed 
fever that was accompanied by bacteraemia in ten cases, due to oral viridans strep-
tococci (OVS) with or without coagulase-negative staphylococci (CoNS). The low-
est citrulline concentrations coincided with the onset of bacteraemia, but not with 
neutropenia. Low citrulline rather than the duration of neutropenia is associated 
with bacteraemia indicating the importance of an intact mucosal barrier in neutro-
penic patients. This suggests that the severity of gut MBI determines whether bac-
teraemia occurs or not rather than neutropenia per se. This was confi rmed in a larger 
cohort of 67 ASCT patients after HDM where the onset of bacteraemia due to 
Gram-positive cocci only occurred after a low citrulline level been reached irrespec-
tive of duration of neutropenia [ 15 ]. A similar association between the presence of 
gastrointestinal toxicity and the development of OVS bacteraemia was seen in chil-
dren treated for AML [ 16 ]. 

 In out-patients treated with multiple cycles of chemotherapy for lymphoma, 
myeloma and solid tumours, severe GI mucositis defi ned and characterised as 
oesophagitis, gastritis, colitis and typhlitis by NCI common toxicity criteria resulted 
in signifi cantly more infections than with OM and was associated with prolonged use 
of antibiotic therapy [ 17 ]. The mean duration of hospitalisation of patients receiving 
myelosuppressive chemotherapy was extended by 2 days during cycles accompanied 
with only OM, but when gut mucosal damage was also present the length of stay was 
increased by an average of 8 days [ 17 ]. The risk of infection was signifi cantly higher 
during chemotherapy cycles complicated by any GI mucositis despite the fact that 
there was no difference in the depth or duration of neutropenia. The risk of infection 
was almost 100 % during cycles associated with grades 3 and 4 GI mucositis. CoNS 
are the most frequent isolates, and though CoNS bacteraemia is assumed to be related 
to the use of central venous catheters, mucosal sites may be as important as source of 
these bacteria [ 18 ]. Indeed, molecular analysis of CoNS isolated from blood cultures 
indicated that the mucosa was the origin in most of the cases [ 19 ]. Bacteraemia due 
to OVS mainly  Streptococcus mitis  and  Streptococcus oralis  is related to MBI and 
can be associated with more serious complications such as sepsis and adult respira-
tory distress syndrome which carries a high mortality (80 %), though MBI is not the 
sole predictor of the viridans streptococcal shock syndrome [ 20 ]. 

 Severe disruption of the mucosal barrier is clearly not the only risk factor for 
developing bacteraemia, which affected only a third of our patients with low citrul-
line concentrations. To identify those patients at risk for bacteraemia, citrulline 
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measurements need to be combined with other tests. For instance, the Multinational 
Association of Supportive Care of Cancer (MASCC) developed a risk score to pre-
dict at the onset of fever during neutropenia which patients are at high risk for 
development of serious medical complications [ 21 ].  

12.3.4     Mucositis and Fever During Neutropenia 

 Neutropenia (granulocytes <0.5 × 10 9 /l) has been used for more than 40 years to 
recognise those patients who are at imminent risk of developing infectious compli-
cations following intensive chemotherapy [ 22 ]. This formed the foundation for 
developing a successful strategy for managing these patients, namely, administering 
broad-spectrum antimicrobial therapy promptly as soon as fever occurs during neu-
tropenia. Indeed, empirical antibacterial therapy is still the backbone of the support-
ive care given to these patients [ 23 ]. However, many studies also reported that a 
substantial number of patients remained febrile without an infection ever being 
documented [ 24 ]. Hence, such episodes of fever were designated ‘unexplained 
fever’. 

 Patients with severe OM have not only an increased risk of infections, but the 
incidence of fever and number of days with fever during neutropenia are also higher 
[ 25 ]. Although, the magnitude of the infl ammatory response can be aggravated by 
infections fever as symptom of a systemic infl ammatory response is predominantly 
driven by the course of MBI in HSCT recipients [ 26 ]. Data show a clear pattern of 
an infl ammatory response measured by C-reactive protein or IL8, irrespective of the 
presence or absence of infection, coinciding with the course of mucositis. 
Consequently, the term ‘febrile mucositis’ might be suitable in these cases [ 15 ].   

12.4     Oesophagitis 

 Oesophagitis causes burning retrosternal chest pain. The differential diagnosis 
includes cytotoxic therapy-induced oesophagitis and viral or candida infections. 
Herpes simplex virus (HSV) reactivates commonly in HSV-positive patients after 
cytoreductive therapy especially in the presence of mucositis after HSCT. Therefore, 
anti-HSV prophylaxis is routinely given after HSCT. CMV oesophagitis is actually 
only seen after allogeneic HSCT with active GVHD. 

  Candida  species are part of the commensal fl ora of the skin and mucosal sur-
faces, and in many adults they may become the prevalent opportunistic pathogen 
under the pressures of antimicrobial agents and changes in adherence sites. Under 
normal circumstances, the intact epithelial surface repel invasion of yeast cells. 
However, cytoreductive agents and irradiation infl ict serious damage to the mucosal 
barrier, and colonising microorganisms such as  Candida  can gain easy access to the 
submucosal tissue and subsequently to the bloodstream. The clinical relevance of 
culturing  Candida albicans  from saliva or stool is a matter of controversy with 
respect to the diagnosis of  Candida  oesophagitis. It might help in directing initial 

N.M.A. Blijlevens



203

antifungal therapy in case of suspected candida oesophagitis. Blood cultures mostly 
remain negative, and results of endoscopy may be delayed. Fluconazole can still be 
started if the  Candida  species known from the surveillance cultures was shown to 
be sensitive. Otherwise, echinocandins or lipid formulations of amphotericin B or 
voriconazole are alternatives. 

 Oesophagitis was seen in more than 50 % of the upper GI endoscopy procedures 
performed after intensive chemotherapy (median of 22 days) in 94 patients with 
leukaemia. The other complications were gastritis, gastric erosions and hiatus her-
nia and duodenitis. The most therapeutic consequences were the addition of antacid 
therapy [ 27 ]. There is level I evidence that H 2  receptor blockers and proton pump 
inhibitors can reduce the pain and haemorrhage from standard dose chemotherapy 
oesophagitis, but there is a link with OVS sepsis [ 28 ].  

12.5     Neutropenic Enterocolitis 

 Typhlitis or neutropenic enterocolitis (NE) is used to describe an infl ammatory pro-
cess involving the colon, mainly caecum with or without involving adjacent areas of 
the small intestine in the context of chemotherapy-induced neutropenia. NE can 
potentially result in life-threatening complications such as ischemia, necrosis, 
haemorrhage, bacteraemia and perforation. Mortality rates vary between 5 and 
100 % [ 29 ]. A prospective survey reported an overall incidence of abdominal infec-
tions of 17.7 % and incidence of NE of 6.5 % among adults treated for acute leukae-
mia [ 30 ]. The common clinical manifestations of NE are fever, abdominal pain and 
diarrhoea. These symptoms are neither specifi c nor pathognomonic for NE and 
must be differentiated from other potential causes of abdominal complications such 
as appendicitis, pseudomembranous colitis, ischemic colitis, obstruction and intus-
susceptions, and both viral (CMV, adenovirus or rotavirus) and fungal (candidiasis, 
 Aspergillus  and  Mucorales ) infection can supervene especially after allogeneic 
HSCT. Typically, NE occurs between 10 and 30 days after starting cytotoxic 
treatment. 

 Ultrasound sonography (US) or computer tomography (CT) appears more valu-
able in the diagnosis and monitoring of suspected NE. Most reports concerning NE 
adopt the principle that a bowel wall thickness >3 mm is abnormal, and either 
matches or supports a diagnosis of NE [ 31 ]. CT is able to differentiate NE from 
other intestinal complications in neutropenic patients. For instance, the highest 
mean BWT (12 mm) was seen in  Clostridium diffi cile -related colitis in an analysis 
of 76 neutropenic patients with various gastrointestinal disorders. Although, US 
showing BWT >10 mm was associated with a signifi cantly higher mortality rate 
(60 %) than a BWT ≤10 mm (4.2 %) [ 32 ]. 

 Bacteraemia due to  Staphylococcus aureus ,  Pseudomonas aeruginosa , 
 Clostridium  species, and  Candida  species are clearly associated with neutropenic 
enterocolitis [ 33 ]. Indeed bacteraemia due to certain species of  Clostridium , for 
example,  Clostridium tertium  and  Clostridium septicum , is considered pathogno-
monic in the setting of NE. Presumably, prolonged exposure to antibiotics results in 
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a marked shift in the gut microfl ora towards toxin-producing bacteria such as 
 Staphylococcus aureus ,  Pseudomonas aeruginosa  and  Clostridium septicum . 
Mucosal or transmural necrosis and haemorrhage of the mucosal surface of the 
ileocecal region probably provide a favourable environment for the spores of 
 Clostridium  species to germinate and may be their portal of entry into the blood-
stream. The pathogenesis of NE seems to require various elements to be present 
simultaneously, namely, cytotoxic therapy-induced mucosal damage, a perturbed 
resident microfl ora and profound neutropenia. The recovery of neutrophils usually 
resolves the clinical problem of NE but might be deleterious since tissue infi ltration 
of neutrophils in an infl amed bowel wall containing microorganisms could result in 
perforation. 

 Treatment with broad-spectrum antibiotics targeting Gram-negative and anaero-
bic bacteria is mandatory and antifungals to target  Candida  spp. is benefi cial. If the 
patient is a carrier, plus supportive care measures consisting of bowel rest, nasogas-
tric suction, total parenteral nutrition [ 34 ]. Surgery should be avoided unless there 
is perforation or massive bleeding. Pneumatosis intestinalis due to NE is very wor-
risome as it suggests imminent bowel perforation. The use of G-CSF to hasten neu-
trophil count or function is still under debate.  

12.6     Management of Mucositis and Infections 

 Despite its frequency and consequences, the prevention and treatment options for 
mucositis are sparse. Pain control is a major goal of mucositis management. 
Palifermin, keratinocyte growth factor-1, has been approved for use in the preven-
tion of OM associated with TBI-containing conditioning regimens for autologous 
HSCT for the treatment of hematologic malignancies. Data demonstrated that pali-
fermin effectively reduces incidence, severity and duration of severe mucositis. 
There was a striking reduction of febrile neutropenia episodes in the pivotal study 
of Spielberger et al., and there were fewer episodes of bacteraemia among HSCT 
recipients given palifermin, albeit not statistically signifi cant (15 vs. 25 %) [ 35 ]. A 
small study showed that treatment with recombinant human IL-11 resulted in less 
bacteraemia and improved gut permeability [ 36 ]. Hence, agents such as recombi-
nant human IL-11 and palifermin which are designed to protect the mucosa may 
prove helpful in reducing bacterial infection in neutropenic patients. Clinical trials 
have demonstrated the role of several antimicrobial prophylactic strategies after 
intensive chemotherapy or HSCT. Patients who are  herpes simplex  seropositive 
before the transplant procedure have a 70 % change of reactivation within 8–10 days 
after transplantation. This can be prevented by prophylaxis with acyclovir or vala-
cyclovir. Fluoroquinolones are effective in not only reducing  Gram - negative  bacte-
rial infections but also related mortality and improved overall survival [ 37 ]. 
Fluconazole is effective in reducing  Candida  infections, including fungaemia. In 
general, broad- spectrum antimicrobial therapy promptly as soon as fever occurs 
during neutropenia, and subsequent complementary antimicrobial therapy based 
upon clinical and laboratory results remains the cornerstone of management.  
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12.7     Gastrointestinal Graft-Versus-Host Disease 

12.7.1     Pathogenesis 

 Acute GVHD results from the complex interaction of donor T cells and host tissues 
that involves recognition of major and minor histocompatibility antigens in an infl am-
matory milieu. The pathophysiology of acute GVHD involves both the innate and 
adaptive immune systems and is thought to follow a reproducible pattern of (1) tissue 
damage from the conditioning regimen, for example, gastrointestinal mucositis, (2) 
donor T-cell activation and (3) an infl ammatory effector phase. In the fi rst phase, cyto-
toxic therapy-induced MBI enables translocation of bacteria and microbial wall prod-
ucts, like LPS and peptidoglycan into the bloodstream, with activation of 
pro-infl ammatory cytokines as described earlier. In the second phase activated host 
antigen presenting cells (APCs), and less important donor APCs, present host anti-
gens to alloreactive T-lymphocytes. Subsequent activation and proliferation of 
T-lymphocytes, predominantly Th1-lymphocytes and probably Th17, ensues. The last 
phase concerns traffi cking of alloreactive T- and natural killer (NK) cells to infl amed 
tissues and the occurrence of damage to these target tissues. Subsequently, transloca-
tion of bacterial products in intestinal GVHD leads to amplifi cation of infl ammation.  

12.7.2     Clinical Features 

 Acute GVHD is a syndrome mostly involving the skin, liver and intestinal tract. The 
median time to diagnosis of acute GVHD varies with conditioning, with recipients of 
high-dose therapy and transplantation being diagnosed at a median of 17 days post-
HSCT, as compared with recipients of reduced-intensity conditioning and transplanta-
tion being diagnosed at a median of 3 months post-HSCT where it is commonly 
associated with tapering of immunosuppressive agents. Similar to OM, conditioning 
regimen-induced lower GI toxicity can persist until the development of acute GVHD 
thereby complicating the diagnosis. The symptoms of gastrointestinal GVHD are simi-
lar as those associated with chemotherapy consisting of nausea, vomiting, anorexia, 
malabsorption, malnutrition, abdominal complaints and diarrhoea. Even when typical 
erythematous skin lesions erupt, biopsy is still necessary for defi nitive diagnosis. 
Infectious diarrhoea also needs to be considered. However, despite all this, infectious 
diarrhoea is not that common early post-HSCT, except maybe for  Clostridium diffi cile -
related pseudomembranous enterocolitis. The intestinal tract is a prevalent site for post-
HSCT thrombotic microangiopathy. Although rare the clinical picture mimics gut 
GVHD, but laboratory fi ndings of intravascular hemolysis are discriminatory. 

 Chronic GVHD is a multisystem immune-mediated disorder characterised by 
immunosuppression and immune dysregulation, resulting in increased risk of infec-
tion, impaired organ function, and reduced quality of life. Incidence of chronic 
GVHD is increasing, likely because of increasing age of patients undergoing HSCT, 
decreased early post-transplant mortality, use of peripheral blood cells as the stem 
cell source and increased utilisation of unrelated donors.  
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12.7.3     Management of GVHD and Infections 

 The recommended initial dose of corticosteroids for moderate to severe acute 
GVHD is 2 mg/kg/day of methylprednisolone or its equivalent. The response rate to 
single-agent corticosteroid therapy is approximately 50 %; however, complete dura-
ble responses are noted in fewer patients. Patients with steroid-refractory GVHD 
(either acute or chronic) have a poor survival, and second-line therapy, such as poly-
clonal (ATG) or monoclonal antibodies (daclizumab, inolimomab, basiliximab, 
alemtuzumab, rituximab) or TNF-α blockade (infl iximab or etanercept) only further 
diminishes the activity of remaining innate and adoptive immunity. GVHD itself is 
an immunosuppressive condition, but therapy is extremely immunosuppressive 
making the patient prone to systemic infections especially viral and fungal diseases. 
Intestinal GVHD after nonmyeloablative HSCT signifi cantly increased the risk of 
invasive aspergillosis over time [ 38 ]. Sometimes, symptoms of severe abdominal 
pain and nausea or diarrhoea due to visceral involvement of  varicella zoster , CMV 
or H1N1 infection are misdiagnosed as GVHD.  Varicella zoster  is revealed only 
after eruption of skin vesicles. Intestinal adenovirus infections are associated with 
signifi cant morbidity and potentially life-threatening primary in paediatric trans-
plant recipients. The intestinal tract maybe the primary site of adenovirus reactiva-
tion [ 39 ]. Endoscopy with biopsies, CT scanning and extensive microbial culturing 
are mandatory in these clinically diffi cult patients to establish the cause(s) of their 
misery. Often patients with severe GI tract GVHD need intravenous hyperalimenta-
tion for prolonged periods exposing them to additional risks of infections related to 
the use of a central venous catheter. 

 Many patients with steroid-refractory GVHD will succumb to systemic infec-
tions. Therefore, standard infection prophylaxis to prevent  Pneumocystis jiroveci  
pneumonia, herpesvirus reactivation and prophylaxis against invasive fungal dis-
eases with an azole antifungal agent is recommended. In case of CMV reactivation 
prophylactic ganciclovir or valganciclovir is required. Patients with chronic GVHD 
are at risk for infection particularly by encapsulated organisms. Rare intestinal 
opportunistic infections with  non - tuberculous Mycobacteria ,  Mucorales species  or 
 Cryptosporidium species  can occur demanding meticulous diagnostic procedures if 
the clinical condition of the patient deteriorates.   

12.8     Future Options of Management 

 The role of innate immunity in cancer patients has been brought to attention by the 
impact of single nucleotide polymorphisms (SNP) of innate immune genes (Toll- 
like receptors (TLRs), the Nod-like receptors (NLRs) and C-type lectin receptors 
(CLRs)), which result in enhanced or attenuated expression and/or function, on 
treatment-related complications including infections. Polymorphisms in PRRs of 
importance in intestinal host–microbe interactions like NOD2, originally described 
in Crohn’s disease, and TLRs have been implicated in the occurrence of GvHD and 
infections. 
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 Dectin-1, a C-type lectin that recognises 1,3-b-glucans from fungal pathogens, 
including  Candida species , is involved in the initiation of the immune response against 
fungi. The Y238X polymorphism demonstrated a loss of function in functional assays 
by decreased cytokine production. Patients undergoing an allogeneic HSCT bearing this 
polymorphism  DECTIN - 1  Y238X polymorphism had an increased oral and gastrointes-
tinal colonisation with  Candida species  necessitating more frequent use of fl uconazole 
in the prevention of systemic  Candida  infection [ 40 ]. Furthermore, patients from 
patient–donor pairs bearing the wild-type allele who where colonised with  Candida spe-
cies  had a signifi cant increased incidence of acute GVHD compared to non-colonised 
patients (OR = 2.6,  P  = 0.04), but this was not the case in patients from pairs with the 
Y238X polymorphism (OR = 1.2, ns) [ 41 ]. This might suggest that  Candida  could have 
a role in the pathogenesis of acute GvHD. There are also several reports indicating the 
role of NOD2 polymorphisms on GVHD and infections [ 42 ]. Intriguing is the fact that 
the impact of NOD2 polymorphisms on GVHD disappears with the use of comprehen-
sive antimicrobial prophylaxis suggesting a role of intestinal sensing of a microbial 
product in such a way that the balance of immunity is infl uenced.  

    Conclusions 
 All these preliminary fi ndings point out that selection of high-risk patients with 
the use of SNP of innate immune genes in the future might offer another tool in 
optimising supportive care in an attempt to prevent life-threatening gastrointesti-
nal complications and related infections (Table  12.1 ).

   Table 12.1    Gastrointestinal complications of haematological therapy   

  Early onset <28 days    Management  
 GI mucositis  Chemotherapy/irradiation complicated by 

OVS or CoNS bacteraemia 
 Pain killers (morphine) and 
antibiotics 

 Oesophagitis  Chemotherapy  Antacids 

  Herpes simplex   Antiviral prophylaxis 

 Candida spp.  Antifungal therapy 

 Gastritis  Chemotherapy/irradiation  Antacids 

 Neutropenic 
enterocolitis 

 Multifactorial origin  Conservative approach 

 High risk of candidaemia and bacteraemia 
with  Clostridia  spp. and  Staph. aureus  

 Broad antimicrobial 
coverage 

  late onset >28 days    Management  
 GI mucositis  GVHD 

high risk of invasive fungal diseases 
 Start corticosteroids 
antifungal therapy 

 Colitis   Clostridium diffi cile   Metronidazole 

  CMV ,  adenovirus ,  H1N1   Antiviral treatment 

 Other opportunistic pathogens:  Targeted therapy 

  Cryptosporidium  spp .  

  Mucorales  spp .  

  Non - tuberculous mycobacteriae  spp .  
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  13      Central Nervous System Infections 

             Martin     Schmidt-Hieber    

13.1            General Aspects of CNS Infections in Hematology 
Patients 

13.1.1     Introduction 

 The fi rst part of this chapter provides an overview that covers general aspects of 
central nervous system (CNS) infections in hematology patients, while the second 
part discusses selected causative organisms in detail. Noteworthy is the scarcity of 
data on CNS infections in hematology patients. Thus, diagnostic and therapeutic 
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recommendations may be based on studies performed mainly in non- 
immunocompromised patients or those with acquired immunodefi ciency syndrome 
(AIDS).  

13.1.2     Epidemiology and Causative Organisms 

 Only limited data are available on the general epidemiology of CNS infections in 
hematology patients, and most analyses focus on specifi c patient cohorts such as 
patients after allogeneic stem cell transplantation (AlloSCT) or selected causative 
organisms (e.g., fungi or viruses). AlloSCT patients are among those at highest risk 
for infection and have a 1–15 % incidence of CNS infection [ 14 ,  32 ,  60 ]. 

  Aspergillus  spp. and  Toxoplasma gondii  are among the most frequent causative 
organisms of CNS infections in hematology patients, though the spectrum of organ-
isms may vary considerably according to the underlying disease (including its treat-
ment), geographical conditions, and other parameters. For example,  Toxoplasma 
gondii  has been identifi ed as the leading causative agent of CNS infections among 
AlloSCT patients in Europe, whereas fungal CNS infections seem to prevail in 
North America [ 14 ,  20 ,  32 ]. The higher  Toxoplasma gondii  seroprevalence in 
Europe than in North America might explain this observation [ 73 ].  In vivo  T cell 
depletion with agents such as alemtuzumab or OKT-3 prior to AlloSCT may enhance 
the risk of viral CNS infections [ 54 ,  69 ]. Invasive mucormycosis is a rare opportu-
nistic infection that can directly invade the CNS from adjacent regions like the 
sinuses and should be considered particularly in patients with uncontrolled diabetes 
mellitus [ 6 ,  47 ]. Bacterial CNS infections are seldom seen in hematology patients 
but occur more often in conjunction with neurological malignancies or neurosurgi-
cal interventions [ 48 ,  59 ]. In addition, parasitic CNS infections (e.g., malaria, 
microsporidiosis, leishmaniasis, or trypanosomiasis) or CNS infections caused by 
other rare organisms such as West Nile virus have to be considered in some geo-
graphic areas [ 43 ,  70 ].  

13.1.3     Clinical Symptoms 

 Two major types of cerebral infections can be distinguished according to clinical 
presentation and neuroimaging fi ndings: localized parenchymatous infections such 
as abscesses or strokes and diffuse (meningo)encephalitis. The former typically 
presents with focal neurological symptoms like pareses and the latter with head-
ache, nuchal rigidity, and consciousness alterations. However, clinical manifesta-
tions are frequently unspecifi c, particularly in immunocompromised patients, and 
may include both types of symptoms [ 48 ]. Neurological symptoms of CNS infec-
tions may initially be attenuated in patients who receive immunosuppressive treat-
ment; they may also be mimicked by other conditions such as side effects of drugs 
(e.g., cyclosporine), cranial irradiation, metabolic disturbances, or CNS affection by 
the underlying malignancy.  
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13.1.4     Diagnostic Procedures 

 Defi nitive diagnosis of CNS infections still remains a major challenge in hematology 
patients and is often achieved only at autopsy. Diagnostic procedures may follow the 
algorithm depicted in Fig.  13.1 . Any patient with suspected CNS infection should 

Criteria for
sterotactic brain

biopsy not
fulfilledb

Might be considered in
addition to stereotactic biopsy

in selected cases 

Clinical symptoms indicative of CNS infection (e.g.,
paresis, fever, signs of meningitis) 

Imaging of the neurocraniuma: MRI (if readily available),
otherwise CT (usually followed by MRI as soon as possible)  

Imaging techniques (MRI and/or CT
scan) showing focal, parenchymatous

abnormalities (e.g., brain abscess) 

Stereotactic brain biopsy followed
by identification and resistance
testing of potential causative

organisms (if technically possible
and contraindications are absent)

Analysis of CSF including cell
count, cell differentiation, Gram

staining, measurement of glucose
and protein concentration, cultures
(e.g., bacterial and fungal cultures)

and PCR analyses (e.g., herpes
virus detection) 

Empirical/preemptive treatment:
Imaging results and CSF analyses indicative of: 

• bacterial CNS infection (e.g., abscess and/or
neutrophil pleocytosis): 3rd generation 
cephalosporinc +/− ampicillin +/− vancomycin (see
text) or one of the combinations specified in Table
13.2 if Nocardia spp. are suspected 

• fungal CNS infection (e.g., abscess or infarction):
voriconazole 

• neurotoxoplasmosis (e.g., ring enhancement): one
of the treatment modalities specified in Table 13.2 

Directed treatment:
Should be initiated immediately after isolation of a (potential) causative

organism and follow the recommendations specified in Table 13.2

Empirical/preemptive
treatment:

• 3rd generation
cephalosporinc +/−
ampicillin +/−
vancomycin (see text) +/−
acyclovir (if viral
encephalitis is suspected)

Imaging techniques (MRI and/or CT
scan) showing no focal abnormalities

amay be preceded by routine peripheral blood analysis (e.g., white blood count, clotting parameters and 
C-reactive protein). bfurther diagnostic procedures such as open brain biopsy or single photon emission 
computed tomography (SPECT) may be considered in selected cases. cceftriaxone or cefotaxime. 
CNS central nervous system, CSF cerebrospinal fluid, CT computed tomographie, MRI magnetic
resonance imaging, PCR polymerase chain reaction.

  Fig. 13.1    Algorithm to diagnose and to treat empirically/preemptively CNS infections in hema-
tology patients       
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undergo neuroimaging as soon as possible. Magnetic resonance imaging (MRI) should 
be preferred, since studies have shown that a standard computed tomography (CT) scan 
may fail to demonstrate even severe cerebral involvement in conjunction with several 
CNS infections like human herpes virus-6 (HHV-6) encephalitis or neurotoxoplasmosis 
[ 38 ,  71 ]. Several reports have indicated that special MRI sequences such as diffusion-
weighted imaging, apparent diffusion coeffi cient maps, perfusion- weighted imaging, 
and magnetic resonance spectroscopy may enhance the ability of standard MRI to 
detect CNS infections and distinguish them from other CNS abnormalities [ 8 ,  35 ].  

 Lumbar puncture and cerebrospinal fl uid (CSF) analysis should follow the algo-
rithm in Fig.  13.1  and are generally performed after neuroimaging in the absence of 
contraindications such as transfusion-refractory thrombocytopenia or critically 
increased intracranial pressure. Routine CSF analyses should be performed accord-
ing to published guidelines and include the differential cell count, determination of 
the glucose and protein concentration, Gram staining, and bacterial cultures [ 13 ]. 
Additional CSF examinations such as specifi c PCR assays or India ink smears are 
useful in some situations (see below, also Table  13.1 ). The aim is to make an 

       Table 13.1    Recommended examinations of biopsy material or CSF to diagnose CNS infections 
caused by fungi,  Toxoplasma gondii , or viruses in hematology patients   

 Causative organism  Recommended diagnostic examinations 

 Fungi   Aspergillus  spp.  Biopsy material 

    Fungal cultures and direct microscopy 

 CSF ( Aspergillus meningitis ) 

    Detection of  Aspergillus  DNA (PCR) or 
galactomannan (ELISA) (if feasible) 

  Candida  spp.  Biopsy material 

     Fungal cultures and direct microscopy  

 CSF 

    Fungal cultures (sensitivity about 40–80 %) and direct 
microscopy (sensitivity about 40 %) a  

    Enzyme immunoassay formats for rapid detection of 
species-specifi c amplicons and the use of real-time 
PCR (if feasible) 

    Detection of  Candida  antigen mannan (if feasible) 

  Cryptococcus 
neoformans  

 Biopsy material 

    Direct microscopy (e.g., after PAS or H&E staining) 

 CSF 

    Fungal cultures (sensitivity and specifi city up to 
90–100 %) 

    India ink smear examination (sensitivity 50–94 %), 
latex antigen test (sensitivity and specifi city up to 
100 %), and PCR (sensitivity and specifi city nearly 
100 %) 

  Zygomycetes   Biopsy material 

    Fungal cultures and direct microscopy 

    Molecular-based tests (if feasible) 
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Table 13.1 (continued)

 Causative organism  Recommended diagnostic examinations 

 Parasites   Toxoplasma gondii   Biopsy material or CSF 

    Demonstration of tachyzoites and/or cysts after 
Wright-Giemsa and/or immunoperoxidase staining 
(can also be done after mouse inoculation or tissue 
cultures) 

 CSF 

    PCR (sensitivity about 50–90 %; specifi city 
90–100 %) 

    Serological investigations (ELISA is more sensitive 
than latex agglutination test) 

 Viruses b   HHV-6  CSF 

    PCR (sensitivity above 95 %, PCR in CSF can be 
positive without evidence of HHV-6 encephalitis in 
brain biopsy or autopsy specimens) 

 EBV (virus 
encephalitis) 

 CSF 

    PCR (can be combined with serological techniques) 

 HSV  CSF 

    PCR (sensitivity and specifi city 90–100 % compared 
to brain biopsy) 

    Immunoassays for intrathecal anti-HSV antibody 
production 

 CMV  CSF 

    PCR (sensitivity 82–100 %; specifi city 86–100 %; 
PCR results may be confi rmed by cultures) 

 VZV  CSF 

    PCR (sensitivity 80–95 %, specifi city >95 %; copy 
number in real-time PCR may correlate with the 
clinical severity of encephalitis) 

    Sensitivity of PCR might be enhanced by serological 
tests (e.g., detection of CSF VZV IgM) 

 JC virus (PML)  Biopsy 

    Required for defi nitive diagnosis: demonstration of the 
typical histopathologic triad (demyelination, bizarre 
astrocytes, and enlarged oligodendroglial nuclei), 
might be combined with tissue JC virus PCR 

 CSF 

    PCR (sensitivity 75–100 %), might be false positive 
(e.g., due to JC virus viremia in healthy individuals) 

  Obtical brighteners such as Calcofl uor White or Blankophor and silver staining are recommended 
for staining of tissue samples whenever fungal infection is suspected 
  CMV  cytomegalovirus,  EBV  Epstein-Barr virus,  ELISA  Enzyme-linked Immunosorbent Assay, 
 H&E  hematoxylin and eosin,  HHV-6  human herpesvirus-6,  HSV  herpes simplex virus,  PAS  peri-
odic acid Schiff,  PML  progressive multifocal leukoencephalopathy,  VZV  varicella-zoster virus 
  a Sensitivity of  Candida  isolation in CSF can be improved by (1) culturing a large CSF volume (at 
least 5 mL), (2) analyzing ventricular CSF, (3) performing CSF centrifugation or using submicron 
fi lters, and (4) inoculating CSF into enriched liquid medium 
  b In some cases stereotactic or open brain biopsy followed by immunohistochemistry studies might 
be required to achieve the defi nitive diagnosis  
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unambiguous diagnosis of CNS infections, but this cannot always be achieved by 
the combination of clinical symptoms, CSF analyses, and neuroimaging. In patients 
with focal lesions, biopsy (e.g., stereotactic) and/or neurosurgical interventions 
(e.g., abscess drainage or resection of lesions) should therefore be considered as 
modalities for identifying causative organisms and determining their  in vitro  sus-
ceptibilities in individual patients [ 72 ].

13.1.5        Treatment 

 Efforts should always be directed towards identifying a causative organism and test-
ing its susceptibility prior to the initiation of anti-infective drug therapy. Empirical 
or preemptive anti-infective drug therapy should typically be started immediately, 
as long as the causative pathogen has not yet been identifi ed, since treatment delay 
may increase the mortality rate [ 65 ,  66 ]. Figure  13.1  specifi es empirical or preemp-
tive anti-infective drug regimens for different suspected organisms, while Table  13.2  
summarizes recommendations for anti-infective drug therapy of defi ned CNS infec-
tions, including categories of evidence [ 28 ,  53 ].

   However, other measures can be applied in addition to anti-infective drug ther-
apy in some situations. For example, a signifi cant increase in survival has been 
achieved by combined neurosurgical and voriconazole treatment in patients with 
cerebral aspergillosis [ 55 ]. Indwelling CNS devices should always be removed in 
patients with suspected or proven CNS  Candida  infections [ 33 ]. A placebo- 
controlled trial demonstrated improved outcome in adult bacterial meningitis 
patients, who received concomitant glucocorticoid therapy, but this could not be 
confi rmed by a more recently published meta-analysis [ 12 ,  68 ]. Concomitant ther-
apy with voriconazole and glucocorticoids has also been successfully used in the 
treatment of CNS aspergillosis [ 24 ]. However, adjunctive glucocorticoid therapy 
cannot be generally recommended in hematology patients with CNS infections, 
since data on this approach are still limited and were mainly acquired in immuno-
competent hosts.   

13.2     CNS Infections Related to Specific Causative Agents 

13.2.1     Fungi 

 Though rarely associated with CNS infections in non-immunocompromised hosts, 
fungi are among the most common causative agents in hematology patients, particu-
larly after AlloSCT or in conjunction with neutropenia. The predominant fungal 
pathogens are  Aspergillus  spp., mainly  A. fumigatus  and less frequently other spe-
cies such as  A. nidulans ,  A. terreus , and  A. fl avus , whereas  Candida  spp. and 
 Cryptococcus neoformans  are only occasionally detected in these patients [ 20 ,  39 , 
 55 ]. Patients with CNS aspergillosis typically present with persistent fever, altered 
mental status, and focal neurological symptoms. MRI may reveal areas consistent 
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        Table 13.2    Anti-infective drug therapy recommended for selected CNS infections in hematology 
patients   

 Causative organism  Recommended therapy 

 Fungi   Aspergillus  spp.  Voriconazole (6 mg/kg q12h for the fi rst 24 h, then 
4 mg/kg q12h) [A II] 

  Alternative  

 Liposomal amphotericin B (3–5 mg/kg/d) or ABLC 
(5 mg/kg/d) [B III] 

  Candida  spp.  Voriconazole (6 mg/kg q12h for the fi rst 24 h, then 
4 mg/kg q12h) [BIII] 

  Alternative  

 Liposomal amphotericin B (3–4 mg/kg/d) or ABLC 
(5 mg/kg/d) [B III] 

  Cryptococcus 
neoformans  

 Liposomal amphotericin B (3–4 mg/kg/d) + 
5-fl uorocytosine (25 mg/kg q6h) [A III] a  

  Alternative  

 Liposomal amphotericin B (3–5 mg/kg/d) [B I] or 
ABLC (5 mg/kg/d) [B III] or 

 Amphotericin B deoxycholate (0.7 mg/kg/d) + 
5-fl uorocytosine (25 mg/kg q6h) [B I] or 

 Voriconazole (6 mg/kg q12h for the fi rst 24 h, then 
4 mg/kg q12h) [B III] 

 Zygomycetes  Liposomal amphotericin B (3–5 mg/kg/d) [A II] or 
ABLC (5 mg/kg/d) [B III] 

  Alternative  

 Posaconazole (orally, 400 mg q12h or 200 mg q6h) 
[C III] 

 Parasites   Toxoplasma gondii   Pyrimethamine (orally, 100 mg load then 50 mg/d) b  + 
sulfadiazine (orally, 50 mg/kg/d) [A I] c  

  Alternative  

 Pyrimethamine (orally, 100 mg load then 50 mg/d) b  + 
clindamycin (600 mg q6h) d  [B II] c  or 

 Trimethoprim/sulfamethoxazole (orally or 
intravenously, 10 mg/kg/d and 50 mg/kg/d) [B II] c  

 Viruses  HHV-6  Ganciclovir (5 mg/kg q12h) [B III] or foscarnet (60 mg/
kg q8h) [B III] e  

 EBV (virus 
encephalitis) 

 No antiviral treatment [C III] or ganciclovir (5 mg/kg 
q12h) [C III] 

 Acyclovir is not recommended [D III] 

 HSV  Acyclovir (10 mg/kg q8h) [A I] 

 CMV  Ganciclovir (5 mg/kg q12h) or foscarnet (60 mg/kg q8h) 
as single agent [A III] or a combination of both [B III] 

 VZV  Acyclovir (10 mg/kg q8h) [A III] or ganciclovir 
(5 mg/kg q12h) [C III] 

 JC virus (PML)  Cidofovir is not recommended [D II] 
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with infarction, ring-enhanced lesions due to abscess formation, or dural or vascular 
infi ltration from adjacent regions (Fig.  13.2a ) [ 18 ]. CSF fungal cultures are typi-
cally negative for  Aspergillus  spp. but recent observations indicate that CSF galac-
tomanan or PCR assays might be useful tools to diagnose CNS aspergillosis in 
selected cases [ 2 ,  45 ,  58 ]. Defi nitive diagnosis of CNS aspergillosis frequently 
requires biopsy of lesions. Typical septate hyphae might be demonstrated after 
Grocott silver or H&E staining (Fig.  13.3 ).   

 Voriconazole should be preferred for CNS aspergillosis, since it has accept-
able CSF penetration and a relatively favorable overall response rate of 35 % 
[ 55 ]. Liposomal amphotericin B might be a second treatment option 
(Table  13.2 ). Conventional amphotericin B deoxycholate should not be used 

Table 13.2 (continued)

 Causative organism  Recommended therapy 

 Bacteria   Listeria 
monocytogenes  

 Ampicillin (2 g q4h) +/− aminoglycoside (for at least 
the fi rst 7–10 days) [B III] or meropenem (2 g q8h) [C 
III] 

  Pseudomonas  spp.  Ceftazidime (2 g q8h) +/− aminoglycoside [B III] or 

 Meropenem (2 g q8h) +/− aminoglycoside [C III] 

  Nocardia  spp.  Imipenem (0.5 g q6h) + amikacin (5 mg/kg q8h) [B III] f  
or 

 Trimethoprim/sulfamethoxazole (5–10 mg/kg q12h) g  + 
imipenem (0.5 g q6h) + amikacin (5 mg/kg q8h) [B 
III] f  or 

 Trimethoprim/sulfamethoxazole (5–10 mg/kg q12h) g  + 
ceftriaxone (2 g/d) + amikacin (5 mg/kg q8h) 
[B III] f  

 MSSA  Oxacillin (1.5–2 g q4h) [B III] or nafcillin (1.5–2 g 
q4h) [B III] or meropenem (2 g q8h) [B III] 

 MRSA  Vancomycin (0.5 g q6h or 1.0 g q12h) [B III] or 
linezolid (0.6 g q12h) [B III] 

  Evidence level and strength of recommendation are given in parenthesis. Treatment should com-
monly be started intravenously if not otherwise be specifi ed. Possible contraindications or dosage 
adjustments, as in the case of renal insuffi ciency, should follow recommendations specifi ed in the 
investigator’s brochure. Anti-infective treatment should be adjusted according to the results of 
 in vitro  susceptibility testing. Reversal of immunosuppression (e.g., following AlloSCT) should be 
aimed whenever possible 
  ABLC  amphotericin B lipid complex,  MSSA  methicillin-sensitive  S. aureus ,  MRSA  methicillin-
resistant  S. aureus  
  a For 2 weeks, followed by fl uconazole for at least 6 months 
  b Should be combined with folinic acid 
  c For 4–6 weeks, then half of the original dosage as maintenance therapy for 3 months 
  d Can be given intravenously for 3 weeks and then orally 
  e Or a combination of both agents 
  f Might be adjusted to oral monotherapy (e.g., trimethoprim/sulfamethoxazole) according to  in vitro  
susceptibility test results if the patient improves 
  g Referring to the trimethoprim component  
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anymore because of its unfavorable toxicity profile and inferior clinical effi-
cacy [ 23 ]. The prognosis of CNS aspergillosis is still poor in adults with a 
mortality of about 70 %, but more favorable in children with a mortality of 
about 40 % (after 1990) [ 15 ,  55 ]. 

  C. albicans  and recently also other  Candida  spp. such as  C. tropicalis  or  C. gla-
brata  may cause meningitis presenting with subacute onset and with fever and 
headache [ 33 ]. However,  Candida  spp. may also cause cerebral microabscesses and 
occasionally macroabscesses presenting with focal neurological signs. Since CT 
and CSF analysis are rarely diagnostic for  Candida  microabscesses, they are often 
only diagnosed at autopsy [ 50 ]. In patients with  Candida  meningitis, CT might 
show hydrocephalus, and yeasts can be detected in the CSF in about 40 % by direct 

a b dc

  Fig. 13.2    Cranial MRI images illustrating typical abnormalities of different CNS infections in 
hematology patients. Shown are T1-weighted sequences after intravenous application of con-
trast medium ( a ,  c ) and dark fl uid sequences ( b ,  d ). ( a ) CNS aspergillosis with a partially liquid 
lesion in the right temporal lobe surrounded by pronounced edema. ( b ) CNS mucormycosis 
with a large, frontobasal lesion and perifocal edema. ( c ) Neurotoxoplasmosis with multiple 
punctual and ring-confi gured hyperintense lesions in the cerebellum, basal ganglia, and corti-
cal, subcortical, and subependymal regions. ( d ) Hyperintense laminar lesions with right fronto-
temporal preponderance in a patient with herpes encephalitis (The MRI images were kindly 
provided by W. Grassl, Clinic for Radiology and Nuclear Medicine, Charité Campus Benjamin 
Franklin, Berlin, Germany)       

a b c

  Fig. 13.3    ( a ) Gross photograph of a coronal brain section showing multiple ill-defi ned lesions in 
the frontal lobe in a patient with cerebral aspergillosis. ( b ,  c ) Photomicrographs (original magnifi -
cation: ×200) show septate hyphae diffusely scattered throughout these lesions (Grocott silver 
stain ( b ) and H&E staining ( c )) (The photographs were kindly provided by W. Stenzel, Department 
of Neuropathology, Charité Campus Mitte, Berlin, Germany)       
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microscopy and in about 80 % by fungal cultures (Table  13.1 ) [ 50 ,  53 ]. Despite the 
lack of systematic data comparing MRI and CT in the diagnosis of  Candida  CNS 
infections, MRI is considered more sensitive and should thus be preferred. New 
techniques such as the PCR or detection of the  Candida  antigen mannan in the CSF 
might also be useful and are currently being further evaluated [ 3 ,  53 ].  Candida  CNS 
infection might respond to voriconazole or liposomal amphotericin B, but only lim-
ited (mainly preclinical) data are available on their use in the treatment of  Candida  
CNS infections [ 31 ,  51 ]. 

  Cryptococcus neoformans  typically causes meningitis. In hematology patients, it 
may present with acute or subacute onset and atypical symptoms, including fever, 
confusion, headache, or diplopia [ 39 ]. MRI may reveal signs of meningitis, dilated 
Virchow-Robin spaces, cyst-like structures, and granuloma of the choroid plexus [ 1 , 
 62 ]. The diagnosis can be made in most cases by CSF fungal cultures, PCR analysis, 
and India ink smear microscopy (Table  13.1 ) [ 49 ]. Treatment of cryptococcal men-
ingitis can comprise a combination of amphotericin B deoxycholate (preferentially 
as continuous infusion) and 5-fl uorocytosine (Table  13.2 ) [ 4 ,  16 ,  41 ]. However, 
liposomal amphotericin B or voriconazole also seem to be useful treatment options 
since these two agents may have a better toxicity profi le than amphotericin B deoxy-
cholate [ 5 ,  9 ,  22 ,  25 ,  30 ,  41 ]. 

 Mucormycosis is a rare opportunistic infection caused by  Zygomycetes . The 
most frequent species include  Absidia corymbifera ,  Rhizopus  spp. and 
 Apophysomyces elegans , but the spectrum shows geographic variations [ 6 ,  47 ]. It 
affects mainly the lungs and more rarely the soft tissue or the rhino-sinu-orbital 
region; the brain is involved in about 15 % of cases [ 47 ]. The rhinocerebral type 
typically presents with facial pain and swelling. Though this disease is often sus-
pected initially from clinical appearance and imaging results (Fig.  13.2b ), the diag-
nosis should always be confi rmed by biopsy. Liposomal amphotericin B now 
seems to be the most active anti-infective agent for invasive mucormycosis 
(Table  13.2 ) [ 10 ,  40 ,  47 ,  56 ,  61 ]. Preliminary data further suggest that a combina-
tion of (liposomal) amphotericin B and caspofungin might be useful to treat inva-
sive [ 10 ,  27 ,  44 ]. 

 Posaconazole can be used in the case of intolerance, contraindications, or unre-
sponsiveness to liposomal amphotericin B [ 10 ,  19 ]. However, it should be noted that 
this agent has poor CSF penetration, at least if the blood-CSF barrier is intact, and 
that breakthrough mucormycosis has been reported under posaconazole prophy-
laxis [ 47 ]. In addition, surgical debridement and correction of uncontrolled diabetes 
mellitus should always be considered in patients with invasive mucormycosis, since 
both these measures might improve clinical outcome [ 6 ,  10 ,  40 ,  61 ].  

13.2.2     Parasites 

 Only neurotoxoplasmosis, one of the most frequent types of CNS infections in 
hematology patients, will be presented here in detail. Most data on neurotoxoplas-
mosis have been acquired in AIDS patients, and there have thus far been few reports 
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on CNS infection by  Toxoplasma gondii  in hematology patients [ 17 ,  34 ,  37 ,  46 ,  52 , 
 57 ]. Common clinical symptoms of neurotoxoplasmosis after AlloSCT include psy-
chiatric abnormalities, seizures, and paresis [ 46 ]. MRI typically shows multiple 
lesions located in basal ganglia and subcortically located in supra- and infratentorial 
regions (Fig.  13.2c ). However, typical nodular or ring enhancement surrounded by 
edema is observed in only about 60 % of patients after AlloSCT [ 36 ]. The diagnosis 
of neurotoxoplasmosis is also based on the detection of tachyzoites and/or cysts in 
the CSF or tissue sections, cultures, CSF PCR analysis, and serological CSF studies 
(Table  13.1 ) [ 52 ]. Detection of IgM antibodies in CSF is of negligible value in the 
diagnosis of neurotoxoplasmosis [ 7 ]. Neurotoxoplasmosis should primarily be 
treated with a combination of pyrimethamine and sulfadiazine or, alternatively, with 
a combination of pyrimethamine and clindamycin or the fi xed combination 
trimethoprim- sulfamethoxazole [ 11 ,  26 ,  63 ]. However, it should be noted that these 
recommendations are based on trials performed in AIDS patients with neurotoxo-
plasmosis. AlloSCT recipients have received various combinations of these agents, 
and treatment was effi cient in some of them [ 21 ]. The mortality of neurotoxoplas-
mosis in AlloSCT recipients is still high at 60–90 % [ 37 ,  46 ,  52 ].  

13.2.3     Viruses 

 Hematology patients develop viral CNS infections mainly after AlloSCT or sec-
ondary to intensive T cell immunosuppressive treatment, e.g., with fl udarabine or 
alemtuzumab. Viral encephalitis is observed in up to 12 % of AlloSCT recipients 
after  in vivo  T cell depletion with agents such as alemtuzumab or OKT-3 [ 54 ,  69 ]. 
Viral CNS infection after AlloSCT is most often caused by HHV-6 and less fre-
quently by Epstein-Barr virus (EBV), herpes simplex virus (HSV), JC virus (pro-
gressive multifocal leukoencephalopathy (PML)), varicella-zoster virus (VZV), 
cytomegalovirus (CMV), or adenovirus. More than one virus can be detected in the 
CSF in about 15 % of AlloSCT recipients with viral encephalitis [ 54 ]. Viral CNS 
infections present mainly as (meningo)encephalitis but also as strokes (e.g., VZV 
infection), leukoencephalopathy (e.g., JC virus infection), or mass lesions (e.g., 
EBV-associated lymphoma) [ 42 ]. Typical clinical symptoms are consciousness 
disturbances, personality changes, fever, seizures, and pareses. The method of 
choice for diagnosing viral encephalitis is PCR on CSF samples, which provides 
80–100 % sensitivity and specifi city for the majority of viral pathogens (Table  13.1 ). 
However, a systematic comparison of CSF virus PCR and brain biopsy, the former 
reference standard of viral encephalitis, has only been conducted for selected 
viruses such as HSV, while valid data on diagnosis of viral encephalitis in hematol-
ogy patients are still lacking [ 29 ]. CSF analysis frequently reveals lymphocytic 
pleocytosis and a slightly elevated protein concentration, but the CSF cell count 
and the protein concentration may both be normal in about 50 % of AlloSCT recip-
ients [ 54 ]. Viral encephalitis can often be diagnosed by the combination of clinical 
symptoms, neuroimaging results (Fig.  13.2d ), and CSF PCR, but some cases 
require stereotactic or even open brain biopsy (e.g., PML or EBV-associated 
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lymphoma) to achieve the defi nitive diagnosis [ 64 ]. Recommendations for antiviral 
treatment are summarized in Table  13.2 . Despite the poor overall prognosis of viral 
encephalitis with a median survival of 94 days after onset in AlloSCT recipients, it 
should be noted that a more favorable outcome may be achieved for selected caus-
ative viruses such as HSV [ 54 ].  

13.2.4     Bacteria 

 Compared to fungal CNS infections and neurotoxoplasmosis, bacterial CNS infec-
tions are generally rare in hematology patients, including AlloSCT recipients. 
However, they occur occasionally in selected subgroups of patients such as those who 
have undergone neurosurgical interventions or suffer from CNS malignancies [ 48 , 
 59 ]. Bacterial meningitis can be caused in immunocompetent as well as immunocom-
promised patients by bacteria such as  Neisseria meningitidis ,  S. pneumoniae ,  Listeria  
spp.,  Enterobacteriaceae ,  Pseudomonas  spp., and  Staphylococcus  spp. A shift towards 
Gram-positive cocci, particularly  S. aureus  and coagulase-negative  Staphylococcus  
spp., has recently been reported in cancer patients with bacterial encephalitis [ 48 ]. 
However, bacterial brain abscesses caused by  S. aureus ,  Nocardia  spp., and  Bacteroides  
have been reported in these patients as well. Common clinical symptoms of bacterial 
meningitis in cancer patients are fever, headache (in about 50 % each), an altered 
mental status (in about 35 %), focal neurological defi cits, and nuchal rigidity (in about 
15 % each). Noteworthy is the fact that the triad of fever, nuchal rigidity, and altered 
mental status, characteristic for bacterial meningitis in non-immunocompromised 
hosts, seems to have a much lower incidence (approximately 5 %) in patients with 
malignancies [ 48 ]. Diagnosis is based on imaging techniques and CSF analysis. 
Whenever possible, CSF analysis should precede the initiation of antibiotic treatment, 
since Gram staining and CSF cultures are less frequently positive thereafter [ 66 ]. 
About 75 % of cancer patients with bacterial encephalitis have an elevated CSF cell 
count with polymorphonuclear preponderance [ 66 ]. The abovementioned analysis 
disclosed a median CSF white blood cell count of only 74 cells/μl in cancer patients, 
though it is ≥100 cells/μl in more than 90 % of non-immunocompromised patients 
with bacterial meningitis [ 48 ,  67 ]. The CSF might be only unspecifi cally altered in the 
case of bacterial brain abscesses, and defi nitive diagnosis may require brain biopsy. 
Empirical or defi nitive treatment of bacterial meningitis should be initiated immedi-
ately and should follow the recommendations specifi ed in Table  13.2  and Fig.  13.1 . 
For empirical therapy of purulent meningitis, the Infectious Disease Society of 
America (IDSA) recommends a combination of vancomycin, a third-generation ceph-
alosporin, and ampicillin for patients over 50 years and vancomycin combined with a 
third-generation cephalosporin in patients aged 2–50 years, provided that  Listeria 
monocytogenes  is not suspected (Fig.  13.1 ) [ 65 ].      
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      Antibacterial Agents 

                Winfried V.     Kern    

        Traditionally, antipseudomonal penicillins combined with an aminoglycoside have 
been the standard choice for the initial therapy of fever and neutropenia [ 42 ,  87 ]. 
These regimens were covering primarily  Enterobacteriaceae ,  Pseudomonas aerugi-
nosa , and streptococci. The activity of the former antipseudomonal penicillins (such 
as carbenicillin, cefsulodin, azlocillin, and ticarcillin) against many Gram-negative 
rods was, however, rather limited, and the addition of an aminoglycoside was 
needed to compensate for this limited activity. In the 1980s, ceftazidime was one of 
the fi rst drugs studied as monotherapy in febrile neutropenia. It was more active 
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in vitro against  P. aeruginosa  than most of the penicillins and highly active against 
 Escherichia coli  and  Klebsiella  species. 

 The development of new effective and well-tolerated drugs such as the carbapen-
ems and the problems of emerging resistance among bacterial pathogens in criti-
cally ill patients including patients with neutropenia have broadened the spectrum 
of antibacterial drugs and drug regimens used and needed in febrile neutropenic 
patients. Today, piperacillin-tazobactam or meropenem are very (if not the most) 
common drugs used for initial therapy in patients with infection and cancer [ 23 ,  30 , 
 77 ,  86 ,  113 ]. Targeted therapy with narrow-spectrum drugs such as vancomycin or 
linezolid may still be needed and/or be benefi cial in the setting of proven infection, 
and the prescription of unconventional drugs and drug combinations including older 
agents may be necessary in patients with infection due to multidrug-resistant organ-
isms that have now become quite common in cancer hospitals throughout the world. 
The present chapter describes the most important features of the most commonly 
used and needed antibacterial drugs for the treatment of fever and bacterial infection 
in patients with neutropenia. 

14.1     Betalactam Antibiotics 

 Betalactam antibiotics exhibit time-dependent antibacterial activity [ 76 ]. Drug con-
centrations need to be maintained for some time above the minimum inhibitory 
concentration (MIC) of pathogenic bacteria. For bactericidal activity, the fraction of 
the dosing interval during which the free (unbound) betalactam drug concentration 
is above (i.e., two to four times greater than) the bacterial MIC (fT > MIC) should 
be at least 40–50 %. In a clinical study of febrile neutropenic patients treated with 
meropenem, a calculated T > MIC of 83 % was found in responders, while those 
with a poor clinical response had a T > MIC of only 60 % [ 3 ]. Vice versa, neutrope-
nic patients given broad-spectrum cephalosporins with a T > MIC of 100 % had 
better clinical and microbiological outcomes than patients with shorter T > MIC 
[ 81 ]. Simulation experiments with betalactams with short half-lives and clinical 
observations have shown that extended and continuous infusion dosing regimens 
are superior compared with bolus or short infusion dosing in achieving the recom-
mended pharmacodynamic targets against most Gram-negative pathogens, in par-
ticular against less susceptible  P. aeruginosa ,  Acinetobacter  species, and  Klebsiella  
species [ 22 ,  27 ,  57 – 59 ,  81 ,  103 ]. 

 Table  14.1  shows how the probabilities of pharmacodynamic target attainment 
ratios will depend on the MIC of the causative organism, the infusion times with 
intermittent dosing versus extended/continuous infusion, and the total daily dose. 
As a rule, the less susceptible the microorganism is and the more critically ill or 
immunodefi cient the patient is, the more is optimal dosing with higher total daily 
doses and extended infusion times benefi cial and required [ 72 ,  103 ]. Conversely, in 
a patient with documented infection due to a highly susceptible microorganism, the 
total daily dose of a betalactam and/or infusion times can often be reduced without 
losing therapeutic effi cacy. These pharmacokinetic/pharmacodynamic properties of 
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betalactams are different from those of a number of other antibacterial drug classes 
and need to be considered in medical practice. Table  14.2  shows commonly used 
daily doses for selected betalactams and their plasma half-life and chemical stability 
at room temperature which are relevant for extended infusion regimens.

    Most betalactams are hydrophilic antibiotics with small distribution volumes 
similar to extracellular water. Tissue concentrations are usually not higher than 
plasma concentrations and largely depend on protein binding. Most studies in the 

   Table 14.1    Comparison of pharmacokinetic-pharmacodynamic target attainment probabilities 
by dosing regimen, duration of infusion, and MIC   

 Dosing regimen 

 Duration 
of infusion 
(h) 

 MIC 
(μg/
mL) 

 Probability of patients achieving a target T > MIC of 

 30 %  35 %  40 %  45 % 

 500 mg every 
8 h 

 1/2/3  1  100/100/100  100/100/100  100/100/100  99/100/100 

 500 mg every 
8 h 

 1/2/3  2  100/100/100  99/100/100  77/100/100  25/90/100 

 1,000 mg 
every 12 h 

 4/5/6  4  100/100/100  100/100/100  92/100/100  23/96/100 

 1,000 mg 
every 8 h 

 1/2/3  4  100/100/100  99/100/100  77/100/100  25/90/100 

 1 g/2 g/3 g 
every 24 h 

 24  4  0/98/100  0/98/100  0/98/100  0/98/100 

 1,000 mg 
every 8 h 

 1/2/3  8  100/100/100  100/100/99  84/99/99  26/90/95 

 1 g/2 g/3 g 
every 24 h 

 24  8  0/0/46  0/0/46  0/0/46  0/0/46 

  The data are based on a doripenem population pharmacokinetic model with Monte Carlo simula-
tions (Adapted from Bhavnani et al [ 9 ]). Short infusions are worse than extended infusions, and 
continuous infusion (24 h) can be worse than intermittent extended infusion  

    Table 14.2    Commonly recommended standard and high doses (in adult patients with normal 
renal function) per day for selected betalactams and their plasma half-life and chemical stability at 
room temperature which are relevant for extended infusion regimens   

 Standard dose 
per day 

 High dose per 
day 

 Half- 
life  

 Chemical 
stability (at room 
temperature) 

 Commonly 
used extended 
infusion times 

 Flucloxacillin  2 g every 8 h  3 g every 6 h  1 h  24 h  4–6 h 

 Aztreonam  1 g every 12 h  2 g every 6 h  1.5 h  >24 h  4–8 h 

 Piperacillin- 
tazobactam  

 3/0.375 g 
every 6 h 

 4/0.5 g every 
6 h 

 1 h  24 h  4–6 h 

 Ceftazidime  1 g every 12 h  2 g every 8 h  2 h  24 h  4–8 h 

 Cefepime  1 g every 12 h  2 g every 8 h  2 h  24 h  4–8 h 

 Imipenem  0.5 g every 8 h  1 g every 6 h  1 h  3–4 h  3–4 h 

 Meropenem  0.5 g every 8 h  2 g every 8 h  1 h  4–8 h  3–4 h 

 Doripenem  0.5 g every 8 h  0.5 g every 6 h  1 h  4 h  3–4 h 
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fi eld indicate that the higher the protein binding is, the lower is the tissue 
 concentration. The ability to penetrate into various deep compartments differs for 
specifi c betalactams, depending on additional characteristics, notably physico-
chemical properties in relationship to tissue/cell binding and to drug carriers/active 
transporters across anatomical barriers. 

14.1.1     Piperacillin-Tazobactam 

 Piperacillin is an ureidopenicillin which, in the absence of a betalactamase inhibitor, 
is inactivated by most betalactamases which are now very common among various 
 Enterobacteriaceae . The distribution of MICs of the drug alone and in combination 
with tazobactam for  E. coli ,  K. pneumoniae , and  P. aeruginosa  is shown in Fig.  14.1 . 
As can be seen, piperacillin alone has limited activity against both  E. coli  and  K. 
pneumoniae . In the presence of tazobactam, the MICs of both  E. coli  and  Klebsiella  
are shifted to the “susceptible” range, while the addition of tazobactam does less 
alter the distribution of piperacillin MICs against  P. aeruginosa  [ 35 ]. The activity of 
the drug combination is better than that of ticarcillin-clavulanic acid which is still 
marketed in many countries (Table  14.3 ). Most  A. baumannii  and  Stenotrophomonas 
maltophilia , however, are resistant to piperacillin-tazobactam [ 35 ].

     Depending on the particular type(s) of extended-spectrum betalactamase (ESBL) 
enzyme(s), the drug is also quite active in vitro against ESBL-positive 
 Enterobacteriaceae , and good clinical responses with the drug have been observed 
in bacteremic infection due to ESBL-positive  E. coli  if the MIC was <8 μg/mL [ 96 ]. 
Interestingly, in such cases amoxicillin-clavulanic acid (if tested susceptible) may 
be even more active due to the fact that clavulanic acid binds much more tightly to 
the ESBL enzyme than tazobactam (and sulbactam) – hence the designation “sui-
cide” betalactamase inhibitor for clavulanic acid [ 31 ]. 

 The antibacterial activity of piperacillin includes ampicillin-susceptible 
 Enterococcus  species, streptococci (including  Streptococcus pneumoniae ), and – if 
combined with tazobactam or other betalactamase inhibitors – many anaerobes and 
methicillin-susceptible staphylococci. For targeted therapy of proven staphylococ-
cal infections, however, oxacillin and derivatives (in the case of methicillin- 
susceptible  S. aureus ) are superior. 

 Piperacillin-tazobactam is marketed as fi xed combination formulation with 
2/0.25 g, 3/0.375 g, and 4/0.5 g. In many countries a dose of 4/0.5 g every 6–8 h is 
the recommended daily dosage in adults with normal renal function. After a single 
dose of 4 g of piperacillin, peak plasma concentrations are in the range of 300–400 μg/
mL. The half-life of piperacillin is approximately 1 h. The plasma concentration 6 h 
after short (~30 min) infusion is usually <2 μg/mL. The breakpoint for resistance 
according to EUCAST ( European Committee on Antimicrobial Susceptibility 
Testing ,   www.eucast.org    ) is >16 μg/mL. The drug is stable for 24 h at room tem-
perature [ 95 ,  112 ]. Extended infusion times including 24 h of continuous infusion 
are possible and safe. We recommend intermittent administration with extended 
infusion for 4–6 h. 
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E. coli

K. pneumoniae

P. aeruginosa

Piperacillin-
Tazobactan
Piperacillin

Piperacillin-
Tazobactan
Piperacillin

Piperacillin-
Tazobactan
Piperacillin

  Fig. 14.1    The distribution of 
MICs of the piperacillin with 
and without tazobactam for 
 E. coli ,  K. pneumoniae , and 
 P. aeruginosa  (Data are from 
EUCAST [ 35 ]). The  green 
line  indicates the breakpoint 
for susceptibility. The  red 
line  indicates the breakpoint 
for resistance       
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 The effi cacy of initial monotherapy with piperacillin-tazobactam in patients with 
fever and neutropenia has been demonstrated in several clinical trials including a 
large double-blind trial from Italy in which the drug was compared with the initial 
combination of piperacillin-tazobactam plus amikacin [ 30 ].  

14.1.2     Ceftazidime 

 Ceftazidime was the fi rst antipseudomonal cephalosporin with excellent activity 
also against most  Enterobacteriaceae . The drug was extensively evaluated in clini-
cal trials in patients with fever and neutropenia [ 29 ,  36 ,  43 ,  49 ,  88 ,  89 ]. Typically, 
the MIC for susceptible  P. aeruginosa  is 1–4 μg/mL while the MIC for non-ESBL- 
positive  E. coli  and  Klebsiella  is in the order of 0.1–0.2 μg/mL [ 35 ]. The activity of 
ceftazidime against streptococci (including pneumococci) is somewhat lower than 
that of cefotaxime/ceftriaxone and of cefepime (MICs, ~0.25 versus <0.1 μg/mL). 
Similarly, the drug has more limited activity against methicillin-susceptible staphy-
lococci compared with cefotaxime/ceftriaxone and cefepime (MICs, ~4 versus 
~2 μg/mL) and is not recommended as targeted therapy in proven infections due to 
staphylococci or streptococci. 

 After intravenous infusion of 1 and 2 g doses of ceftazidime over 20–30 min 
in volunteers, peak plasma concentrations of ~70–100 and 120–180 μg/mL, 
respectively, are achieved. The half-life is approximately 2 h, and less than 
10 % of the drug is protein bound. Elimination is almost completely by the 
renal route. Continuous infusion (6 g per day in patients with normal renal 
function) yields steady-state plasma concentrations of 30–50 μg/mL. Some 
centers use continuous infusion of 4 g per day (after an initial 2 g loading dose) 
[ 34 ,  88 ]. 

 Pivotal trials of ceftazidime monotherapy in patients with fever and neutropenia 
have been published in the early to mid 1980s and established the effi cacy and non- 
inferiority of ceftazidime versus cephalothin plus gentamicin plus carbenicillin, 
ceftazidime plus fl ucloxacillin, or piperacillin or azlocillin each plus an aminogly-
coside [ 29 ,  36 ,  49 ,  89 ], and a large clinical trial reported equal effi cacy of  ceftazidime 
monotherapy compared with imipenem [ 43 ]. 

   Table 14.3    Comparison of rates of resistance (in %) to betalactam versus betalactam/betalacta-
mase inhibitor combinations according to EUCAST [ 35 ]   

  E. coli    K. pneumoniae    P. aeruginosa  

 Ampicillin  43 %  89 %  – 

  Ampicillin-sulbactam  →34 %  →28 %  – 

 Ticarcillin  50 %  97 %  73 % 

  Ticarcillin-clavulanic acid  →23 %  →22 %  →78 % 

 Piperacillin  30 %  26 %  24 % 

  Piperacillin-tazobactam  →3 %  →10 %  →14 % 

   Resistance rates may vary locally  
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 Today, the usefulness of the drug in particular for initial therapy has become 
limited primarily due to the emergence of ESBL-positive  Enterobacteriacaeae  [ 4 , 
 74 ]. Using a breakpoint for resistance in  Enterobacteriaceae  of >4 μg/mL 
(EUCAST), approximately 60–70 % of ESBL-positive isolates will be resistant to 
ceftazidime (compared with 20–30 % resistance to piperacillin-tazobactam in such 
strains). Of note is that the breakpoint for resistance in  P. aeruginosa  was set at 
>8 μg/mL (dosage, 6 g per day) so that it is quite possible that ceftazidime at high 
dose and given by extended or continuous infusion will cover some more 
 Enterobacteriaceae  than EUCAST-defi ned in vitro resistance rates do suggest. 
Clinical experience with the drug in infection due to ESBL-positive Gram-negative 
bacteria is, however, limited. 

 Ceftazidime is currently developed in combination with a new betalactamase 
inhibitor, avibactam [ 116 ]. The potent in vitro activity of this new ceftazidime plus 
avibactam combination against  Enterobacteriaceae  producing betalactamases of 
Ambler class A, and more importantly class C and some class D, has been con-
fi rmed in vivo in murine pneumonia, bacteremia, and pyelonephritis models, and it 
is likely that clinical trials will show the usefulness of this new drug in patients with 
fever and neutropenia. Ceftazidime plus avibactam is a promising regimen for 
infections due to  Klebsiella  with carbapenem resistance due to KPC enzymes   .  

14.1.3     Cefepime 

 Cefepime was brought to market in the mid 1990s. The antimicrobial activity is 
similar to that of ceftazidime with somewhat lower MICs of cefepime for staphylo-
cocci and streptococci. As with ceftazidime, the MIC for susceptible  P. aeruginosa  
is typically 1–4 μg/mL, while the MIC for non-ESBL-positive  E. coli  and  Klebsiella  
is in the order of <0.1–0.2 μg/mL [ 35 ]. The drug is more stable than ceftazidime to 
AmpC-type betalactamases which are typically found in  Enterobacter  species. 

 There still are major discrepancies between the USA and Europe in setting clini-
cal breakpoints for the drug. According to the so-called CLSI ( Clinical and 
Laboratory Standards Institute , proposing breakpoints in the USA,   www.clsi.org    ) 
standards, the breakpoint of cefepime for resistance in  Enterobacteriaceae  had ear-
lier been set at >32 μg/mL, while according to EUCAST criteria, it is now >4 μg/
mL. This has implications for estimating and interpreting susceptibility rates, par-
ticularly for ESBL-producing  K. pneumoniae  and  E. cloacae . The rates of cefepime 
susceptibility for such strains may differ substantially, for example, 61 % (CLSI) 
versus 12 % (EUCAST) for  K. pneumoniae  or 58 % versus 32 % for  E. cloacae , 
respectively [ 114 ]. Since the pharmacokinetic characteristics of cefepime are similar 
to those of ceftazidime and dosing is also similar for the two drugs, it may be more 
logical to apply breakpoints which are also similar. The most recent CLSI criteria 
revision (in 2014) consequently changed the breakpoint of cefepime for resistance in 
 Enterobacteriaceae  to >8 μg/mL (breakpoint for susceptibility, ≤2 μg/mL). In India, 
cefepime is also available as a fi xed combination with sulbactam and with tazobac-
tam – no clinical trials with those combinations have been reported as yet [ 109 ]. 
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 Cefepime was approved in 1997 for use as empiric monotherapy in febrile neu-
tropenic patients in the USA. In 2007, a meta-analysis noted increased 30-day mor-
tality associated with the use of cefepime versus other betalactams (risk ratio, 1.26) 
[ 115 ]. Among subcategories of patients, the increased mortality with cefepime was 
statistically signifi cant only among neutropenic patients [ 87 ,  115 ]. The USA Food 
and Drug Administration reevaluated the data in collaboration with the drug spon-
sor that provided additional unpublished material and, 2 years later, concluded that 
the data would not confi rm a higher rate of death in cefepime-treated patients [ 65 ]. 
There has still been some concern over cefepime’s safety, and there continue to 
appear reports about possibly dose-related neurotoxicity including nonconvulsive 
status epilepticus that can be severe and life-threatening [ 44 ,  62 ,  107 ].  

14.1.4     Carbapenems 

 Imipenem was the fi rst carbapenem introduced into the market [ 61 ]. It can be hydro-
lyzed in the mammalian kidney by an enzyme dubbed dihydropeptidase-I. This 
brush-border enzyme is inhibited by the co-drug cilastatin. With this imipenem/
cilastatin combination, high urinary concentrations and recovery are obtained, and 
imipenem does not enter into the proximal tubular epithelium of the kidney and can-
not be metabolized to a metabolite causing tubular necrosis. 

 Meropenem was the second carbapenem approved in both the USA and Europe 
and has been extensively studied in patients with fever and neutropenia. Meropenem 
is – besides piperacillin-tazobactam – now commonly used for initial empirical 
monotherapy in cancer patients [ 23 ,  39 ,  40 ,  43 ,  45 ,  77 ]. The advantage of merope-
nem is its broad-spectrum activity and excellent tolerability. Other carbapenems in 
the market include ertapenem, a carbapenem for single daily dosing that has no 
activity against  P. aeruginosa ; doripenem which is similar to meropenem [ 45 ]; and 
two other compounds only approved in Japan (panipenem and biapenem) [ 69 ]. 

 The carbapenems are stable to most betalactamases including AmpC and ESBL 
enzymes. Resistance develops when bacteria acquire so-called metallobetalacta-
mases or Ambler class A-type KPC enzymes that are capable of degrading car-
bapenems or when changes in membrane permeability arise usually as a result of 
loss of specifi c outer membrane porins. The activity of carbapenems so far remains 
excellent against wild-type  Enterobacteriaceae  (MIC in  E. coli  and  K. pneumoniae , 
0.01–0.06 μg/mL) with few exceptions. Species of  Proteus ,  Morganella , and 
 Providencia  often are marginally susceptible or (low-level) resistant to imipenem 
and ertapenem [ 35 ]. 

 Most isolates of  P. aeruginosa  and of  A. baumannii  show an MIC of meropenem in 
the range of 0.2–2 μg/mL [ 35 ]. Carbapenems are active against most clinically relevant 
anaerobes. They are poorly active against enterococci (typical MIC of meropenem, 
2–16 μg/mL) and inactive at clinically achievable concentrations against  S. maltophilia  
(typical MIC of meropenem, >32 μg/mL).  Listeria  are surprisingly susceptible to 
meropenem and imipenem which also have activity against  Nocardia  species and 
(extracellular) mycobacteria including multidrug- resistant  M. tuberculosis . 
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 Imipenem, meropenem, and doripenem have in vivo half-lives of approximately 
1 h, while ertapenem has a half-life of approximately 4 h. Imipenem reaches higher 
CSF concentrations than meropenem, but meropenem is usually preferred for the 
treatment of CNS infections due to its lower incidence of seizures. The carbapen-
ems are chemically less stable at room temperature than ceftazidime and piperacillin- 
tazobactam, in particular in concentrated (>4 g/100 mL) aqueous solution, and the 
rate of inactivation within 24 h can exceed 50 % [ 7 ,  112 ]. Although there is some 
experience with longer infusion times [ 68 ], we believe extended infusion regimens 
>4 h cannot currently be recommended. 

 Meropenem has extensively been evaluated in patients with fever and neutrope-
nia. In the largest study (already published in 1996 and) involving more than 1,000 
subjects [ 23 ], meropenem was associated with a slightly higher clinical response 
than ceftazidime plus amikacin (56 % versus 52 %, respectively). In a second large 
trial with 411 adult cancer patients, a similar response rate was observed with 
meropenem (54 % versus 44 % in patients receiving ceftazidime monotherapy, 
respectively) [ 39 ]. In children, a response rate of 56 % was reported (versus 40 % in 
pediatric patients receiving ceftazidime monotherapy, respectively) [ 40 ]. Some tri-
als noted diarrhea with or without  Clostridium diffi cile  infection as a frequent sig-
nifi cant adverse event, but carbapenems were otherwise usually well tolerated. 
There are very limited data on head-to-head comparisons of carbapenems for 
empirical therapy in febrile neutropenia. 

 The breakpoints of meropenem for resistance in Gram-negative bacteria are 
>8 μg/mL (EUCAST) and between >2 and >8 μg/mL (last CLSI revision, depend-
ing on whether  Enterobacteriaceae ,  P. aeruginosa , or  A. baumannii  is tested) 
(Table  14.4 ). Such “more or less” carbapenem-resistant Gram-negative microorgan-
isms show variable MICs ranging from 4 to >64 μg/mL. Importantly, meropenem 
used at high dosage (3 × 2 g by extended infusion instead of 3 × 1 g) is likely to cover 
microorganisms with an MIC of 16 and 32 μg/mL with a T>MIC of 50–60 % and 
20–30 %, respectively [ 58 ]. The safety of such a dosage regimen has recently been 
shown in a comparative clinical trial [ 22 ]. Such a regimen can be considered as 
important adjunct and combination therapy partner to effectively treat infections 
due to carbapenemase-producing organisms [ 4 ,  25 ,  74 ].

   Table 14.4    The breakpoints of meropenem for susceptibility and resistance (μg/mL) for 
 Gram- negative bacteria according to EUCAST and CLSI   

 CLSI  EUCAST 

 S  R  S  R 

 Meropenem   Enterobacteriaceae   ≤1  >2  ≤2  >8 

  Acinetobacter   ≤4  >8  ≤2  >8 

  P. aeruginosa   ≤2  >16  ≤2  >8 

 Imipenem   Enterobacteriaceae   ≤1  >2  ≤2  >8 

  Acinetobacter   ≤4  >8  ≤2  >8 

  P. aeruginosa   ≤2  >16  ≤4  >8 

   S  susceptible,  R  resistant  
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14.1.5        Other Betalactams 

 Among the various other betalactams commonly used and potentially useful in 
patients with fever and neutropenia are oxacillin and its derivatives, amoxicillin- 
clavulanic acid, ceftriaxone, and aztreonam. Cefi xime has also been evaluated in 
step-down therapy in a very limited number of children with low-risk febrile neutro-
penia without documented infection. There is insuffi cient information to consider 
this drug as a suitable alternative to amoxicillin-clavulanic acid in patients with 
fever and neutropenia. 

14.1.5.1     Oxacillin 
 The oxacillin derivatives cloxacillin, dicloxacillin, and fl ucloxacillin (like nafcillin) 
are narrow-spectrum penicillins with activity against methicillin-susceptible staph-
ylococci and many streptococci, but no relevant antimicrobial activity against 
enterococci and  Listeria . Oxacillin and its derivatives are important drugs in severe 
staphylococcal infection and are considered to be superior to vancomycin and also 
to cefazolin and to cefuroxime in patients with bacteremic  S. aureus  infection. The 
MIC of oxacillin in staphylococci is typically ~0.25–0.5 μg/mL [ 35 ]. Based on pop-
ulation pharmacokinetic data, a daily dose of 6 g given as 2 g by 4 h extended infu-
sion every 8 h is likely to provide an fT > MIC of 50 % at an MIC of 0.75–1 μg/mL 
[ 71 ]. Short infusion regimes will require higher daily dosages to maintain high 
probabilities of response. These data have been the basis for recommendations of 
2 g given every 6–8 h daily for serious staphylococcal infection. Higher dosages 
(Table  14.2 ) may be required in staphylococcal endocarditis and central nervous 
system infection. 

 The most critical adverse event apart from rash associated with oxacillin and its 
derivatives is cholestatic jaundice and hepatitis. Risk factors appear to be older age, 
preexisting hepatic impairment, long-term use (>14 days), and probably the daily 
dose. It is unknown whether continuous or extended infusion regimens can lower the 
risk of hepatotoxicity. Flucloxacillin is stable at room temperature for at least 24 h.  

14.1.5.2     Amoxicillin-Clavulanic Acid 
 As an oral drug, amoxicillin-clavulanic acid is commonly used together with cipro-
fl oxacin for therapy in low-risk febrile neutropenia patients [ 42 ]. Amoxicillin is 
well absorbed. Its oral bioavailability is approximately 70 %. A dose of 500 mg 
yields a mean peak plasma concentration of ~7–10 μg/mL [ 41 ,  94 ]. The usual oral 
dose of 500 mg (together with 125 mg of clavulanic acid) every 8 h provides a 
~55 % or greater T > MIC for  Haemophilus  and streptococci incl. pneumococci [ 6 ]. 
Almost similar results (T > MIC [1 μg/mL], 44 %) are obtained with the 875/125 mg 
tablets given every 12 h [ 5 ]. Elimination of amoxicillin is predominantly by the 
renal route (52 %), and high concentrations are achieved in the urine suffi cient to 
treat urinary tract infection (including those due to Gram-negative bacteria suscep-
tible at the breakpoint of 8 μg/mL) [ 41 ,  94 ]. Parenteral therapy with higher doses is 
needed to treat systemic infections due to susceptible Gram-negative bacteria. In 
some countries, organisms with an MIC of 1–8 μg/mL are therefore categorized as 
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intermediate susceptible. Resistance in  E. coli  is not uncommon and is primarily 
due to enzymatic inactivation by OXA-1- or inhibitor-resistant TEM (IRT) enzymes 
and chromosomal AmpC hyperproduction [ 97 ]. 

 Clavulanic acid is extensively metabolized and eliminated in urine and feces. 
Adverse effects include rash, gastrointestinal disturbances, and – rarely – choles-
tatic hepatitis usually associated with clavulanic acid rather than with amoxicillin. 
Age, preexisting liver disease, therapy duration, and probably genetic factors play a 
role in the risk for drug-induced hepatitis [ 106 ].  

14.1.5.3     Ceftriaxone 
 Ceftriaxone has become a most popular parenteral broad-spectrum cephalosporin 
because of its long half-life and the ease of the corresponding once daily dosing. It 
is a third-generation cephalosporin with antimicrobial activity very similar to that of 
cefotaxime. The usual dose in adults for infections outside the brain is 2 g every 
24 h. This dosing regimen yields ~100 % fT > MIC (≤1 μg/mL), thus providing 
excellent in vivo activity against streptococci,  Haemophilus , and wild-type 
 Enterobacteriaceae . It has no relevant activity against  P. aeruginosa  (MIC typically 
>8 μg/mL). The breakpoint for resistance has been set at >2 μg/mL (EUCAST). The 
drug is very well tolerated. Gastrointestinal disturbance may occur, and  Clostridium 
diffi cile  infections are more common than with most other broad-spectrum cephalo-
sporins due to its substantial effects on the intestinal microfl ora.  

14.1.5.4     Ceftaroline and Ceftobiprole 
 Both compounds are broad-spectrum cephalosporins approved for the treatment of 
skin and soft tissue infection and pneumonia. The two drugs have enhanced activity 
against MRSA and in the future might become interesting treatment options in 
febrile neutropenia. There is increasing experience with them in salvage therapy for 
MRSA infection [ 18 ].  

14.1.5.5     Aztreonam 
 Aztreonam is a monobactam available for clinical use since the 1980s. The antimi-
crobial activity comprises exclusively Gram-negative bacteria. Wild-type  E. coli  
and  Klebsiella  species are highly susceptible with MICs typically <0.1 μ/mL [ 35 ]. 
Aztreonam is moderately active against  P. aeruginosa  (MIC, ~4 μg/mL) and has no 
clinically relevant activity against  Acinetobacter  and  Stenotrophomonas  [ 35 ]. The 
MIC distribution for  E. coli ,  P. aeruginosa , and  A. baumannii  is shown in Fig.  14.2 . 
Aztreonam is not inactivated by Ambler class B betalactamases (metalloenzymes) 
and represents an important therapeutic option in infections due to  P. aeruginosa  
with metallobetalactamase-associated carbapenem resistance. In some countries, 
the drug (as aztreonam-lysine with a dose of 75 mg administered every 8 h using an 
ultrasonic nebulizer) has been approved for inhalation [ 92 ]. 

 Recommended doses for an adult patient with normal renal function are 1–2 g 
every 6–8 h. Monte Carlo simulations with a target of an fT > MIC of 50–60 % at a 
dose of 1 g (infused over 1 h) every 8 h indicate a clinical breakpoint of 1–4 μg/
mL. Thus, infections due to susceptible  E. coli  do not require high-dose therapy. 
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The drug can be given as continuous infusion (24 h). Continuous infusion of 6–8 g 
per day produces plasma concentrations of ~40–50 μg/mL [ 16 ]. Such a regimen 
should be suffi cient to treat infection due to low-level resistant  P. aeruginosa . 

 The addition of avibactam to aztreonam is currently being evaluated in clinical 
trials [ 24 ]. The advantage of such a drug combination would be the restored activity 
of aztreonam against ESBL-positive organisms and its intrinsic activity in organ-
isms with metalloenzyme-associated carbapenem resistance.    

14.2     Aminoglycosides 

 In view of many clinical trials establishing the noninferiority of betalactam mono-
therapy for fever and neutropenia [ 86 ], many clinicians now limit the use of amino-
glycosides in these and other critically ill patients to an initial, often single-shot 
therapy in patients with severe sepsis/septic shock or recommend their use only for 
targeted combination therapy for infection due to otherwise diffi cult-to-treat or 
resistant organisms [ 13 ,  79 ,  82 ]. This strategy may change in the future if betalac-
tam monotherapy becomes unreliable due to emerging resistance, and it is conceiv-
able that there will be an increasing need to reinitiate initial empirical combination 
therapies with short courses of aminoglycosides. 

 The most commonly used aminoglycosides for systemic use are gentamicin, 
tobramycin, and amikacin. Other aminoglycosides such as netilmicin, isepamicin, 
and arbekacin are uncommonly used and/or not available in many countries [ 91 ]. 
New developments include plazomicin (a “neoglycoside”) which is stable against 
common aminoglycoside-inactivating enzymes [ 117 ]. 

E. coli% P. aeruginosa A. baumannii

  Fig. 14.2    The in vitro activity of aztreonam against  E. coli ,  K. pneumoniae , and  P. aeruginosa  
(Data are from EUCAST [ 35 ]). Aztreonam is moderately active against  P. aeruginosa  (MIC, 
~4 μg/mL) and has no clinically relevant activity against  Acinetobacter        
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 The older aminoglycosides are most active in many Gram-negative bacteria [ 35 ]. 
Wild-type  E. coli  and  Klebsiella  exhibit gentamicin and tobramycin MICs in the 
range of 0.5–1 μg/mL and amikacin MICs in the range of 2–4 μg/mL. Aminoglycosides 
show a concentration-dependent bactericidal activity in Gram-negative organisms 
and an interesting so-called post-antibiotic effect that is also dependent on the ratio 
of drug concentration versus MIC and can last several hours [ 9 ]. Additional doses 
during this phase do not produce additional bacterial killing and the killing effi cacy 
is reduced for subsequent repeated exposures (so-called adaptive resistance) com-
pared to the initial exposure. Once daily dosing is therefore advantageous despite 
the relatively short half-life of the aminoglycosides of 2–3 h [ 9 ,  54 ,  79 ,  80 ,  83 ]. 

 Fortunately, extended-interval dosing is also advantageous regarding the typical 
adverse effects of aminoglycosides, nephrotoxicity, and ototoxicity [ 9 ]. The toxic 
effects require drug uptake and binding to the brush borders of renal cells and to the 
cochlea and vestibular membranes. Binding to these membranes, however, demon-
strates saturable kinetics and is less effi cient at high intermittent drug levels. The 
half-life of aminoglycosides in the renal cortex is approximately 100 h, leading to 
renal accumulation of the drug and toxicity. In clinical trials, the advantages of 
once-daily dosing compared to two- to three-times daily administration has not 
been consistently shown, in part because often very potent betalactam combination 
therapy partners were used and treatment durations often were too short to fully 
assess differences in toxicity. Nevertheless, once-daily dosing of aminoglycosides is 
now recommended for most indications including treatment of patients with fever 
and neutropenia if betalactam monotherapy is unreliable. 

 There has been controversy about the relative risks of nephrotoxicity for gentami-
cin versus tobramycin (and netilmicin), respectively. In various animal models, genta-
micin was more nephrotoxic than tobramycin if given at identical doses, and netilmicin 
at the same dose, in turn, was less nephrotoxic than tobramycin. Clinical studies in 
humans also provided some evidence for the greater potential of gentamicin to cause 
nephrotoxicity [ 38 ,  102 ]. Accordingly, gentamicin often is limited to combination 
therapy of enterococcal or streptococcal endocarditis where only low doses are 
required for synergistic action with penicillin. In patients with Gram- negative infec-
tion or suspected Gram-negative infection such as patients with fever and neutropenia 
(or urinary tract and abdominal sepsis and nosocomial pneumonia), higher doses are 
useful that make tobramycin, netilmicin, or amikacin drugs of choice. 

 Table  14.5  shows salient features of aminoglycoside therapy today. It should be 
noted that resistance rates may vary substantially between hospitals and regions 
depending among other things on what is the proportion of cephalosporin-resistant 
 Enterobacteriaceae  and carbapenem-resistant  P. aeruginosa  (which are often core-
sistant in particular against gentamcin and tobramycin) and on which aminoglyco-
side is being used most commonly.

   Therapeutic drug monitoring (TDM) is still recommended. The measurement 
of peak levels, however, is rarely needed, and trough levels are usually not 
required before day 5 of treatment in patients with normal creatinine clearance. 
So-called high-intensity TDM programs may not be cost-effective [ 11 ,  100 ], and 
simple linear dose adjustment according to aminoglycoside serum 
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concentrations is usually suffi cient [ 13 ,  78 ]. Drug accumulation may be more 
sensitively detected by measuring 8–12 h post-infusion levels than just 24 h 
trough levels. Patients with fever and neutropenia often (like many patients with 
severe sepsis) have a relatively large volume of distribution in the acute phase 
which helps to avoid toxic levels if large doses are administered [ 9 ]. Audiometry 
for screening ototoxicity is routinely recommended in patients receiving >14 days 
of therapy.  

14.3     Agents Against Gram-Positive Bacteria 

14.3.1     Glycopeptides 

 Vancomycin and teicoplanin are narrow-spectrum glycopeptides in clinical use 
since decades [ 84 ]. Both compounds are active in vitro against most clinically rel-
evant Gram-positive bacteria including Gram-positive anaerobes with a few excep-
tions. Members of the genera  Leuconostoc  and  Pediococcus , certain members of the 
 Lactobacillus  family (except  L. acidophilus ),  Erysipelothrix , and certain 
 Enterococcus  species ( E. casselifl avus/fl avescens, E. gallinarum ) are intrinsically 
resistant. 

 Glycopeptides have been the standard drugs in cases of infection due to 
methicillin- resistant staphylococci, ampicillin-resistant enterococci, and high-level 
penicillin-resistant pneumococci. For bactericidal activity multiples of the MIC are 
required, and a proportion of MRSA and many enterococci show a so-called “toler-
ance” phenomenon, i.e., the difference between minimal inhibitory and cidal con-
centrations is 32-fold or higher [ 101 ]. Typical vancomycin MIC values for 
staphylococci and enterococci are 0.5–2 μg/mL [ 35 ]. The activity against pneumo-
cocci is slightly better (MIC, 0.25–0.5 μg/mL). Teicoplanin shows a similar MIC 
distribution in staphylococci. Teicoplanin, however, is slightly more active in 
enterococci (MIC, 0.25–1 μg/mL) and much more active in pneumococci (MIC, 
0.032–0.125 mg/mL) [ 35 ]. 

 A major problem has been acquired vancomycin resistance, notably in entero-
cocci (VRE) and in  S. aureus  (VISA or hetero-VISA). Acquired vancomycin resis-
tance in enterococci has become frequent in  E. faecium  and remains rare in  E. 
faecalis . Most VRE show the “VanA”-type resistance, meaning that both vancomy-
cin and teicoplanin (but not oritavancin) are inactive with MIC values often being 
extremely high (>100 μg/mL). “VanB”-type resistance is less frequent. VanB-VRE 
show lower MICs of vancomycin and are usually susceptible to teicoplanin. VISA 
show an intermediate susceptibility to vancomycin (hence the name VISA) accord-
ing to previous breakpoints. MICs of vancomycin typically are 8–16 μg/mL (CLSI 
breakpoints for resistance were formerly >32 μg/mL). Often VISA are heteroresis-
tant. Only a subpopulation of the cells grow in the presence of otherwise inhibitory 
concentrations of vancomycin. Heteroresistance can also be observed in vancomycin- 
susceptible cells and leads to the emergence of VISA. VISA tend to develop thick 
cell walls. They show an increased cell-wall turnover (likely trapping vancomycin) 
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and increased positive cell-wall charge responsible for a repulsion mechanism 
towards vancomycin, teicoplanin, and daptomycin [ 17 ]. 

 Vancomycin is administered as 1–2 h intravenous infusion at a dose of 1 g every 
12 h in subjects with normal renal function. Peak plasma concentrations are 
20–40 μg/mL. The drug’s half-life is approximately 6 h [ 84 ]. It has been suggested 
that trough levels in severe infections should be ~20 μg/mL, but often trough levels 
after conventional dosing are in the range of 10–15 μg/mL. In one study in stem-cell 
transplant patients, trough levels after standard dosing were <10 μg/mL in >50 % of 
the subjects [ 48 ]. Therapeutic drug monitoring is therefore recommended to opti-
mize dosing in severe infection and to minimize toxicity and allow dose adaptation 
in case of drug accumulation. Many investigators use target trough levels of 
15–20 μg/mL rather than higher levels to adjust doses. Vancomycin is primarily 
excreted by the renal route. Doses need to be adjusted according to creatinine clear-
ance. Table  14.6  shows recommended dose adjustments for glycopeptides (and 
daptomycin).

   Teicoplanin has a very long half-life (4–7 days). It is highly protein-bound. 
Loading doses of 6–10 mg/kg bodyweight every 8–12 h for three doses are required. 
Maintenance doses are (6-) 10 mg/kg every 24 h. Teicoplanin has a role in the treat-
ment of enterococcal infection but has appeared less reliable for the treatment of 
severe staphylococcal infections. 

 Both vancomycin and teicoplanin can be given by mouth (capsules or oral 
solution) to treat  Clostridium diffi cile  infection (CDI). Vancomycin at a dose 
125 mg every 6 h is a recommended therapy in moderate to severe CDI or in 
patients failing metronidazole. In severe cases the dose can be increased up to 
500 mg every 6–8 h. Direct intracolonic administration is also possible as a 
retention enema using 500–1,000 mL of saline with 500 mg vancomycin every 
6–12 h.  

   Table 14.6    Recommended doses and dose adjustments for glycopeptides and daptomycin   

 Drug 

 Creatinine clearance (mL/min)  Intermittent 
hemodialysis 

 Continuous 
RRT  >80  80–50  50–10  <10 

 Vancomycin a   1,000 
every 12 h 

 500 
every 
8 h 

 500 
every 
24 h 

 500 
every 
72 h 

 500 every 72 h  1,000 every 
24 h 

 Teicoplanin b   400–800 
every 24 h 

 400 
every 
24 h 

 400 
every 
24 h 

 400 
every 
72 

 400 every 72 h  400 every 24 h 

 Daptomycin  500–700 
every 24 h 

 500 
every 
24 h 

 500 
every 
24 h 

 500 
every 
48 h 

 500 every 48 h  500 every 24 h 

  Doses (in mg) are per day for an adult patient with a bodyweight of ~70 kg according to renal 
function. Therapeutic drug monitoring may be required to optimize effi cacy and/or reduce 
toxicity 
  a Some clinicians give a loading dose of 15–20 mg/kg bodyweight 
  b A loading dose of 1,200 mg (in divided doses) on the fi rst day is recommended. High doses may 
be required in staphylococcal infection  
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14.3.2     Daptomycin 

 Daptomycin is a relatively new addition to the armamentarium to treat  Gram- positive 
bacterial infection due to multidrug-resistant organisms. It is a lipopeptide antibi-
otic discovered in the 1980s, but further developed to market not until 2003 (USA) 
and 2006 (Europe). Its mode of action is different from that of the glycopeptides 
since it binds via a calcium-dependent process to the bacterial cell membrane and 
disrupts the membrane potential rather than inhibiting cell-wall synthesis [ 84 ]. The 
antimicrobial activity is good against staphylococci with MICs of 0.25–1 μg/mL, 
and in vitro, the drug is usually bactericidal at these concentrations. Enterococci are 
less susceptible with MICs typically ranging from 0.25 to 8 μg/mL [ 35 ]. The 
EUCAST breakpoint for resistance has been set at >1 μg/mL. The recommended 
dose for infections other than skin and soft tissue infection is 6 mg/kg every 24 h. 
With this dose, patients with neutropenia have shown peak plasma concentrations of 
20–75 μg/mL, but most of the drug is protein-bound. The mean half-life of dapto-
mycin was 11 h and has shown considerable interindividual variation [ 14 ]. 

 Many clinicians use higher doses (8–12 mg/kg every 24 h) in severe staphylococ-
cal infection, and experience in cancer patients is accumulating [ 14 ,  19 ,  67 ,  70 ,  98 , 
 99 ]. There has been repeated (anecdotal) evidence of treatment failures with lower 
doses, and the safety of high-dose daptomycin appears acceptable. Up to 10 % of 
the patients develop (mostly asymptomatic) creatine phosphokinase elevation 
depending on the dose and treatment duration. Daptomycin does not have antimi-
crobial activity in pulmonary tissue.  

14.3.3     Linezolid 

 Linezolid is a member of a new class of narrow-spectrum agents, the oxazolidinones. 
It is available for both intravenous and oral administration [ 84 ]. The drug shows 
~100 % oral bioavailability. The spectrum of activity includes most clinically rele-
vant Gram-positive pathogens including most MRSA, VRE and VISA,  Nocardia , 
and some anaerobic bacteria ( Peptostreptococcus ,  Clostridium ,  Prevotella , and 
 Fusobacterium ), with MIC values between 0.5 and 4 μg/mL [ 35 ]. MICs are 2–8 μg/
mL for  Legionella ,  Moraxella ,  Pasteurella , and  Bacteroides , but other Gram-negative 
bacteria are resistant as a result of enhanced drug effl ux out of the bacterial cell. The 
drug is bacteriostatic. The (EUCAST) breakpoint for resistance is >4 μg/mL. Doses 
of 600 mg every 12 h produce peak plasma concentrations of 15–20 μg/mL and 
trough concentrations of 3–6 μg/mL. Under steady-state conditions, approximately 
30 % of the dose appears in the urine as unchanged drug. Virtually no unchanged 
linezolid appears in the feces [ 32 ,  104 ]. Tissue penetration is excellent, and the con-
centration in cerebrospinal fl uid is similar to the plasma concentration [ 32 ,  104 ,  105 ]. 
In MRSA lung infection linezolid has been found superior to vancomycin. 

 Linezolid has been compared with vancomycin for empirical therapy in patients 
with fever and neutropenia. This double-blind trial in 605 cancer patients with 
proven (24 %) or suspected Gram-positive infections showed equivalent effi cacy 
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between vancomycin and linezolid in achieving clinical (87 % vs. 86 %) and micro-
biological (58 % vs. 50 %) success, with no differences in survival [ 56 ]. There were 
fewer drug-related adverse events with linezolid (17 % vs. 24 %;  p  = 0.04). Other 
observational studies confi rm the effi cacy of linezolid for the treatment of Gram- 
positive infection in neutropenia, particularly VRE bacteremia. Here, responses and 
cure rates were encouraging [ 84 ]. 

 Adverse effects of linezolid included hematotoxicity (anemia, thrombocytopenia 
and/or neutropenia) and neurotoxicity (peripheral and optic neuropathies) [ 52 ,  60 , 
 85 ]. Both appear to be dose-related and are observed much more frequently in 
patients treated for >2 weeks [ 10 ]. In indications that need long-term treatment 
(such as MDR tuberculosis), the linezolid dose is usually reduced by 30–50 % to 
prevent toxicity. Other uncommon but serious adverse effects associated with line-
zolid include lactic acidosis and serotonin syndrome [ 52 ,  85 ].   

14.4     Tetracyclines 

 Tetracyclines are broad-spectrum agents with activity against intracellular bacteria. 
Due to emerging resistance they can no longer be used for common indications but 
may now be valuable options in the treatment of infections due to resistant organ-
isms. Tetracycline resistance rates in MRSA, for example, has now become quite 
low in many regions, and minocycline or doxycycline have been used successfully 
in MRSA infection. Both compounds also have some useful activity against  A. bau-
mannii  and  C. diffi cile . Like with linezolid patients treated with doxycycline are less 
likely to develop CDI compared with patients receiving other antibiotics. Most 
pneumococci,  Haemophilus , and  Moraxella  species are susceptible [ 35 ]. 

 Tigecycline is a new tetracycline. It is derived from minocycline but shows 
enhanced activity against enterococci (including VRE),  Listeria , anaerobes, and 
many Gram-negative organisms with the exception of  P. aeruginosa, Proteus , 
 Providencia, Morganella,  and (extracellular)  Legionella  [ 35 ,  74 ].  A. baumannii  typi-
cally shows MICs in the range of 0.125–2 μg/mL which is not very different from the 
range of MICs seen with doxycycline or minocycline (0.125–1 μg/mL) [ 35 ]. 

 The drug is available for intravenous application. The currently recommended 
doses of 50 mg every 12 h for adults produce low plasma levels (~1 μg/mL) which 
are very near to previously defi ned breakpoints for resistance in Gram-negative 
bacteria (>2 μg/mL) and are likely to be associated with more failures and 
increased mortality, compared to other antibiotic therapies, especially in ventila-
tor-associated pneumonia. Higher dosages are poorly tolerated due to nausea and 
other gastrointestinal disturbances. The breakpoint defi nitions are likely to be 
revised and adapted to those already recommended for several Gram-positive 
organisms (>0.5 μg/mL). 

 Interestingly, tigecycline was evaluated in combination therapy with a variety of 
drugs in cancer and transplant patients [ 15 ,  21 ]. In a prospective multicenter trial 
of empirical therapy for patients with fever and neutropenia, successful outcomes 
were reported in 126 of 164 (74 %) treated with piperacillin-tazobactam plus 
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tigecycline compared with 90 of 190 (47 %) patients treated with piperacillin-
tazobactam monotherapy ( p  < 0.01), but there was no difference in mortality. 
Improved success rates were observed in bacteremia and in clinically documented 
infections [ 15 ]. These results, however, have not been reproduced so far and need 
to be interpreted with caution since the trial was open-label and details have not yet 
been published. 

 Tigecycline should be considered as an adjunct in the combination therapy of 
infections due to multidrug-resistant  Enterobacteriaceae  and possibly  A. bauman-
nii . In addition, it is a valuable option for patients with very severe CDI and with 
VRE infection.  

14.5     Fluoroquinolones 

 Fluoroquinolones were marketed in the 1980s and have rapidly been evaluated as 
potential alternatives to trimethoprim-sulfamethoxazole or oral nonabsorbable 
drugs given for antibacterial prophylaxis in neutropenia [ 46 ,  55 ,  73 ,  108 ]. Most 
fl uoroquinolones primarily target  Enterobacteriaceae  and  P. aeruginosa . They 
have useful activity against other Gram-negative organisms such as gonococci, 
meningococci,  Legionella ,  Helicobacter ,  Yersinia ,  Francisella ,  Bacillus , and 
others [ 2 ]. 

 Norfl oxacin was the fi rst fl uoroquinolone studied as chemoprophylaxis in leuke-
mia patients. It is not active systemically due to very rapid renal elimination but has 
some effect on the intestinal microfl ora relevant for the prevention of Gram-negative 
infection. Ofl oxacin – later replaced by levofl oxacin – and ciprofl oxacin were later 
developments, and these drugs are still being used for treatment of systemic infec-
tion. Newer fl uoroquinolones still on the market include moxifl oxacin and gati-
fl oxacin which both show enhanced activity against streptococci and anaerobes, but 
also have some interesting activity against tuberculosis. Ciprofl oxacin has the best 
activity against  P. aeruginosa  [ 2 ]. 

 Due to the development of resistance among many  Enterobacteriaceae , in par-
ticular  E. coli , the fl uoroquinolones are now less commonly used in cancer patients. 
Rates of resistance in cancer centers may be >50 % among  E. coli . Such high rates of 
resistance may be associated both with ineffi cacy of the drugs for chemoprophylaxis 
as well as with failures in therapeutic indications such as fever and neutropenia [ 12 , 
 93 ,  111 ]. However, low-risk patients (not given fl uoroquinolone prophylaxis) may 
still benefi t from fl uoroquinolone therapy in the situation of fever and neutropenia. A 
recently published international trial that compared moxifl oxacin with the combina-
tion of ciprofl oxacin plus amoxicillin/clavulanic acid reported few failures: only 1 
fl uoroquinolone-resistant out of 19 (rate, 5 %) Gram-negative bloodstream isolates 
(without  P. aeruginosa ) causing primary infection among 333 patients [ 64 ]. This rate 
was comparable with that reported in a similar trial performed in the late 1990s [ 63 ]. 

 An advantage of the fl uoroquinolones is their good or excellent oral bioavail-
ability. For ciprofl oxacin, it is approximately 70 % with no substantial loss by fi rst 
pass metabolism. Ciprofl oxacin maximum serum concentrations are 2.5 (500 mg 
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dose) or 4 μg/mL (750 mg dose). A 750 mg oral dose given every 12 h has been 
shown to produce an AUC at steady-state equivalent to that produced by an intrave-
nous infusion of 400 mg given over 60 min every 8 h [ 20 ]. Such “high” doses are 
required for the treatment of systemic infections (outside the urinary tract) [ 53 ]. 
Approximately 40–50 % of an orally administered dose of ciprofl oxacin is excreted 
in the urine as unchanged drug. Approximately 20–35 % of an oral dose is recov-
ered from the feces within 5 days after dosing through biliary clearance and transin-
testinal elimination. 

 The oral bioavailabilities of levofl oxacin (>95 %) and moxifl oxacin (>90 %) 
are higher than that of ciprofl oxacin. Both moxifl oxacin (~11 h) and levofl oxacin 
(~7 h) have longer half-lives than ciprofl oxacin (~4 h) and are usually given once 
daily. The elimination through urine is >90 % of the total dose for levofl oxacin 
but <30 % for moxifl oxacin, respectively. All fl uoroquinolones have been associ-
ated with phototoxicity, ruptures of tendons (including shoulder, hand and 
Achilles tendon), various adverse central nervous system events, serious reac-
tions such as cardiac arrest or seizures after coadministration with theophylline, 
cholestatic jaundice and hepatitis, hypersensitivity reactions, and pseudomem-
branous colitis. The concurrent administration with magnesium/aluminum antac-
ids, sucralfate, products containing calcium, iron, or zinc or dairy products (like 
milk or yogurt) or calcium-fortifi ed juices impairs fl uoroquinolone absorption 
and should be avoided.  

14.6     Co-trimoxazole 

 Both sulfamethoxazole and trimethoprim are folate synthesis inhibitors. The 
spectrum of activity includes many Gram-negative bacteria ( Acinetobacter , 
 Haemophilus ,  Moraxella ,  Enterobacteriaceae ,  Burkholderia ,  S. maltophilia , 
 Vibrio cholerae ,  Brucella ),  Listeria monocytogenes , many  Nocardia  species, 
 Tropheryma whipplei , pneumococci, and staphylococci. The combination has 
also variable activity against various protozoa including  Plasmodium ,  Isospora 
belli , and  Cyclospora  and some activity against  Pneumocystis jiroveci  and 
some other rare fungi [ 28 ,  35 ,  50 ]. In early studies, many culture media con-
tained thymidine in a concentration sufficient to antagonize the folate synthesis 
inhibitory effects of sulfa drugs. Many streptococci and staphylococci there-
fore appeared resistant in vitro, and it was speculated that the in vivo activity 
of the drug and drug combination (co-trimoxazole) in (staphylococcal) 
abscesses might be severely impaired and circumvented due to thymidine 
uptake by  S. aureus. S. aureus  thermonuclease can release thymidine from 
polymerized DNA originating from inflammatory cells and injured tissues in 
the abscess. 

 The fi xed combination preparation contains a 1:5 ratio of trimethoprim to sulfa-
methoxazole which in vivo changes to about 1:20 at steady state. Staphylococci 
exhibit wild-type MICs of ~1–2 μg/mL (tested at this trimethoprim:sulfamethoxazole 
1:20 ratio), and the in vitro activity against most Gram-negative species is similar. 

W.V. Kern



249

Of note is the bactericidal activity against  S. aureus  (Fig.  14.3 ) [ 105 ]. The (EUCAST) 
breakpoint for susceptibility (in most bacterial species including staphylococci) is 
≤40 (2/38) μg/mL.  Stenotrophomonas maltophilia  is considered susceptible at a 
breakpoint of ≤80 (4/76) μg/mL, while enterococci and  Listeria  are considered sus-
ceptible only at a breakpoint of ≤1 μg/mL. According to the MIC distribution, 
almost all  Listeria  are highly susceptible and most enterococci have only intermedi-
ate susceptibility.
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  Fig. 14.3    The    in vitro bactericidal activity of co-trimoxazole standard dose and high dose against 
 S. aureus  (two test strains (a) methicillin-susceptible  S. aureus  reference strain ATCC 29213, 
(b) MRSA strain MSU 33) compared with the static activity of linezolid (Data are from Stein et al. 
[ 105 ], with permission)       
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   Both drugs are readily absorbed after oral administration and are distributed into 
body tissues and fl uids, including sputum, aqueous humor, middle ear fl uid, bronchial 
secretions, prostatic fl uid, vaginal fl uid, bile, and even cerebrospinal fl uid [ 105 ]. Peak 
serum concentrations after a so-called double strength tablet (160/800 mg) are 
~2–3 μg/mL for trimethoprim and 40–70 μg/mL for sulfamethoxazole, respectively. 
Urine concentrations of both sulfamethoxazole and trimethoprim are considerably 
higher than the concentrations in the blood. The average percentage of the dose recov-
ered in urine from 0 to 72 h after a single oral dose is ~80–90 % for the sulfa part and 
60–70 % for free trimethoprim. The half-life of trimethoprim is slightly shorter (~8 h) 
than that of sulfamethoxazole (~10 h). In renal insuffi ciency, the sulfamethoxazole 
component of the combination accumulates more rapidly than trimethoprim. 

 Infections outside the urinary tract due to less susceptible organisms may require 
higher daily dosages than the typically recommended 160/800 mg every 12 h. A 
higher dosage of 12/60 mg per kg bodyweight (divided into two or three doses per 
day, corresponding to two double strength tablets every 8–12 h in an adult) yields 
peak serum concentrations of ~8/200 μg/mL which are adequate for treatment of 
infections due to  Nocardia  and  S. maltophilia . 

 Even higher dosages (20/100 mg per kg bodyweight divided into three or four 
doses per day) have been recommended for treatment of  P. jiroveci  pneumonia, 
but such high doses may relatively rapidly lead to accumulation of sulfamethoxa-
zole and an elevated risk of associated hematotoxicity. In patients with renal dys-
function receiving high-dose therapy, it is wise to monitor trough blood levels in 
order to avoid too low levels of trimethoprim and too high and toxic levels of 
 sulfamethoxazole [ 66 ]. 

 Adverse events include allergic skin reactions (3–4 %) that can be severe (includ-
ing erythema multiforme, Lyell’s syndrome, and Stevens-Johnson syndrome) and 
inhibition by trimethoprim of renal creatinine secretion, leading to high serum cre-
atinine levels, hyperkalemia, and cytopenias [ 1 ]. 

 The drugs were introduced into the market in the 1960s and 1970s. Today,  E. coli  
is often resistant to the drug (~20–40 %). Uses in cancer patients are primarily for 
 P. jiroveci  pneumonia prophylaxis or therapy and therapy of rare infections, for 
example, due to  Nocardia  or  S. maltophilia . In addition, cotrimoxazole may be a 
very valuable oral drug for the treatment of  S. aureus  infection.  

14.7     Colistin and Polymyxin B 

 Colistin (polymyxin E) and polymyxin B are increasingly needed and used as the 
last-resort treatment options against infections caused by MDR Gram-negative bac-
teria [ 4 ,  33 ,  37 ,  51 ,  75 ]. The two substances are large polypeptide antibiotics that are 
not absorbed from the intestinal tract. Previously, they have only rarely been used as 
intravenous drugs since more effi cient and less toxic compounds were available. 
The recent reevaluation of these old polypeptides for the treatment of infection due 
to MDR Gram-negative bacteria has yielded some new insights with practical impli-
cations in particular for dosing. 
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 Colistin is available as colistin methanesulfonate (CMS) that, after parenteral 
administration, undergoes conversion in vivo to form colistin, which is responsible 
for antibacterial activity [ 47 ,  75 ,  90 ,  110 ]. Thus, CMS is considered as an inactive 
prodrug. CMS has been assigned a potency of 12,500 IU/mg (one million units cor-
responding to 80 mg). Some recommendations regarding dosing refer to CMS units 
rather than weight, while some (older) recommendations refer to colistin base activ-
ity (given in units) rather than to CMS, and it is highly recommended to carefully 
pay attention to these details in order to avoid possible confusion and inadequate 
dosing [ 110 ]. With conventional dosing (typically one to two million units of CMS 
[80–160 mg] every 8 h), it will take 2–3 days before the steady-state concentration 
of colistin is obtained, and peak plasma concentrations often are in the range of only 
1–2 μg/mL. This conventional dosing usually does not allow to reach an AUC/MIC 
of ≥60 that was predicted to produce in vivo bactericidal activity and found to yield 
acceptable clinical responses. A revised CMS dosing schedule is to give a loading 
dose of nine million units (720 mg), and subsequent twice-daily fractioned mainte-
nance doses of up to ten million units (800 mg), titrated on renal function [ 26 ,  47 , 
 90 ]. Infections due to microorganisms with an MIC >1 μg/mL remain diffi cult to be 
treated even with these higher doses, and monotherapy with colistin cannot be rec-
ommended in such cases. 

 Colistin can also be administered by inhalation [ 92 ]. Doses typically are one mil-
lion units of CMS (80 mg) every 8–12 h. Intrathecal administration with doses of 
10 mg of CMS per day has been reported as successfully eradicating MDR Gram- 
negative bacteria in cerebrospinal shunt infection. 

 Polymyxins are only active against Gram-negative bacteria. The EUCAST break-
point for resistance is >2 μg/mL for  Enterobacteriaceae  and  Acinetobacter  and 
>4 μg/mL for  Pseudomonas , respectively. The distribution of MICs for members of 
these groups of organisms is shown in Fig.  14.4 . Natural resistance to polymyxins is 
seen in  Neisseria ,  Moraxella ,  Helicobacter ,  Proteus mirabilis ,  Serratia marcescens , 
 Morganella morganii ,  Chromobacterium ,  Pandoraea  and  Burkholderia  associated 
with cystic fi brosis, and  Brucella . Acquired resistance has been observed in MDR 
Gram-negative bacteria, notably in  Klebsiella  and  Pseudomonas . Heteroresistance 
against polymyxins associated with regrowth observed at 24 h after an early concen-
tration-dependent killing was demonstrated in  Acinetobacter  and  Klebsiella .

   Nephrotoxicity and neurotoxicity are the most common adverse effects of poly-
myxins. Total cumulative CMS dose is associated with kidney damage. The inci-
dence is probably not much higher than that associated with aminoglycosides. Close 
monitoring of renal function is mandatory. The incidence of neurotoxicity is lower. 
Dizziness, weakness, visual disturbance, and neuromuscular blockade have been 
reported in rare cases. 

 For the treatment of infection due to MDR Gram-negative organisms, colistin 
should be combined with a second drug that is active or at least partially active, if 
possible, with meropenem, doxycycline or tigecycline, or fosfomycin [ 4 ]. If coad-
ministered with an active aminoglycoside, enhanced nephrotoxicity is of concern. 

 Colistin has also been used in oral regimens for “selective decontamination of 
the digestive tract” (SDD) in an attempt to reduce intestinal tract colonization with 
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Gram-negative bacteria and associated infection in both leukemia patients and in 
patients admitted to intensive care. Whether intestinal decolonization with this or 
similar regimens is possible in the situation of MDR Gram-negative bacteria is 
unknown.     
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15.1            Introduction 

 Invasive fungal infections (IFIs) are responsible for signifi cant morbidity and mor-
tality, particularly in the immunocompromised host. Although mortality from inva-
sive candidiasis has decreased in recent years, an overall increase in the number of 
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deaths from IFIs has been noted, largely due to invasive aspergillosis [ 1 – 4 ]. The 
number of patients at risk has also increased as a greater number of patients are 
exposed to immunosuppressive therapy and more intensive chemotherapy regimens 
[ 5 ]. Fortunately, the number of agents available to treat fungal infections has contin-
ued to increase. This greater number of therapeutic choices necessitates a detailed 
knowledge of each drug class and potential differences in effi cacy, spectrum of 
antifungal activity, bioavailability, pharmacokinetics, and side-effect profi les.  

15.2     Polyenes 

 Amphotericin B (AMB) and nystatin are the only polyenes currently available and 
nystatin is limited solely to topical therapy. The polyenes bind to ergosterol present 
within the fungal cell membrane and disrupt cell permeability causing fungal death 
(Fig.  15.1 ). There is also evidence that AMB acts as a proinfl ammatory agent by 
stimulating the release of immunologic mediators such as cytokines and chemo-
kines; however, this mechanism is likely also responsible for the infusion-related 
toxicity related to AMB administration.

   Clinical outcomes in susceptible isolates are best predicted by the peak serum 
level to MIC ratio. Serum drug levels are infrequently measured and are typically 
available only in the research setting [ 6 ]. Resistance to AMB is common in 
 Aspergillus terreus ,  Pseudallescheria boydii  complex,  Scedosporium prolifi cans , 
 Trichosporon  spp., and  Candida lusitaniae  (Table  15.1 ). Resistance has been 
reported in other species and changes in ergosterol biosynthesis and/or the synthesis 

  Fig. 15.1    Targets of systemic antifungal agents       
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of alternative sterols is the proposed mechanism for reduced AMB activity in these 
isolates [ 7 ].

   AMB is available in inhalational, oral, and intravenous formulations. The well- 
known nephrotoxicity seen with intravenous amphotericin B deoxycholate (AmBd; 
Fungizone) has prompted the development of lipid formulations with more favor-
able side-effect profi les so that in patients with hematological malignancies lipid 
formulations of AMB have largely replaced the use of AmBd. Liposomal ampho-
tericin B (L-AMB; Ambisome), amphotericin B lipid complex (ABLC; Abelcet), 
and amphotericin B colloidal dispersion (ABCD; Amphotec, Amphocil) are all cur-
rently available lipid formulations with a high degree of protein binding (>95 %, 
primarily to albumin) and comparably long half-lives. 

 Cerebrospinal fl uid levels are low (<5 % of concurrent serum concentration) yet 
AMB remains the drug of choice for cryptococcal meningitis [ 8 ]. Intrathecal AMB 
has been used in the salvage setting for both coccidioidal and candidal meningitis; 
however, this practice is seldom used due to poor patient tolerability, the diffi culty 
of administration, and the availability of alternative agents. 

 Similarly, AMB has low vitreous penetration (0–38 %) and intraocular injections 
are often required in the treatment of deep-seated ophthalmologic fungal infections 
including candidal endophthalmitis [ 9 ,  10 ]. The route of elimination of AMB 

       Table 15.1    Antifungal spectrum of activity against common molds and yeast   

 Organism  AMB  FLU  ITR  POS  VOR  ANI  MFG  CAS  5FC 

  Aspergillus fumigatus   +  −  +  +  +  +  +  +  − 

  Aspergillus fl avus   +/−  −  +  +  +  +  +  +  − 

  Aspergillus terreus   −  −  +  +  +  +  +  +  − 

  Aspergillus niger   +  −  +/−  +  +  +  +  +  − 

  Candida albicans   +  +  +  +  +  +  +  +  + 

  Candida glabrata   +  +/−  +/−  +  +  +  +  +  + 

  Candida krusei   +  −  +/−  +  +  +  +  +  +/− 

  Candida parapsilosis   +  +  +  +  +  +/−  +/−  +/−  + 

  Cryptococcus  spp.  +  +  +  +  +  −  −  −  + 

  Blastomyces  spp.  +  +  +  +  +  +/−  +/−  +/−  − 

  Histoplasma  spp.  +  +/−  +  +  +  +/−  +/−  +/−  − 

  Coccidioides  spp.  +  +  +  +  +  −  −  −  − 

  Fusarium  spp.  +/−  −  −  +  +  −  −  −  − 

 Phaeohyphomycoses a   +  −  +  +  +  +  +  +  − 

  Scedosporium apiospermum   +/−  −  +/−  +  +  −  −  −  − 

  Scedosporium prolifi cans   −  −  −  +/−  +/−  −  −  −  − 

  Mucorales  b   +/−  −  −  +  −  −  −  −  − 

   AMB  amphotericin,  FLU  fl uconazole,  ITR  itraconazole,  POS  posaconazole,  VOR  voriconazole, 
 ANI  anidulafungin,  MFG  micafungin,  CAS  caspofungin,  5FC  fl ucytosine 
 (+) implies antifungal activity against isolates, (−) implies no or limited activity against isolate, 
(+/−) implies variable activity against isolates 
  a Infection requires debridement in almost all circumstances 
  b Formerly Zygomycetes  
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remains unknown and dosing need not be adjusted in patients with a reduced glo-
merular fi ltration rate. 

 The broad antifungal spectrum and experience with the use of amphotericin B 
accounts for its continued use despite toxicity concerns. Liposomal amphotericin B 
remains a recommended antifungal during the treatment of neutropenic fever fol-
lowing an open-label, randomized international trial comparing L-AMB to voricon-
azole [ 11 ]. A recent meta-analysis also suggests L-AMB is associated with lower 
mortality during empiric treatment of neutropenic fever [ 12 ]. 

 AMB was previously the preferred fi rst-line agent during the treatment of inva-
sive aspergillosis; however, a comparative trial has now demonstrated a lower mor-
tality rate when voriconazole is administered in this setting [ 13 ,  14 ]. AMB remains 
the agent of choice for treatment of mucormycosis and a delay in the prescribing of 
an AMB formulation in this population is associated with a twofold greater risk of 
death [ 15 ]. 

 AMB in combination with fl ucytosine remains the drug of choice in the treat-
ment of cryptococcal meningitis and in most cases a lipid formulation is preferred 
due to the decreased incidence of nephrotoxicity. Severe infection caused by one of 
the endemic mycoses (histoplasmosis, coccidioidomycosis, blastomycosis, and 
sporotrichosis) should also be treated with an AMB formulation. 

 Intravenous AmBd is typically given in doses of 0.7–1 mg/kg, while the lipid 
formulations are given in higher doses (3–5 mg/kg). Recently, in an attempt to 
defi ne the effi cacy of even higher doses of lipid formulations, doses of L-AmB 
(3 mg/kg vs 10 mg/kg) were given in a randomized trial of invasive mold infec-
tions. Success rates were similar in both arms although more nephrotoxicity was 
seen in those receiving higher L-AmB doses [ 16 ]. Despite these fi ndings, in cases 
of severe or life-threatening disease, escalating doses of lipid AMB formulations 
may be indicated. 

 Local delivery of amphotericin B has been attempted through use of aerosolized 
therapy. Lipid preparations are preferred for inhalation and aerosolized delivery has 
been found effective in the prevention of pulmonary IFIs in lung transplantation and 
in bone marrow transplant recipients [ 17 ,  18 ]. 

 Side effects of AmBd infusion include fever, chills, rigors, myalgias, broncho-
spasm, nausea and vomiting, tachycardia, tachypnea, and hypertension [ 19 ]. The 
use of lipid formulations has decreased the incidence of these untoward effects 
although ABCD has been associated with the development of dyspnea and hypoxia 
and L-AMB has been associated with back pain during infusion [ 9 ]. The potential 
nephrotoxicity of amphotericin B is well known and may occur in up to 30 % of 
patients. Vascular smooth muscle dysfunction with resultant vasoconstriction and 
ischemia are the presumed mechanism of renal injury following AMB administra-
tion [ 20 ]. Lipid preparations have lower rates of nephrotoxicity and studies have 
shown that when AmBd is replaced by a lipid formulation after the development of 
acute kidney injury, renal function stabilizes or improves in a signifi cant proportion 
of patients [ 21 ]. Despite the higher drug costs of lipid AMB formulations, the reduc-
tion in hospital days when toxicity is avoided has proven the lipid formulations 
more cost-effective than AmBd [ 21 ].  
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15.3     Triazoles 

 The triazoles exert their effects within ergosterol synthesis by inhibition of cyto-
chrome P450 (CYP)-dependent 14-α-demethylase preventing the conversion of 
lanosterol to ergosterol (Fig.  15.1 ). This class has demonstrated both species- and 
strain-dependent fungistatic or fungicidal activity in vitro and the area under the 
curve to MIC ratio (AUC/MIC) is the best predictor of drug effi cacy. 

 Azoles differ in their affi nity for the 14-α-demethylase enzyme and these differ-
ences are largely responsible for their varying antifungal potency and spectrum of 
activity. Cross-inhibition of several human CYP-dependent enzymes (3A4, 2C9, 
and 2C19) is responsible for the majority of the clinical side effects and drug-drug 
interactions within this class. Itraconazole and posaconazole act as inhibitors of 
3A4 and 2C9 with little effect on 2C19 and voriconazole acts as both an inhibitor 
and a substrate on all three isoenzymes. Although comprehensive lists of triazole 
drug interactions can be found elsewhere, concurrent administration should be 
avoided with most HMG-CoA reductase inhibitors, benzodiazepines, phenytoin, 
carbamazepine, cyclosporine, tacrolimus, sirolimus, methylprednisolone, buspi-
rone, alfentanil; the dihydropyridine calcium channel blockers; the sulfonylureas, 
rifampin, rifabutin, vincristine, busulfan, docetaxel, trimetrexate; and the protease 
inhibitors ritonavir, indinavir, and saquinavir [ 22 – 28 ]. 

 The triazoles have also been associated with QTc prolongation and coadminis-
tration with other agents known to have similar effects should be avoided. This class 
is additionally embryotoxic and teratogenic and is secreted into breast milk, so that 
administration should be avoided during pregnancy or while lactating [ 29 – 31 ]. 

15.3.1     Fluconazole 

 Fluconazole (Difl ucan) remains one of the most prescribed triazoles due to its favor-
able bioavailability, tolerability, and side-effect profi le.    Greater than 80 % of 
ingested drug is found in the circulation, and excellent urine and tissue penetration 
(CSF levels 70 % of matched serum levels) are seen. A half-life of 27–34 h allows 
once daily dosing for most patients; however, in those with a reduced creatinine 
clearance, the normal dose should be reduced by 50 %. 

 Fluconazole is active against most  Candida  spp. with the exception of  C. krusei  
and  C. glabrata  (Table  15.1 ). Susceptible  C. glabrata  isolates should be treated with 
higher doses (12 mg/kg/daily) of fl uconazole than other species [ 10 ]. 

 Fluconazole remains one of the fi rst-line agents in the treatment of oropharyn-
geal candidiasis (OPC) [ 10 ] and patients with frequent relapse should remain on 
chronic suppressive fl uconazole until immune reconstitution has been documented 
as chronic therapy is well tolerated when necessary [ 32 ]. 

 Fluconazole has also been used for antifungal prophylaxis in high-risk patients. 
Initiation of 400 mg/day of fl uconazole for the fi rst 75 days following bone mar-
row transplantation (BMT) has been found effective in reducing cases of candi-
demia [ 33 ]. 
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 Following induction therapy with AMB and fl ucytosine, fl uconazole is used for 
suppression of cryptococcosis following CNS disease until immunologic derange-
ments have abated – otherwise life-long therapy is recommended [ 8 ]. Recent data 
has examined the use of high-dose fl uconazole monotherapy during induction treat-
ment of cryptococcal meningitis; however, this practice should be used only in 
resource limited settings and not when AMB is available [ 34 ]. 

 Headache, alopecia, and anorexia are the most common side effects (10 %) with 
transaminase elevation in <10 %.  

15.3.2     Itraconazole 

 Itraconazole is currently available as both capsules and an oral solution suspended 
in hydroxypropyl-β-cyclodextrin (HPCD). The intravenous preparation is no longer 
available in all developed countries. Itraconazole capsules are dependent upon an 
acidic environment for maximal absorption, and the concomitant administration of 
H 2 -receptor antagonists or proton pump inhibitors causes unpredictable drug 
absorption, and it is recommended that itraconazole capsules be taken with food or 
an acidic beverage [ 35 ,  36 ]. 

 Itraconazole solution allows for greater oral bioavailability and the AUC and 
peak concentrations are both increased by 30 % when itraconazole solution is taken 
in the fasting state [ 37 ]. Oral loading (200 mg three times daily for 3 days) allows 
for more rapid attainment of therapeutic serum levels. Itraconazole is also highly 
protein bound with less than 1 % available as free drug and has a relatively high 
volume of distribution. 

 The recent development of more effective antifungal agents (i.e., voriconazole) 
has relegated itraconazole to second-line therapy during the treatment of invasive 
aspergillosis. Itraconazole does, however, remain the drug of choice for those with 
mild to moderate infection caused by histoplasmosis [ 38 ]. Itraconazole is also 
approved for allergic bronchopulmonary aspergillosis (ABPA) [ 14 ]. 

 The recommended dosage of oral itraconazole in adults is 400 mg/day (capsules) 
and 2.5 mg/kg twice daily (HPCD solution) [ 14 ]. Dose adjustment is not indicated 
with use of the oral formulations of itraconazole when used in patients with renal 
insuffi ciency or those receiving hemodialysis. The half-life of itraconazole is pro-
longed in patients with hepatic dysfunction and dose adjustment, liver function test-
ing, and drug interactions should be carefully assessed in this circumstance [ 39 ]. 

 The most frequent side effects include nausea and vomiting (<10 %), hypertri-
glyceridemia (9 %), hypokalemia (6 %), liver enzyme elevations (5 %), skin rashes/
pruritus (2 %), headache and dizziness (<2 %), and pedal edema (1 %) [ 30 ]. 
Gastrointestinal intolerance (46 %) is common with the oral solution at doses 
greater than 400 mg per day and may require discontinuation in up to 30 % of 
patients. The myocardial depressant effects of itraconazole are also well known and 
cases of congestive heart failure have been reported [ 40 ]. Past studies examining the 
effects of itraconazole have observed adverse events leading to discontinuation of 
treatment in up to 30 % of patients [ 41 – 43 ].  
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15.3.3     Posaconazole 

 Posaconazole is a lipophilic second-generation antifungal triazole. Its spectrum of 
activity includes agents of mucormycoses (formerly zygomycoses) and has 
improved in vitro activity against  Aspergillus  spp. compared to itraconazole. 

 Posaconazole is insoluble in water and no intravenous formulation is currently 
available and it is thus administered as a cherry-fl avored suspension. Absorption is 
maximized when posaconazole is given as 2–4 divided doses administered with 
food or a liquid nutritional supplement. H 2 -receptor antagonists and proton pump 
inhibitors may decrease posaconazole serum levels and, if possible, coadministra-
tion should be avoided. 

 Posaconazole has demonstrated dose-dependent pharmacokinetics with satura-
ble absorption above 800 mg per day; thus, oral loading is not possible therefore 
delaying attainment of therapeutic drug levels [ 44 ]. This prolonged time required to 
reach steady-state impacts the use of posaconazole as primary therapy for IFIs. 
Posaconazole is hepatically metabolized and renal clearance plays a minor role in 
the clearance of posaconazole which is predominantly eliminated fecally. 

 Oral posaconazole has proven effective in the prevention of proven or probable 
invasive aspergillosis in neutropenic patients with acute myelogenous leukemia 
(AML) and in allogeneic hematopoietic stem cell transplant recipients with GVHD 
[ 45 ,  46 ]. Following these landmark trials 200 mg three times daily is recommended 
for prophylaxis, and 800 mg divided in 2 or 4 doses is recommended in the salvage 
setting. For patients not tolerating food, a liquid nutritional supplement has been 
recommended to increase absorption [ 47 ]. 

 Posaconazole is usually well tolerated and infrequently requires discontinuation 
due to adverse events. The most frequent side effects are gastrointestinal (14 %), 
with transaminase elevation and hyperbilirubinemia occurring in 3 % [ 46 ]. 

 Posaconazole is not signifi cantly metabolized through the cytochrome P450 sys-
tem and posaconazole serum levels are unlikely to be increased by concomitant 
administration of P450 inhibitors. However, posaconazole is known to both increase 
and decrease other medications metabolized through the cytochrome P450 system 
and the clinician should be aware of potential drug-drug interactions.  

15.3.4     Voriconazole 

 Voriconazole is a low-molecular weight water-soluble second-generation triazole 
with a broad spectrum of activity against molds with the exception of the mucormy-
cetes (Table  15.1 ). 

 Available in both oral and intravenous formulations, the intravenous form is 
dependent upon sulfobutyl ether β–cyclodextrin (SBECD) for solubility [ 48 ]. When 
3–6 mg/kg of daily voriconazole is administered, steady-state levels are reached in 
5–6 days, although if oral or intravenous loading is prescribed, steady-state levels 
can be reached within 24 h [ 49 ]. Fatty foods have been found to reduce bioavail-
ability by 80 % [ 50 ]. 
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 Although voriconazole in children has demonstrated linear pharmacokinetics, 
adults exhibit nonlinear metabolism, likely secondary to saturable metabolic pro-
cesses [ 49 ]. Interpatient serum concentration variability has been attributed to poly-
morphisms within CYP2C19, the major metabolic pathway for voriconazole [ 48 ]. 
Up to 20 % of non-Indian Asians have low CYP2C19 activity thereby increasing 
voriconazole serum levels up to four times higher than those found in white or black 
populations [ 51 ]. 

 For intravenous administration 6 mg/kg twice daily on day 1 followed by 4 mg/
kg IV twice daily for the duration of therapy is recommended. The oral dosages in 
adults are also weight based. For those weighing greater than 40 kg, 400 mg twice 
daily on day 1 followed by 200 mg twice daily until completion of therapy is sug-
gested, although weight-based dosing has been recommended for oral therapy in 
patients with severe infection [ 14 ,  48 ]. Pediatric patients are “loaded” with an intra-
venous dose of 7 mg/kg twice daily followed by oral dosing of 200 mg twice daily 
[ 52 ]. In patients with liver dysfunction, standard loading doses should be given, but 
the maintenance dose reduced by 50 %, although dosing in severe liver disease 
remains uncertain. Although no dosage adjustment is required if oral drug is given 
to patients with impaired renal function, the presence of a cyclodextrin within the 
IV formulation has caused concerns about vehicle accumulation and IV administra-
tion is best avoided in patients with a CrCl <50 mL [ 48 ]. 

 Voriconazole is typically reasonably well tolerated and the side-effect profi le is 
similar to other triazoles. However, voriconazole is notable for the side effect of 
abnormal vision (up to 23 %) that is transient, infusion related, and without sequelae. 
This unique effect typically occurs 30 min after infusion and abates 30 min after 
onset. 

 Other well-known effects of voriconazole therapy include skin rash and trans-
aminase elevation [ 31 ]. Elevated voriconazole serum levels have been attributed to 
the majority of side effects encountered in clinical practice, and higher levels 
(>5.5 mg/L) have been associated with encephalopathy and/or hallucinations [ 53 ]. 

 Voriconazole has become the drug of choice for most cases of invasive aspergil-
losis [ 13 ]. In a study evaluating the use of voriconazole for empirical antifungal 
therapy in febrile neutropenic patients, there were signifi cantly fewer breakthrough 
infections in the voriconazole-treated group as compared with liposomal amphoteri-
cin B, although predetermined non-inferiority criteria were not met [ 11 ]. 
Voriconazole has also been evaluated for use during infection caused by  Fusarium  
and  Scedosporium  spp., and although a retrospective study, a favorable response 
was seen in 63 % of voriconazole-treated patients with these diffi cult infections.  

15.3.5     Therapeutic Drug Monitoring (TDM) 

 Commercial assays are available for monitoring the serum concentrations of all cur-
rently available triazoles; however, at this time existing guidelines recommend only 
itraconazole TDM [ 14 ]. The newer triazoles, posaconazole and voriconazole, have 
received attention due to unpredictable absorption (posaconazole) and interpatient 
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serum level variability (voriconazole). Posaconazole and voriconazole serum drug 
levels have been shown to predict effi cacy and TDM should be considered when 
drug interactions or poor absorption is a concern. The frequency with which to 
monitor these newer triazoles remains to be determined.   

15.4     Echinocandins 

 Echinocandins (caspofungin, micafungin, anidulafungin) inhibit the synthesis of 
(1→3)-β-D-glucan by inhibiting the activity of glucan synthase leading to impaired 
cell wall integrity and cell lysis (Fig.  15.1 ). Their clinical use is limited primarily to 
 Candida  and  Aspergillus  spp. as they lack activity against  Mucorales ,  Cryptococcus  
spp., and other important mycoses (Table  15.1 ). Although resistance rates remain 
low, mean inhibitory concentrations (MICs) are elevated (>1 μg/mL) in a majority 
of  C. parapsilosis  and  C. guilliermondii  isolates, and other species may develop 
resistance on therapy [ 54 ]. 

 Echinocandin effi cacy is predicted by the peak-to-MIC ratio, yet therapeutic 
drug monitoring of echinocandins is seldom required and not routinely recom-
mended. Echinocandins have poor oral absorption and current agents are avail-
able only in the intravenous formulation. Echinocandins are highly protein bound 
(anidulafungin 84 %, caspofungin 97 %, and micafungin 99 %) and have a half-
life of 26, 30, and 15 h, respectively. Their vitreal and CSF penetration is negli-
gible and alternative antifungals should be used for IFIs at these sites. No 
discernible clinical differences have been found between the currently available 
echinocandins. 

 Caspofungin was the fi rst available agent of this class and is metabolized by both 
hepatic hydrolysis and N-acetylation. Inactive metabolites are subsequently elimi-
nated in the urine albeit in small quantities. Severe hepatic dysfunction mandates 
caspofungin dose reduction [ 9 ]. Caspofungin has several drug interactions with 
agents metabolized through the cytochrome P450 system and serum levels are 
reduced in the presence of rifampin and caspofungin may increase levels of siroli-
mus, nifedipine, and cyclosporine [ 9 ]. Micafungin is metabolized by non-oxidative 
metabolism within the liver and anidulafungin undergoes nonenzymatic degrada-
tion within the kidney. Both agents are eliminated in stool. These agents therefore 
do not require dosage adjustment with hepatic impairment [ 9 ]. 

 The side-effect profi le of the echinocandins is very favorable with minimal toxic-
ity and these agents are typically well tolerated. An infusion-related reaction has 
been described during overly rapid administration with tachycardia, hypotension, 
and/or thrombophlebitis noted by some patients. Clinically relevant drug interac-
tions are uncommon. For example, although interaction with cyclosporin is 
described for caspofungin, the clinical impact of that interaction is minimal. 

 The increased proportions of triazole-resistant  Candida  spp. such as C.  krusei  
and  C. glabrata  in invasive candidiasis reported from several institutions worldwide 
and the fungicidal activity of the echinocandins against yeasts have prompted some 
authorities to recommend these agents as fi rst-line therapy for invasive candidiasis. 
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Additionally, their proven effi cacy, infrequency of side effects, and favorable drug 
interaction profi les make them attractive options over other available antifungals 
[ 19 ,  55 – 57 ]. 

 The echinocandins have been found at least equally effi cacious and better toler-
ated than other systemic antifungals in the treatment of invasive candidiasis, pre-
dominantly candidemia. In one trial, caspofungin (70 mg loading dose followed by 
50 mg daily) was compared to amphotericin B deoxycholate (0.6–1 mg/kg) in the 
treatment of invasive candidiasis. Although  C. albicans  was more common in the 
AMB arm, modifi ed intention to treat (MITT) revealed similar survival in each 
group, with a trend towards increased survival and a statistically signifi cant decrease 
in drug side effects in those receiving caspofungin [ 19 ]. 

 Micafungin (100 mg IV daily) has been compared to liposomal amphotericin B 
(L-AmB) 3 mg/kg IV daily in an international, double-blind trial. This study assigned 
patients to 14 days of intravenous treatment and outcomes were equivalent in each 
group, yet fewer treatment-related adverse events – including those that were serious or 
led to treatment discontinuation – were seen in those who received micafungin [ 55 ]. 

 Micafungin and caspofungin have been directly compared in a recent study 
assigning patients to one of three different treatment groups: micafungin 100 mg/
day IV daily, micafungin 150 mg IV daily, or caspofungin 70 mg IV loading dose 
followed by 50 mg IV daily. No differences in response to therapy, treatment or 
microbiologic failure, or all cause mortality were found in the intention to treat 
analysis [ 57 ]. Although this trial found that higher echinocandin doses do not neces-
sarily equate to higher response rates, no increase in toxicity was seen with these 
higher doses. Therefore, in unusual circumstances or in morbid obesity, dose escala-
tion is thought to be safe. 

 Anidulafungin has been directly compared with fl uconazole for the treatment of 
invasive candidiasis. Treatment was successful in 75.6 % of patients treated with 
anidulafungin, compared with only 60.2 % of those treated with fl uconazole which 
was statistically superior in terms of outcome, but not for overall survival [ 56 ]. The 
echinocandins have also been found effi cacious in the second-line treatment of inva-
sive aspergillosis. The known toxicity of AMB and its different formulations and 
the potential for voriconazole-associated drug-drug interactions or toxicity has 
increased interest in the echinocandins for use during treatment of IA, and prospec-
tive trials are ongoing [ 58 ].  

15.5     Flucytosine 

 Flucytosine (5FC) is deaminated to 5-fl uorouracil by fungal cytosine deaminase. 
5-fl uorouracil is then converted to 5-fl uorodeoxyuridylic acid which interferes with 
DNA synthesis (Fig.  15.1 ) [ 59 ]. This agent may be either fungistatic or fungicidal 
depending upon both fungal species and strain. 

 Activity has been observed against most fungal pathogens; however,  Aspergillus  
spp.,  Mucorales , dermatophytes, and the endemic mycoses are all resistant to 5FC 
(Table  15.1 ). Resistance commonly develops when 5FC is used as monotherapy and 
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it should not be used as such except during the treatment of localized candidal infec-
tions when alternative agents are unavailable or contraindicated. 

 5FC has excellent oral bioavailability and 80–90 % of oral drug is absorbed. 
Peak serum levels occur 1–2 h after ingestion and although possessing a relatively 
low volume of distribution, bone, peritoneal, and synovial fl uid 5FC levels have 
been demonstrated and urinary levels are several-fold higher than concurrent serum 
levels. More than 95 % of 5FC is eliminated unchanged in the urine. 

 Side effects of therapy include rash, diarrhea, hepatic transaminase elevation, 
and bone marrow suppression. Marrow suppressive effects are common when serum 
levels exceed 100–125 μg/mL and in the presence of prolonged therapy (>7 days) 
or with alterations in renal function, serum drug monitoring is recommended [ 60 ]. 
Other side effects such as abdominal pain or diarrhea are often indirect markers of 
elevated 5FC levels and therapy is typically stopped in these circumstances. 5FC is 
teratogenic and should not be administered during pregnancy. 

 5FC is primarily used only in the treatment of cryptococcosis (combined with 
AMB). Despite overlapping toxicity concerns, the synergistic effects of dual ther-
apy in cryptococcosis allow for more rapid cerebrospinal fl uid clearance [ 34 ].  

    Conclusion 
 The incidence of infection with invasive mycoses continues to rise with the 
increasing immunosuppressed patient population. The recently expanded anti-
fungal armamentarium offers the potential for more effective and less toxic ther-
apy and these agents offer distinct pharmacologic profi les and indications for use 
necessitating a working knowledge of each agent.     
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16.1            Introduction 

 Infectious complications represent an important cause of morbidity and mortality in 
hematologic patients, especially those receiving intensive chemotherapy or submit-
ted to stem cell transplant (SCT). In recent years, however, the management of these 
complications has improved greatly, especially in the fi eld of prevention of bacte-
rial, fungal, and viral infections. 

 The impact of antimicrobial prophylaxis had been much more controversial until 
recently when new data suggested that chemoprophylaxis might be able not only to 
reduce the incidence of infectious complications but also to allow the continuation 
of the underlying hematologic disease treatment with a signifi cant impact on the 
overall survival also in high-risk patient populations.  

16.2     Antibacterial Prophylaxis 

16.2.1     Intestinal Decontamination 

 Risk of bacterial infection is directly related to the severity and duration of neutro-
penia. Bacterial infections frequently occur when the neutrophil count is below 
500/mm3 and most of the bacteremias are documented when the neutrophils count 
is below 100/mm3. The risk of bacterial infections increase proportionally to the 
duration of neutropenia: virtually all patients with neutropenia duration longer 
than 2 weeks develop febrile episodes. 

    The practice of chemoprophylaxis for the prevention of bacterial infections in 
neutropenic cancer patients is derived from the observation that most of the bacte-
rial pathogens causing infection originated from the patient’s endogenous fl ora of 
the gastrointestinal tract [ 1 ]. Oral and gastrointestinal chemotherapy-induced 
mucositis represents a main risk for bacterial entry directly into the bloodstream. 
The administration of nonabsorbable antibiotics aimed at suppressing the intestinal 
bacterial fl ora and at preventing the acquisition of exogenous organisms repre-
sented the fi rst antibacterial prophylaxis schedule in neutropenic patients. In the 
fi rst experiences, oral nonabsorbable antibiotics (such as gentamicin, vancomycin, 
framycetin, colistin, neomycin/polymyxin, in various combinations) were admin-
istered with the aim to operate a total intestinal decontamination involving both 
aerobic and anaerobic microorganisms [ 2 ,  3 ]. However, poor compliance related to 
gastrointestinal side effects, uncertain data on its effi cacy, and the risk of coloniza-
tion with resistant opportunistic pathogens coming from the hospital fl ora made 
this procedure very unpopular in the clinical practice [ 4 ]. Afterward, oral nonab-
sorbable unselective antibiotics were substituted with other antibacterial agents, 
fi rst of all trimethoprim/sulfamethoxazole, characterized by their activity against 
bacterial aerobic fl ora while preserving the anaerobic fl ora. This practice was 
defi ned as selective intestinal decontamination [ 5 ,  6 ].  
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16.2.2     The Fluoroquinolones 

 The concept of selective intestinal decontamination with oral absorbable antibiotics, 
such as trimethoprim/sulfamethoxazole, which operate directly not only in the gastro-
intestinal tract but also with their systemic action, represented the main reason for the 
increasing interest in this setting on a new class of oral antibiotics, the fl uoroquino-
lones, which, owing to their antimicrobial activity and pharmacokinetic characteris-
tics, are now the most attractive agents for antibacterial prophylactic use in neutropenic 
patients. Fluoroquinolones have bactericidal activity and a broad antimicrobial spec-
trum that includes enterobacteriaceae,  Pseudomonas  spp., and some Gram-positive 
cocci, but little or no activity on intestinal anaerobic fl ora (with the exception of moxi-
fl oxacin). Most fl uoroquinolones are well absorbed by the oral route and, probably 
due to active intestinal secretion, are excreted in high concentration in the feces. These 
antibiotics are usually well tolerated with a favorable patient compliance. 

 Several studies published prior to 2005 showed a reduction in the number of 
infectious episodes, particularly by Gram-negative pathogens, in neutropenic 
patients under fl uoroquinolone prophylaxis, but failed to demonstrate a reduction in 
Gram-positive infections and in mortality [ 7 – 10 ]. However, a meta-analysis of 
placebo- controlled or no treatment-controlled trials of fl uoroquinolone prophylaxis 
demonstrated a relative risk reduction of 48 and 62 % in all-cause mortality and 
infection-related mortality, respectively, among fl uoroquinolone recipients [ 11 ]. 
The patient population who took benefi t from prophylaxis had hematologic malig-
nancies or received SCT, with durations of neutropenia typically >7 days, a condi-
tion at high risk for bacterial infections. 

 In view of the need to reevaluate the role of antibacterial prophylaxis in neutrope-
nic cancer patients after 20 years of wide use in clinical practice and to better defi ne 
the categories of patients that might benefi t from chemoprophylaxis, two multicenter, 
large controlled trials have been conducted in Europe and published in 2005 [ 12 ,  13 ]. 

 The Italian GIMEMA group conducted a double-blind, placebo-controlled trial 
of 760 hospitalized high-risk adult patients with prolonged neutropenia (<1,000 
neutrophils/mm 3  for >7 days) [ 12 ]. The trial included patients with acute leukemia, 
lymphoma, and solid tumors receiving high-dose chemotherapy. Participants were 
randomized to receive levofl oxacin or placebo from the start of chemotherapy until 
resolution of neutropenia. The study demonstrated a statistically signifi cant reduc-
tion in the incidence of fever in patients receiving levofl oxacin compared to the 
placebo group (65 versus 85 %,  p  < 0.001) associated with a nonsignifi cant decrease 
in mortality in the levofl oxacin arm. The second study, the British SIGNIFICANT 
trial, regarded 1,565 patients receiving cyclical chemotherapy for solid tumors or 
lymphoma at risk of temporary neutropenia and classifi ed as at low risk [ 13 ]. 
Patients randomly received either levofl oxacin or placebo for 7 days during the 
expected neutropenic period. A signifi cant reduction in febrile episodes was docu-
mented in the levofl oxacin group during the fi rst cycle of chemotherapy (3.5 versus 
7.9 %,  P  ≤ 0.001) and all cycles of treatment (10.8 versus 15.2 %,  P  = 0.01), but no 
effect on documented infections was observed. These experiences indicate a 
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potentially important role of levofl oxacin prophylaxis in high-risk patients with pro-
longed neutropenia but not in low-risk patient populations. 

 Based on the above studies, international guidelines on antibacterial prophylaxis 
have been updated. European and American guidelines have been summarized in 
Tables  16.1  and  16.2 , respectively [ 14 ,  20 ].

16.2.3         The Emerging Problem of Resistance to Fluoroquinolones 

 The major drawback of the routine use of prophylaxis is the emergence of 
 fl uoroquinolone resistance in both Gram-positive and Gram-negative  organisms 
[ 22 – 26 ]. This phenomenon was well described by a retrospective analysis of 
the database of International Antimicrobial Therapy Group of the European 
Organization for Research and Treatment of Cancer (IATG-EORTC) from studies 

      Table 16.1    European Conference on Infection in Leukemia (ECIL) guidelines on antimicrobial 
prophylaxis in hematology patients [ 14 – 17 ]   

 Type of prophylaxis and 
clinical condition  Recommendation and grading a  

  Antibacterial prophylaxis  

 Patients with acute 
leukemia and adult SCT 
recipients after 
myeloablative therapy 

 A fl uoroquinolone with systemic activity including  P. aeruginosa  
should be used 

 Oral levofl oxacin: 500 mg od (AI) 

 Oral ciprofl oxacin: 500 mg bid (AI) 

 Oral norfl oxacin: 400 mg bid (BI) (Less effective than 
ciprofl oxacin) 

 Oral ofl oxacin: 200–300 mg bid (BI) (less tested than ciprofl oxacin 
in RCTs and at variable daily doses, lower activity against  P. 
aeruginosa  spp. and less effective than ciprofl oxacin) 

  Antifungal prophylaxis  

 Leukemia patients, 
induction chemotherapy 

 Oral Posaconazole (200 mg t.i.d.) (AI) 

 Oral or IV Fluconazole (400 mg q.d.) (CI) 

 Itraconazole oral solution (2.5 mg/kg b.i.d.) (CI) 

 Echinocandins IV: Insuffi cient data 

 Polyenes IV (CI) 

 Aerosolized liposomal AmB plus fl uconazole (BI) 

 Allogeneic SCT 
recipients, initial 
neutropenic phase 

 Oral or IV Fluconazole (400 mg q.d.) AI 

 Itraconazole (200 mg i.v. followed by oral solution 200 mg b.i.d.) 
BI 

 Posaconazole BIIb 

 Voriconazole (200 mg b.i.d. oral) Provisional BI b  

 Micafungin (50 mg q.d. iv) CI 

 Polyenes i.v.CI 

 Aerosolized liposomal AmB plus fl uconazole BII 
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 Type of prophylaxis and 
clinical condition  Recommendation and grading a  

 Allogeneic SCT 
recipients, GVHD 
phase 

 Posaconazole (200 mg t.i.d. oral) AI 

 Oral or IV Fluconazole (400 mg q.d.) CI 

 Itraconazole (200 mg i.v. followed by oral solution 200 mg b.i.d.) 
BI 

 Voriconazole (200 mg b.i.d. oral) Provisional BI b  

 Echinocandins: Insuffi cient data 

 Polyenes i.v.CI 

 Aerosolized liposomal AmB plus fl uconazole Insuffi cient data 

  Antiviral prophylaxis  

 Herpes simplex virus 
(HSV) 

 Antiviral drug prophylaxis is not recommended in HSV-seronegative 
leukemic patients during chemotherapy or after SCT (DIII). 
HSV-seropositive patients undergoing allogeneic HSCT for acute 
leukemia should receive antiviral drug prophylaxis(AI). HSV- 
seropositive patients treated for acute leukemia by chemotherapy 
alone should be considered for antiviral drug prophylaxis (BIII) 

 Intravenous (5 mg/kg q12h) or oral acyclovir (from 3 × 200 to 
2 × 800 mg/day) (AI) or oral valaciclovir (2 × 500 mg/day) (BIII) 
should be given prophylactically for 3–5 weeks after start of 
chemotherapy or after SCT and for longer periods of time in 
children treated for acute leukemia. Allogeneic SCT recipients, 
who develop GVHD or receive immunosuppressive treatment, 
including steroids, usually require prolonged HSV prophylaxis 
(BII) 

 Varicella-zoster virus 
(VZV) 

 Passive immunization with i.v. VZIG (at a dose of 0.2–1 ml/kg) or 
i.m. ZIG or IVIG (300–500 mg/kg) should be given within 96 h after 
exposure to VZV-seronegative leukemic patients on chemotherapy 
and those receiving steroids and to VZV-seronegative SCT 
recipients, patients who have chronic GVHD, who are on 
immunosuppressive treatment, or whose SCT was within 2 years 
(AII). Where passive immunization is not available, post-exposure 
prophylaxis with acyclovir (800 mg four times daily; 600 mg/m 2  
four times daily for children), valaciclovir (1,000 mg three times 
daily; 500 mg three times daily for <40 kg body weight), or 
famciclovir (500 mg three times a day) is recommended, starting 
during 3–21 days after exposure (AIII). If a second exposure occurs 
more than 21 days after a dose of passive immunization or after the 
administration of the antiviral prophylaxis, prophylaxis should be 
readministered (CIII) 

 Prophylaxis in VZV-seropositive patients is optional (CIII). 
Determination of VZV IgG serostatus before transplant is 
recommended for all SCT candidates (AIII). Prophylaxis with oral 
acyclovir (800 mg twice daily) or valaciclovir (500 mg once or 
twice daily) is recommended for seropositive allo-SCT recipients 
for 1 year (AII), or longer in the presence of GVHD and 
immunosuppressive therapy (BII). Prophylaxis in autologous SCT 
is controversial 

(continued)

Table 16.1 (continued)
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of empiric antibacterial therapy in neutropenic patients conducted between 1983 
and 1993 [ 26 ]. During this period the proportion of neutropenic cancer patients 
who received fl uoroquinolone prophylaxis increased from 1.4 to 45 % and an 
increase in strains of  Escherichia coli  resistant to fl uoroquinolones from 0 to 
27 % was observed. Based on the above data, guidelines for the management of 
febrile neutropenia discouraged the widespread use of prophylaxis in neutrope-
nic cancer patients [ 27 ]. 

 However, the clinical implications of fl uoroquinolone resistance continued to be 
investigated. A systematic review of the effect of quinolone prophylaxis on antimi-
crobial resistance in afebrile neutropenic patients which included 7,878 patients in 
56 trials has been published in 2007 [ 28 ]. Of the 22 trials comparing fl uoroquino-
lones versus placebo or no intervention, only three reported on colonization by 
resistant organisms by the end of follow-up and eight on the proportion of patients 
with fl uoroquinolone-resistant infections. A nonsignifi cant increase in colonization 
with resistant organisms and no difference in the number of infections caused by 
resistant organism were observed in patients receiving fl uoroquinolones. Prophylaxis 
decreased the overall incidence of infection without affecting the number of resis-
tant infections (51/308 versus 54/154). 

Table 16.1 (continued)

 Type of prophylaxis and 
clinical condition  Recommendation and grading a  

 Cytomegalovirus 
(CMV) 

 A preemptive antiviral strategy based on the monitoring of CMV 
(pp65 antigen or quantitative PCR) represents the most widely used 
approach not only in the allogeneic SCT setting but also in other 
patient cohorts at risk of CMV infection and disease such as patients 
with chronic lymphocytic leukemia under alemtuzumab therapy. 
Antiviral chemoprophylaxis is an alternative to preemptive therapy 
in subgroups of patients at high risk for CMV disease. Intravenous 
ganciclovir prophylaxis is an effective strategy for the prevention of 
CMV disease in subgroups of allo-SCT patients at high risk for 
CMV disease (BI), but toxicity concerns and the potential for 
resistance to ganciclovir among CMV hamper its unselected 
prophylactic use. Also acyclovir or valacyclovir at high doses can be 
used for CMV prophylaxis in allo-SCT recipients (BI); however, this 
approach must be combined with serial CMV monitoring and 
preemptive therapeutic intervention (AI). Immune globulin has no 
role as prophylaxis against CMV infection (EII). Valganciclovir 
prophylaxis is effective and reduces the risk of symptomatic CMV 
infection in patients receiving alemtuzumab (BII) 

   a  Strength of recommendation : A Good evidence to support a recommendation for use; B Moderate 
evidence to support a recommendation for use, C Poor evidence to support a recommendation 
  Quality of evidence : I Evidence from _1 properly randomized, controlled trial II Evidence from _1 
well-designed clinical trial, without randomization; from cohort or case-controlled analytic studies 
(preferably from 11 center); from multiple time-series; or from dramatic results from uncontrolled 
experiments; III Evidence from opinions of respected authorities, based on clinical experience, 
descriptive studies, or reports of expert committees 
  b for ECIL 5, 2013 guidelines see   http://www.kobe.fr/ecil/telechargements2013/ECIL5antifungal
prophylaxis%2020062014Final.pdf      
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     Table 16.2    Infectious Diseases Society of America (IDSA) guidelines on antimicrobial prophy-
laxis in hematology patients [ 20 ,  21 ]   

 Type of prophylaxis 
and clinical condition  Recommendation and grading (see Table  16.1  legend) 

 Antibacterial 
prophylaxis in 
high-risk neutropenic 
patients 

 Fluoroquinolone prophylaxis should be considered for high-risk 
patients with expected durations of prolonged and profound 
neutropenia (ANC <100 cells/mm 3  for >7 days) (BI). Levofl oxacin and 
ciprofl oxacin have been evaluated most comprehensively and are 
considered to be roughly equivalent, although levofl oxacin is preferred 
in situations with increased risk for oral mucositis-related invasive 
viridans group streptococcal infection. A systematic strategy for 
monitoring the development of fl uoroquinolone resistance among 
Gram-negative bacilli is recommended (AII). Addition of a Gram- 
positive active agent to fl uoroquinolone prophylaxis is generally not 
recommended (AI) 

 Antibacterial 
prophylaxis in 
low-risk neutropenic 
patients 

 Antibacterial prophylaxis is not routinely recommended for low-risk 
patients who are anticipated to remain neutropenic for <7 days (AIII) 

 Prophylaxis against 
Candida infections in 
high-risk neutropenic 
patients 

 Recommended in patient groups in whom the risk of invasive candidal 
infections is substantial, such as allogeneic SCT recipients or those 
undergoing intensive remission induction or salvage induction 
chemotherapy for acute leukemia (A-I). Fluconazole, itraconazole, 
voriconazole, posaconazole, micafungin, and caspofungin are all 
acceptable alternatives 

 Prophylaxis against 
Aspergillus 
infections in 
high-risk neutropenic 
patients 

 Prophylaxis with posaconazole should be considered for selected 
patients >13 years of age who are undergoing intensive chemotherapy 
for AML/MDS in whom the risk of invasive aspergillosis without 
prophylaxis is substantial (BI) 

 Prophylaxis against Aspergillus infection in pre-engraftment 
allogeneic or autologous transplant recipients has not been shown to 
be effi cacious. However, a mold-active agent is recommended in 
patients with prior invasive aspergillosis (AIII), anticipated prolonged 
neutropenic periods of at least 2 weeks (CIII), or a prolonged period 
of neutropenia immediately prior to HSCT (CIII) 

 Prophylaxis against 
Aspergillus 
infections in 
allo-SCT recipients 
with severe GvHD 

 Antifungal prophylaxis with posaconazole can be recommended in 
HSCT recipients with GVHD who are at high risk for invasive 
aspergillosis (AI) 

 Antifungal 
prophylaxis in 
low-risk neutropenic 
patients 

 Antifungal prophylaxis is not recommended for patients in whom the 
anticipated duration of neutropenia is <7 days (AIII) 

 Antiviral prophylaxis 
during neutropenia 

 HSV-seropositive patients undergoing allogeneic HSCT or leukemia 
induction therapy should receive acyclovir antiviral prophylaxis (AI). 
Other herpesvirus infections occur in the post-HSCT setting, including 
infections due to cytomegalovirus and human herpesvirus 6. However, 
neutropenia is not a predisposition to reactivation of either virus; thus, 
prevention strategies for these 2 herpes viruses are not discussed 
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 In summary, after more than two decades of use of fl uoroquinolones for prophy-
laxis of infections in neutropenic cancer patients, the problem of resistance and its 
clinical implication remains controversial. Considering that the impact of fl uoroqui-
nolone resistance on the overall outcome of the patients, including survival, has not 
been clearly established, the increasing levels of resistance in a hematologic unit 
may be a poor indicator of potential clinical disadvantage or benefi t associated with 
antibacterial prophylaxis. Based on the published data, it does not appear that the 
risk of resistance offsets the favorable impact of fl uoroquinolone prophylaxis on 
mortality, microbiologically documented infections, number of febrile episodes, 
and costs. On the other hand, in view of the improved diagnostic strategies and 
management of febrile neutropenia, which may positively affect the outcome of 
neutropenic patients and of the increasing phenomenon of fl uoroquinolone resis-
tance over time with possible cross-resistance to other antibiotics, it would seem 
prudent to carefully monitor bacterial resistance and to periodically reevaluate the 
profi ciency of the practice of antibacterial prophylaxis.   

16.3     Antifungal Prophylaxis 

16.3.1     Rational for Antifungal Prophylaxis 

 Patients with hematologic malignancies are at high risk of invasive fungal diseases 
(IFD), predominantly invasive aspergillosis (IA) and candidiasis, during prolonged 
chemotherapy-induced neutropenia and following allogeneic SCT particularly in case 
of acute or chronic graft versus host disease (GVHD) requiring immunosuppressive 
therapy. Considering that an early diagnosis is diffi cult to obtain, the prophylaxis of 
such complications is appealing. Prevention strategies are based on environmental 
precautions and antimicrobial treatment. While there is a general agreement in the 
role of the air fi ltration for the control of airborne fi lamentous fungal infections, the 
indication of pharmacological prophylaxis is still debated [ 29 – 31 ]. 

 The prophylactic use of antifungals in some categories of hematologic patients 
has become standard practice of care and may be directed either to primary preven-
tion of invasive fungal infections (primary antifungal prophylaxis or PAP) or to 
decrease the risk of recurrence of a previous IFD (secondary antifungal prophylaxis 
or SAP). 

 However, evidence supporting the effi cacy of the prophylactic strategy is sub-
jected to several variables: etiology of IFD (yeast vs. mold infections), underlying 
disease or conditions (acute leukemia vs. auto-SCT vs. allo-SCT), risk factors or 
periods (neutropenia vs. GVHD), and obviously different antifungal drugs (azoles, 
polyenes, nonabsorbable antifungals). 

 Patient populations likely to benefi t from PAP should be identifi ed as well as the 
impact of this strategy in reducing IFD (yeast vs. molds), overall mortality, fungal- 
related mortality, use of empiric antifungal therapy, and toxicity. The emergence of 
resistant fungal pathogens, duration of prophylaxis, and the need for therapeutic 
drug monitoring (TDM) of blood levels should be also considered [ 32 ,  33 ].  
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16.3.2     Primary Antifungal Prophylaxis 

16.3.2.1     Fluconazole and Itraconazole 
 Until a few years ago, only fl uconazole and itraconazole had been evaluated in ran-
domized, controlled trials for PAP in patients with hematologic disorders [ 34 – 42 ]. 
In allo-SCT, fl uconazole 400 mg once daily reduced the incidence of IFD, overall 
and attributable mortality, and use of empiric antifungals and was associated with 
improved long-term survival probably for its potential role in the containment of 
severe GVHD [ 34 – 36 ]. In autologous SCT, fl uconazole showed to reduce attribut-
able mortality, but the impact on reducing overall mortality, IFD, and empiric use of 
antifungals was less clear [ 34 ]. In AML, fl uconazole reduced IFD, but no clear 
impact was documented on overall and attributable mortality and the need for 
empiric use of antifungals [ 37 ,  38 ]. 

 Itraconazole is an azole with anti-Aspergillus activity and a variable oral absorp-
tion. There is a strong link of blood concentrations to drug effi cacy and TDM is 
indicated especially in case of gastrointestinal dysfunction and potentially harmful 
co-medication. For IFD prophylaxis target trough blood levels should be above 
0.5 mg/l [ 4 ]. In a meta-analysis, itraconazole showed to be effi cacious in reducing 
IFD, IA, and fungal-related mortality when used in patients with hematologic malig-
nancies [ 39 ]. In an open-label trial, itraconazole IV/PO was compared to fl uconazole 
for long-term prophylaxis in allo-SCT. IFD were documented in 9 % of patients 
treated with itraconazole vs. 25 % of those receiving fl uconazole, but overall mortal-
ity was similar and gastrointestinal side effects were more frequently documented in 
the itraconazole group (24 % vs. 9 %) [ 40 ]. In another open-label trial, itraconazole 
was compared to fl uconazole in allo-SCT pts. IFD documented while on treatment 
were 7 % in the itraconazole-treated patients vs. 15 % in those receiving fl uconazole, 
but at the end of follow-up, no difference was noted (13 % vs. 16 %). More patients 
were discontinued from itraconazole because of toxicity or gastrointestinal intoler-
ance (36 % vs. 16 %) [ 41 ]. A further randomized study which compared itraconazole 
oral solution with fl uconazole oral solution as PAP in 494 neutropenic non-transplant 
patients with hematologic malignancies reported no differences in the effi cacy and 
safety of the two PAP regimens [ 42 ]. However, the incidence of IFDs in this study 
was too low (1.6 % of patients in the itraconazole group and 2 % of patients in the 
fl uconazole group) to detect any signifi cant effi cacy difference [ 42 ]. 

 Based on these studies, for several years fl uconazole and to a less extent itracon-
azole were the only drugs recommended for primary prophylaxis against  Candida  
infection in neutropenic patients and allogeneic SCT recipients [ 43 ,  44 ]. However, a 
major limitation of a  Candida  oriented prophylaxis is the lack of activity against 
molds, which now represent the most frequent cause of IFDs in such populations. In 
the past years, the consciousness of the epidemiological impact of IA and less com-
mon molds, including zygomycetes, Fusarium species, and Scedosporium species, 
has increased worldwide. At the same time, new broad-spectrum and well-tolerated 
antifungal drugs, in particular second-generation triazoles and echinocandins, became 
available, and prospective, controlled trials have been conducted to  investigate their 
ability to prevent IFDs in high-risk hematologic patients [ 18 ,  19 ,  45 – 49 ].  
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16.3.2.2     Posaconazole 
 Posaconazole, a second-generation triazole with broad spectrum of activity, includ-
ing  Aspergillus  spp. and zygomycetes fungal group, is available in oral formulation 
only. The pharmacokinetics are characterized by marked interpatient variability 
mainly due to erratic bioavailability: the absorption of posaconazole is enhanced by 
co-administration with food, nutritional supplements, and low-pH beverage (cola), 
while it is reduced with co-administration of omeprazole. TDM is strongly sug-
gested during posaconazole prophylaxis and target trough blood levels should be 
above 0.5 mg/l [ 32 ,  33 ]. A new tablet oral formulation and an intravenous formula-
tion of posaconazole with less pharmacokinetic problems will soon be available. 

 Two phase III clinical studies indicated that posaconazole at a dose of 200 mg PO 
TID was at least non-inferior to a standard-of-care azole antifungal agent for prevent-
ing IFDs in acute myeloid leukemia and allo-SCT patients [ 45 ,  46 ]. The fi rst study 
was a multicenter, randomized, open-label trial that compared posaconazole with fl u-
conazole (400 mg/day) or itraconazole (200 mg/bid) for the prophylaxis of IFDs in 
602 patients (aged >13 year) at high risk for neutropenia after receiving standard 
induction chemotherapy for a new diagnosis or fi rst relapse of acute myelogenous 
leukemia or myelodysplastic syndrome [ 45 ]. Study drugs were administered at the 
start of each cycle of chemotherapy and were continued for a maximum of 12 weeks 
or until recovery from neutropenia and complete remission or occurrence of an IFD or 
adverse reaction to study drug. The primary effi cacy end point was the incidence of 
proven or probable IFDs from randomization to the end of the oral treatment phase. 
Signifi cantly fewer patients in the posaconazole arm compared with the fl uconazole/
itraconazole arm developed an IFD during the oral treatment phase (2 % vs 8 %, 
respectively;  p  = 0.001). While there was only a minor difference in the frequency of 
infections caused by  Candida  spp. between groups during the oral treatment phase, 
signifi cantly fewer patients in the posaconazole group had IA (1 % vs. 7 %,  p  < 0.001). 
Survival was signifi cantly longer among recipients of posaconazole than among 
recipients of fl uconazole or itraconazole ( p  = 0.04). Serious adverse events possibly or 
probably related to treatment were reported in 6 % and 2 % of patients in the posacon-
azole and fl uconazole or itraconazole group, respectively ( P  = 0.01). 

 The second study was a randomized, double-blind, multicenter trial in which 
posaconazole was compared with fl uconazole (400 mg/day) for prophylaxis of IFDs 
in 600 allogeneic SCT recipients (aged >13 years) with GVHD [ 46 ]. Treatment was 
continued for 112 days or until the occurrence of a proven or probable IFD. The 
primary effi cacy end point was the incidence of proven or probable IFDs during the 
period from randomization to day 112. The mean duration of posaconazole and 
fl uconazole therapy was 80 days and 77 days, respectively. At the end of the fi xed 
112-day treatment period, the overall rates of IFD did not differ signifi cantly 
between the two drugs (5.3 % in posaconazole group vs 9.0 % in fl uconazole group; 
 p  = 0.07). Although the incidence of infections caused by  Candida  spp. was similar 
in both groups (<1 % of patients in either arm), posaconazole was superior to fl uco-
nazole in preventing proven or probable IA (2.3 % vs. 7.0 %;  p  = 0.006). During 
exposure period, in the posaconazole group, as compared with the fl uconazole 
group, there were fewer breakthrough IFDs (2.4 % vs. 7.6 %,  p  = 0.004), particularly 
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IA (1.0 % vs. 5.9 %,  p  = 0.001). Overall mortality was similar in the two groups, but 
the number of deaths from IFDs was lower in the posaconazole group (1 %, vs. 4 %; 
 p  = 0.046). The incidence of treatment-related adverse events was similar in the two 
groups (36 % in the posaconazole group and 38 % in the fl uconazole group), and the 
rates of treatment-related serious adverse events were 13 % and 10 %, 
respectively.  

16.3.2.3     Voriconazole 
 Voriconazole, a second-generation triazole with anti-Aspergillus activity, is charac-
terized by a highly variable pharmacokinetic profi le (intra- and inter-subjects) either 
with IV or oral formulation mostly due to differences in the ability to metabolize the 
drug via the CYP2C19 P450 enzyme. Polymorphisms in the gene encoding this 
enzyme are common and result in variable rates of voriconazole metabolism. 
Additional factors that impact voriconazole metabolism are represented by liver 
disease, age, and co-medications interacting with CYP2C19 and CYP3A. As dem-
onstrated in several studies, a large number of patients receiving voriconazole for 
therapy or prophylaxis may reach subtherapeutic or too high blood levels; therefore, 
also for this triazole TDM is strongly suggested in order to obtain plasma through 
levels ranging from 1 to 6 mg/L [ 32 ,  33 ,  50 ]. 

 Two controlled studies of PAP with voriconazole have been conducted in allo- 
SCT patients [ 18 ,  19 ]. In the fi rst study of primary prophylaxis, voriconazole was 
compared to fl uconazole (295 patients vs 305 patients) in a randomized, double 
blind trial [ 18 ]. This study was characterized by a predefi ned, structured fungal 
screening program in order to obtain early diagnosis and therapy of fungal infec-
tions and to minimize morbidity and mortality. Patients undergoing myeloablative 
allo-SCT were randomized before transplant to receive study drugs for 100 days or 
for 180 days in higher risk patients. The primary end point was freedom from IFD 
or death (fungal-free survival, FFS) at 180 days. Despite trends to fewer IFDs 
(7.3 % vs. 11.2 %,  p  = 0.12), Aspergillus infections (9 vs. 17,  p  = 0.09), and less 
frequent empiric antifungal therapy (24.1 % vs. 30.2 %, p = 0.11) with voriconazole, 
FFS rates at 180 days were similar (75 % with fl uconazole vs. 78 % with voricon-
azole,  p  = 0.49). Relapse-free and overall survival and the incidence of severe 
adverse events were also similar. This study demonstrates comparable effi cacy of 
fl uconazole or voriconazole prophylaxis in allo-SCT patients; however, a careful 
interpretation of the results is required. The study population considered in this trial 
was at lower risk of IFD as compared to a real-life allo-SCT population. Indeed, 
about 90 % of patients had a standard disease risk status, over half of transplants 
were matched related, the HLA match was 6/6 in 96 % of cases, half of patients did 
not develop acute or chronic GVHD, and the incidence of disease relapse/progres-
sion was only about 10 %. One would be interested to evaluate voriconazole’s per-
formance in a higher risk population. This consideration is even more valid when 
looking at the results among patients with acute myeloid leukemia, a population at 
higher risk for IFD and with a poorer fungal-free survival. Interestingly, in this 
patient population voriconazole reduced IFDs (8.5 % vs 21 %;  p  = 0.04) and 
improved FFS (78 % vs 61 %;  p  = 0.04) compared to fl uconazole [ 51 ]. 
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 The second study of primary prophylaxis compared voriconazole (200 mg b.i.d.) 
versus itraconazole (200 mg b.i.d.) in 489 patients receiving allogeneic HSCT for at 
least 100 days and up to 180 days from conditioning [ 19 ]. The primary objective 
was assessed on a composite end point, including survival at 180 days after trans-
plant, no proven or probable breakthrough IFD, and no discontinuation of the study 
drug for more than 14 days during the 100-day prophylactic period. The voricon-
azole arm met the criteria for superiority in the primary end point when compared 
with the itraconazole arm (49.1 versus 34.5 %,  p  = 0.0004). The median duration of 
voriconazole prophylaxis was longer (97 days) than that of itraconazole (68 days), 
likely because of signifi cantly more gastrointestinal adverse events (nausea, vomit-
ing, and diarrhea) in the itraconazole group. However, the main concern with this 
study was the low rate of proven or probable IFDs (three in the voriconazole arm 
and six in the itraconazole arm).  

16.3.2.4     Echinocandins 
 In a randomized, double-blind trial, micafungin, 50 mg/day iv, was compared to 
fl uconazole 400 mg/day in 882 SCT patients during the neutropenic phase [ 47 ]. 
Treatment success was 80 % for micafungin-treated group (340/425) vs. 73.5 % for 
the fl uconazole-receiving patients (336/457) ( p  = 0.03). Aspergillosis was docu-
mented respectively in 1 vs. 7 cases. Empiric antifungal therapy was needed in 15 % 
vs. 21 % of the patient population. An increase in  C. albicans  colonization in mica-
fungin arm was also documented. Criticisms were based on few pts, not exclusively 
high-risk and few proven IFD. 

 Caspofungin, 50 mg i.v. daily, was compared to IV itraconazole 200 mg as pro-
phylactic antifungal therapy in 192 neutropenic patients with hematologic malig-
nancies. No difference was documented between the treatment groups for success 
of prophylaxis (52 % vs. 51 %), proven or probable IFD (7 vs. 5), use of systemic 
antifungals for pneumonia or FUO (37 % vs. 34 %), fungal deaths: (4 vs 2) and 
tolerability [ 48 ].  

16.3.2.5     Aerosolized Amphotericin B 
 Aerosolized liposomal amphotericin B, 10 mg twice weekly, was tested in a single 
center, double-blind, placebo-controlled trial in 271 patients with hematologic 
malignancies with neutropenia following chemotherapy or SCT. Both groups 
received fl uconazole. Less proven/probable invasive pulmonary aspergillosis were 
documented in patients receiving aerosolized liposomal amphotericin B [ 49 ]. 

 Based on the above studies, international guidelines on PAP have been updated. 
European and American guidelines have been summarized in Tables  16.1  and  16.2 , 
respectively [ 15 ,  20 ,  21 ,  52 ].   

16.3.3     Secondary Antifungal Prophylaxis (SAP) 

 An evidence-based approach to SAP in patients with a previous IFD and requiring 
further antileukemic treatment remains a challenging issue. An anti-infective strategy 
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in the leukemia and transplant setting is clinically effective when the control of the 
infections enables the optimal cure of the underlying hematologic disease. Thanks to 
the use of antifungal drugs in SAP, an IFD, including IA, is no more an absolute con-
traindication for continuing care with intensive chemotherapy or SCT. However, very 
little data exist on the factors that could predict IFD reactivation while under SAP, on 
the choice of the best antifungal drug, and on the need of preventative surgical resec-
tion of residual pulmonary lesions. Mainly retrospective studies on secondary antifun-
gal prophylaxis in patients with heterogeneous baseline characteristics and undefi ned 
risk of reactivation have been published so far [ 53 ,  54 ]. The largest series until now 
reported is represented by a retrospective survey of the Infectious Diseases Working 
Party of the European Group for Blood and Marrow Transplantation (EBMT) on 129 
patients with a previous history of probable or proven IA who underwent allogeneic 
SCT [ 53 ]. The cumulative incidence of IA progression after transplant was 22 % at 
2 years and duration of neutropenia post- transplant, status of the underlying disease, 
and length of anti-Aspergillus therapy pre-transplant represented determinant factors 
for progression or reactivation of IA while under SAP. 

 The fi rst prospective experience on SAP in hematologic patients has been pub-
lished in 2010 [ 55 ]. Voriconazole (4 mg/kg/12 h intravenously or 200 mg/12 h orally) 
was evaluated in a prospective, open-label, multicenter trial as SAP in 45 allogeneic 
SCT recipients with previous proven or probable IFD (IA in 31 cases). The primary 
end point of the study was the incidence of proven or probable recurrent of new IFD 
after transplant. The median duration of voriconazole prophylaxis was 94 days. 
Eleven patients (24 %) died within 12 months of transplantation, but only one due to 
an IFD. The 1-year cumulative incidence of IFD was 6.7 ± 3.6 %. Two relapses of 
infection (one candidemia and one fatal scedosporiosis) and one new breakthrough 
zygomycosis in a patient with a previous IA occurred post- transplantation. None of 
the 31 patients with a previous IA experienced recurrence of their infection. 
Voriconazole was discontinued in only two patients because of treatment-related 
hepatotoxicity. This study demonstrated that SAP may be useful in patients with 
previously documented and fully resolved IFD facing a new episode of prolonged 
neutropenia (usually chemotherapy-induced) or severe immunosuppression (usually 
transplantation). Different is the evidence of the effi cacy of a SAP in patients with 
active infection or with persistent radiological abnormalities [ 56 ]. Strictly speaking, 
the treatment with antifungal drugs of a not yet resolved IFD should not be desig-
nated as SAP. In these cases other terms such as maintenance or continuous antifun-
gal therapy may be more appropriate. On the other hand, previous studies on patients 
undergoing intensive chemotherapy or SCT after an IFD had been occurred included 
also patients with residual or active IFD. An evidence-based antifungal approach in 
patients with an IFD not in complete remission who require urgent antileukemic 
treatment is a challenging issue. In the real life, a large number of patients with 
hematologic malignancies undergo allogeneic SCT despite unresolved IFD. When 
the underlying malignancy is at high risk of relapse or progression, an early trans-
plant procedure may be required without time for a prolonged antifungal therapy and 
for the achievement of the infection complete remission before transplant. Such situ-
ation is increasingly encountered in the clinical practice and represents a serious 
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therapeutic problem. In retrospective studies of patients with prior IFD undergoing 
allogeneic SCT, the infection was in partial remission, stable phase, or progression in 
about half of the cases, and persistent radiographic abnormalities were associated 
with increased risks of post-transplant relapse or progression of the infection and of 
IFD-related death. Prior IFD no longer represents a contraindication to allogeneic 
SCT. However, while SAP in patients with a resolved infection is able to minimize 
the risk of relapse after transplant, patients with an active/not resolved IFD at the 
time of transplant or chemotherapy continues to be at risk of a potentially fatal reac-
tivation. The role of suppressive/continuous antifungal treatment and of preventive 
surgical resection of residual pulmonary lesions should be properly investigated in 
order to identify a tailored antifungal prevention strategy.  

16.3.4     Open Issues in Antifungal Prophylaxis of Hematologic 
Patients 

 Several open issues in the prophylaxis of IFDs in patients with hematologic disor-
ders deserve careful consideration. Recommendations of international guidelines 
refl ect important progresses obtained in the prevention of IFDs, including those 
caused by fi lamentous fungi, but they have been unable to generate a consensus for 
optimal prophylaxis of IFDs in the complex scenario of hematologic disorders, par-
ticularly in the transplant setting. This problem has been underlined in a recent 
consensus process by the Gruppo Italiano Trapianto di Midollo Osseo (GITMO), 
which was undertaken to describe and evaluate current information and practice 
regarding risk stratifi cation and PAP during pre-engraftment and post-engraftment 
phases after allogeneic SCT [ 57 ]. The recommendations were based on the evalua-
tion of recent literature including a large, prospective, multicenter epidemiological 
study in allogeneic SCT recipients conducted among the GITMO transplant centers 
during the period 2008–2010 [ 58 ]. A new risk stratifi cation of allogeneic SCT 
patients was proposed for the identifi cation of types and phases of transplant at low, 
standard, and high risk for IFD according to the underlying disease, transplant and 
post-transplant factors. The risk stratifi cation was the critical determinant of a tai-
lored PAP approach in the different allogeneic SCT settings [ 57 ]. 

 Additional well-designed studies in PAP and SAP are needed, not only to evalu-
ate the effi cacy of new antifungal drugs but also to defi ne risk stratifi cation criteria 
and tailored prevention strategies. An updated epidemiological consciousness is 
required in order to individualize specifi c measures aimed at the prophylaxis of 
IFDs in the different clinical settings of hematologic malignancies.   

16.4     Prophylaxis of Pneumocystis Pneumonia 

 Pneumocystis pneumonia (PcP), caused by  Pneumocystis jirovecii  (formerly 
 Pneumocystis carinii ), is a common cause of pneumonia among immunocompro-
mised individuals. Although the effi cacy of PcP prophylaxis in hematologic and 
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SCT patients has not been assessed in controlled clinical trials, PcP prophylaxis is 
currently routine in these patients. PcP prophylaxis is recommended in hematologic 
patients receiving a glucocorticoid dose equivalent to ≥20 mg of prednisone daily 
for 1 month or longer, allogeneic SCT recipients, patients with acute lymphoblastic 
leukemia, patients receiving certain immunosuppressive drugs (e.g.,   alemtuzumab    , 
  purine     analogs), and selected autologous SCT recipients (including those who have 
a lymphoprolipherative malignancy, have undergone graft manipulations as CD34 
selection, or have recently received purine analogs). 

 A review of the literature published in 2007 showed that trimethoprim-sulfa-
methoxazole prophylaxis is highly effective in preventing PcP infection in immuno-
compromised non-HIV-infected patients lowering its incidence by 91 % and its 
mortality by 83 % [ 59 ]. Trimethoprim-sulfamethoxazole may be given as one dou-
ble-strength tablet daily or three times per week or as one single-strength tablet daily. 
Atovaquone, dapsone, monthly aerosolized pentamidine, clindamycin, and prima-
quine may be used in patients who cannot tolerate trimethoprim-sulfamethoxazole.  

16.5     Antiviral Prophylaxis 

16.5.1     Rational for Antiviral Prophylaxis 

 Several viral infections may occur in patients with hematologic diseases or SCT 
recipients. There are good reasons to try to prevent viral diseases, however, only for 
herpesviruses and hepatitis B virus (HBV) prophylactic strategies with antiviral 
agents have been defi ned. Both herpesviruses and HBV infections during 
chemotherapy- related neutropenia or after SCT generally constitute reactivations of 
viruses. 

 Up to 80 % of adult patients with leukemia are herpes simplex virus (HSV)-
seropositive and HSV lesions in these patients occur in more than 60 % of patients 
resulting from reactivation of latent virus, whereas primary infection is unusual. 
Following allogeneic transplantation the risk for HSV reactivation is approximately 
80 %, for cytomegalovirus (CMV) is 20–30 %, and for varicella-zoster virus (VZV) 
is 20–50 %, among seropositive recipients without prophylaxis [ 60 – 63 ]. Reactivation 
of chronic hepatitis B in patients undergoing immunosuppressive or antineoplastic 
treatment approximately occurs in 20–50 % of HBsAg-positive patients and can 
result in fulminant hepatitis [ 64 ]. Patients with malignant lymphoma, especially 
those treated with anthracycline-containing chemotherapy, are signifi cantly at 
higher risk [ 65 ]. HBsAg-positive allogeneic SCT recipients are at risk of developing 
severe and possibly fatal hepatic disease and so anti-HBs negative donors for 
HbsAg-positive patients should be vaccinated before stem cell collection if possi-
ble. On the contrary, transplantation of an HBsAg-negative patient with stem cells 
from an HbsAg-positive donor is associated with a high risk of transmission, but 
few patients develop aggressive acute infection or chronic hepatitis B [ 66 – 68 ]. 

 European and American guidelines of antimicrobial prophylaxis of some viral 
infections have been summarized in Tables  16.1  and  16.2 , respectively [ 16 ,  17 ,  20 ].  
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16.5.2     Prophylaxis of HSV Reactivation 

 Primary HSV infection in patients treated for leukemia is unusual, and antiviral 
chemoprophylaxis is thus not recommended in HSV-seronegative leukemia patients 
during chemotherapy or after SCT. On the contrary, prophylaxis with an HSV-active 
agent, such as acyclovir, should be offered to all HSV-seropositive autologous or 
allogeneic SCT recipients and patients with acute leukemia undergoing induction or 
reinduction therapy [ 17 ,  20 ]. Therapy with antiviral agents is aimed both at shorten-
ing the duration of HSV disease and at preventing the dissemination of HSV to 
visceral sites, which can lead to life-threatening conditions. Prophylaxis should be 
given until recovery of the white blood cell count and resolution of mucositis. 
Duration of prophylaxis can be extended for persons with frequent recurrent HSV 
infections or those with GVHD or can be continued as VZV prophylaxis for up to 
1 year. In addition to acyclovir, the newer antiviral compounds valaciclovir and 
famciclovir are active against HSV. Both agents have an oral bioavailability three to 
fi ve times superior to that of oral acyclovir and, although less well studied, are com-
monly used for prevention of HSV reactivation during induction chemotherapy for 
acute leukemia and after SCT.  

16.5.3     Prophylaxis of VZV Primary Infection or Reactivation 

 Seronegative leukemia patients and SCT recipients are at high risk of varicella after 
a face-to-face contact of 5 min or more with a person with varicella or intimate 
contact (touching or hugging) with a person with  herpes zoster . Patients residing in 
the same household or in hospital in the same room or adjacent beds in a large ward 
where there is a contagious person are also at risk. Passive immunization with i.v. 
varicella-zoster-specifi c immunoglobulins (at a dose of 0.2–1 ml/kg) or i.v. normal 
immunoglobulin (300–500 mg/kg) should be given as soon as possible after expo-
sure (<96 h) to VZV-seronegative patients with leukemia on chemotherapy, receiv-
ing steroids, or submitted to SCT with chronic GVHD. In VZV-seropositive patients 
the risk of a new infection after exposure is low but not insignifi cant; therefore, 
some authors suggest to use passive immunization with immunoglobulins also in 
these cases [ 69 ]. The effi cacy of antiviral agents for post-exposure prophylaxis in 
leukemic patients and recipients of SCT is uncertain, but uncontrolled experiences 
seem to suggest that acyclovir, valaciclovir, or famciclovir prophylaxis may reduce 
the incidence of varicella and its severity. The use of antimicrobial prophylaxis after 
exposure may be particularly indicated if immunoglobulin administration in not 
possible starting during 3–21 days after exposure. 

 Although most SCT recipients are VZV-seropositive, they are at risk of virus 
reactivation for a prolonged period after transplant. Therefore, for VZV-seropositive 
allo-SCT recipients, prophylaxis with oral acyclovir (800 mg twice daily; for chil-
dren: 20 mg/kg twice daily) or valaciclovir (500 mg once or twice daily) is recom-
mended for 1 year or longer in the presence of GVHD requiring immunosuppressive 
therapy [ 16 ].  
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16.5.4     Prophylaxis of CMV Reactivation 

 The different preventive strategies for CMV disease include the use of antiviral 
agents, such as chemoprophylaxis, preemptive therapy, or treatment of symptomatic 
CMV infection. The currently available antiviral agents for prevention of CMV 
infection and disease are acyclovir, valacyclovir, ganciclovir, valganciclovir, foscar-
net, and cidofovir. 

 A preemptive antiviral strategy based on the serial monitoring of CMV (pp65 
antigen and/or quantitative PCR) represents the most widely used approach, not 
only in the allogeneic SCT setting but also in other patient cohorts at risk of CMV 
infection and disease such as patients with chronic lymphocytic leukemia under 
alemtuzumab therapy. The frequency of CMV reactivation in other subgroups of 
patients such as autologous SCT recipients and acute leukemia patients is high, but 
the risk of evolution to overt CMV disease is very low; therefore, routine surveil-
lance in these patients is unnecessary and prophylaxis not recommended [ 16 ]. 
However, subgroups of patients including those receiving CD34-selected grafts and 
prior treatment with fl udarabine or other purine analogs are at high risk for acquir-
ing CMV disease; therefore, they should be monitored similar to allogeneic SCT 
recipients [ 70 ]. 

 Antiviral chemoprophylaxis is an alternative to preemptive therapy in subgroups 
of patients at high risk for CMV disease. Intravenous ganciclovir prophylaxis is an 
effective strategy for the prevention of CMV disease in subgroups of allo-SCT 
patients at high risk for CMV disease, but toxicity concerns and the potential for 
resistance to ganciclovir among CMV hamper its unselected prophylactic use. Also 
acyclovir or valacyclovir at high doses can be used; however, this approach must be 
combined with serial CMV monitoring and pre-emptive therapeutic intervention.  

16.5.5     Prophylaxis of HHV-6 and HHV-8 Reactivation 

 Given the low risk of HHV-6 and HHV-8 diseases and the toxicity of the available 
antiviral drugs, chemoprophylaxis of such viral infections is not recommended [ 17 ].  

16.5.6     Prophylaxis of HBV Reactivation 

 Reactivation of hepatitis B is a well-characterized syndrome associated with the 
reappearance or rise of HBV DNA in the serum of a patient with previously inactive 
or resolved HBV infection and is frequently accompanied by reappearance of early 
or late hepatic disease activity. Reactivation of HBV has been reported not only in 
HBsAg-positive patients undergoing systemic chemotherapy but also in a propor-
tion of HBsAg-negative patients with anti-HBc antibodies. HBsAg- positive patients 
with hematologic malignancies undergoing immunochemotherapy are at risk of 
developing severe hepatic disease. However, the most dramatic examples of HBV 
reactivation have been described in patients undergoing allogeneic SCT. Guidelines 
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published by the US Centers for Disease Control and Prevention recommend that all 
patients about to receive chemotherapy for malignant disease be tested for HBsAg 
before cancer treatment is initiated [ 71 ]. 

 Controlled clinical trials and several meta-analyses have shown that prophylaxis 
with nucleoside analogs decreases the incidence of HBV reactivation and the fre-
quency of clinical hepatitis and death from HBV-associated liver injury in patients 
undergoing chemotherapy or SCT [ 72 – 78 ]. Initiating therapy once reactivation has 
occurred appears to be ineffective. Although there are several oral agents approved 
for the treatment of chronic hepatitis B (lamivudine, adefovir, entecavir, tenofovir, 
telbivudine), the published experience in prevention and treatment of HBV reactiva-
tion following chemotherapy is almost entirely limited to lamivudine (100 mg 
daily). Such therapy should start before starting chemotherapy or transplant and 
should continue for at least 6 months after stopping chemotherapy or later in situa-
tions in which long-term immune suppression is required [ 79 ,  80 ]. A major concern 
with prolonged use of lamivudine is the possibility of viral breakthrough following 
the emergence of resistance mutations [ 81 ,  82 ]. Alternative antiviral agents such 
adefovir, entecavir, or tenofovir are likely to be associated with lower resistance 
rates. However, adefovir is showing primary treatment failure in 10 % or more of 
patients and 30 % resistance by the end of 4 years, whereas entecavir and tenofovir 
are more attractive candidates given their high potency and extremely low resis-
tance rates. Both agents are signifi cantly more expensive than lamivudine.      
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17.1            Introduction 

 Hospital hygiene or infection control aims at preventing exposure of immunocom-
promised hosts with infectious agents that may lead to infections with deleterious 
outcomes. It should be considered at the planning stage of a unit, since many infec-
tion control issues must already be implemented in the architecture of the unit such 
as directed air fl ow, water supply, and limited traffi c of visitors and healthcare work-
ers (HCWs) not working in the unit. The risk of an infection depends on the level of 
immunosuppression by the underlying disease and/or side effects of chemotherapy 
and the level of exposure to infectious agents. Treatment procedures in hematology 
have undergone vast changes in the last 20 years with more specifi c chemotherapies 
becoming available (e.g., imatinib) and with different transplantation modalities 
(e.g., reduced intensity conditioning, cord blood stem cell transplantation) [ 3 ], all 
associated with distinct risks for infectious complications. Particularly in the fi rst 
two decades after introduction of hematopoietic stem cell transplantation (HCT) 
into clinical practice, infectious complications were the main cause of transplant- 
related mortality (TRM) [ 31 ]. Besides the immune system itself, natural barriers 
important for infection control can be damaged, e.g., by chemotherapy-associated 
mucositis of the gastrointestinal tract or by placement of vascular catheters. After 
successful HCT with recovery of leukocytes, graft-versus-host disease (GVHD) 
combined with the necessary immunosuppressive treatment remains one of the 
most important risk factors. Many institutions have developed their own local infec-
tion control guidelines, based on the recently published multidisciplinary guidelines 
issued by the American Society for Blood and Marrow Transplantation, endorsed 
by the Infectious Diseases Society of America (IDSA) [ 71 ]. 

 As a simplifi cation, the following classifi cations have been used to assess risk [ 6 ]:

    (a)    Neutropenia

 Duration  <1 week: moderate risk 

 >1 week: high risk 

 Absolute neutrophil count (ANC)  <1,000/μL: moderate risk 

 <100/μL: high risk 

 However, the term neutropenia is frequently used in clinical 
practice as neutrophils <500/μL 

       (b)    Hematological stem cell transplantation (cellular immunodefi ciency)

 Donor-derived infections 

 Phase I: preengraftment (day 
0–30) 

 After HCT 

 Phase II: postengraftment (day 
31–100) 

 After HCT 

 Phase III: late phase (>day 100)  After HCT 

       (c)    Specifi c immunosuppressive treatments (e.g., monoclonal antibodies, ATG)    
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  Neutropenia <1 week rarely poses a serious risk for infectious complications if 
no concomitant immunosuppression is present. Special precautions are not war-
ranted, and therefore, this situation will not be further addressed. The focus of most 
studies on infection control in hematology is the patient after hematological stem 
cell transplantation, the main focus of this chapter. Not much data exist on hospital 
infection control measures for neutropenic patients after induction/consolidation 
chemotherapies or due to the underlying disease. Published guidelines for neutrope-
nia >1 week are usually the same as for the preengraftment period after HCT [ 71 ]. 

 Precautions in severely immunocompromised hosts are based on several animal 
studies and observational clinical trials. GVHD is not observed, if mice are kept in a 
sterile cage and environment immediately after birth [ 65 ]. However, patients are not 
sterile, and most infections originate from microorganisms colonizing the body 
rather than from exposure to an exogenous source. Viruses and many bacteria colo-
nizing the body are controlled by the immune system. Cytomegalovirus (CMV), 
polyoma viruses, and other opportunistic pathogens become clinically relevant with 
increase of immunosuppression. Therefore, infection control interventions may pre-
vent only up to 50 % of nosocomial infections or at least prevent acquisition of mul-
tiresistant pathogens [ 17 ,  49 ]. Before implementing the recommendations of this 
chapter, the reader should consult regulations and laws of the country and/or their 
local guidelines. In addition, more specifi c information can be obtained from the 
guidelines issued by the European Centre for Disease Prevention and Control (  http://
www.ecdc.europa.eu/en/publications/guidance/Pages/index.aspx    ), the Centers for 
Disease Control and Prevention, Atlanta, USA (CDC) (  http://www.cdc.gov/hicpac/
pubs.html    ), or the World Health Organization (WHO) (  http://www.who.int    ). 

 Prevention has gathered more attention since new antibiotics are unlikely to be 
developed before 2020, and the IDSA has started the program “10 by ‘20,” meaning 
10 new antibiotics by 2020.  

17.2     Microorganisms 

17.2.1     Bacteria 

 As outlined above, the endogenous fl ora of a patient cannot be eliminated, but 
the fl ora changes over time during hospitalization. Therefore, infection control 
aims at preventing exposure to nosocomial multiresistant bacteria rather than 
controlling any bacteria. The IDSA included among the top fi ve methicillin-
resistant  Staphylococcus aureus  (MRSA), vancomycin-resistant enterococci 
(VRE) or multiresistant  Pseudomonas aeruginosa ,  Acinetobacter baumannii , 
and gram-negative bacteria expressing extended broad-spectrum betalactamases 
(ESBL). In addition, other pathogens expressing plasmid-mediated AmpC beta-
lactamases are of importance [ 38 ]. These pathogens – if untreated – have the 
potential to abrogate a successful hematological treatment by inducing a poten-
tially lethal sepsis. On the other hand, infection with resident bacteria is almost 
unavoidable when prolonged and severe neutropenia persists over weeks and 
months. Severe mucositis leads to translocation of bacteria in the gut and 
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ultimately entry into the bloodstream. The commonly required central venous 
catheter disrupts the skin as a natural barrier and can lead to catheter-related 
bloodstream infections.  

17.2.2     Viruses 

 Many viruses reside in the body and require treatment only under severe immuno-
suppression leading to increased replication and symptomatic disease. Endogenous 
viruses increasing morbidity and mortality in HCT patients are mainly cytomegalo-
virus (CMV) and other herpesviruses and polyomavirus [ 4 ,  36 ]. 

 The most common viruses transmitted in hospitals are respiratory viruses 
such as infl uenza [ 25 ], parainfl uenza, respiratory syncytial virus (RSV), meta-
pneumovirus, and adenoviruses. Several studies indicate that RSV infection 
early after HCT has a mortality rate between 30 and 60 % [ 41 ]. Less frequent, but 
highly contagious are  varicella zoster  and measles. Infections with these viruses 
are preventable by defi nition and require a source that comes directly or indi-
rectly into contact with the susceptible patient. Visitors, especially children, and 
HCWs are common vectors for transmission of viruses. These individuals may 
not feel sick, but carry viruses in the respiratory secretions for prolonged times. 
   Therefore, vaccination of HCWs and family members is a basic infection control 
procedure and wearing masks and hand hygiene are essential to prevent trans-
mission (see below).  

17.2.3     Fungi 

 The intestinal and respiratory tracts are colonized with bacteria and fungi. Not sur-
prisingly, yeast infections are usually originating from the endogenous gut fl ora. 
Prevention of candidiasis with an antifungal prophylaxis has shown to reduce inva-
sive candida infections [ 40 ]. Few studies indicate that  Pneumocystis jirovecii  pneu-
monia (PCP) might be transmitted by the airborne route [ 46 ]. Animal studies 
demonstrated that  P. jirovecii  could be spread through the air, and air samples from 
areas frequented or occupied by  P. jirovecii -infected patients were positive for PCP: 
However, the introduction of routine prophylaxis with TMP/SMX basically elimi-
nated the risk of PCP, independent of the mode of acquisition. Molds and many 
dimorphic fungi in endemic areas are airborne. High densities of fungal spores occur 
during construction work in close proximity of the patient [ 55 ]. Special air fi ltration 
is a mandatory precaution during construction works as are outlined below. More 
recently, the hospital water supply has also been described as a possible source of 
molds [ 1 ]. Opportunistic molds (e.g.,  Aspergillus  and  Fusarium  species) can be cul-
tured from water and on water-related surfaces of hematology units. Studies by 
Anaissie and colleagues indicated the potential relatedness of environmental and 
clinical strains among patients with aspergillosis and fusariosis by epidemiological 
typing [ 1 ]. A relative humidity >60 %, especially over 80 %, promotes growth of any 
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molds in any environment. Therefore, air conditioners are frequently set at a humid-
ity of 30–50 %. An extremely humid climate may limit the capacity of the air condi-
tion to lower the humidity below 60 %.  

17.2.4     Protozoa and Helminths 

 Transmission of protozoa and helminths in the hospital setting is a rare event. 
Standard air conditioning prevents exposure to mosquitoes that may transmit 
malaria in southern countries. Similarly, simple water treatment, required, e.g., by 
regulatory agencies in Europe as well as in the USA, prevents contamination of the 
water with helminths. Hospitals in a highly exposed area are referred to special lit-
erature in this fi eld.   

17.3     Protective Environment (Reverse Isolation) 
for Hematology Units 

 The term isolation is most frequently used to describe measures to  protect the hos-
pital  from patients spreading resistant and/or dangerous microorganisms. The term 
reverse isolation or protective environment (PE) or protective isolation (PI) aims to 
 protect the patient  from the hospital environment and/or contact with other patients. 
Many HCWs have diffi culties to distinguish PE from, e.g., isolation precautions. 

 In the fi rst 10–20 years after introduction of allogeneic HCT, sterile nursing in 
“life islands” with extensive gastrointestinal tract decontamination and sterile food 
supply had been considered standard of care [ 14 ]. In the 1980s, these measures have 
been abandoned due to lack of appropriate benefi t and high costs: these units were 
replaced by care in single rooms with or without laminar airfl ow/HEPA air fi lters. 
The few randomized trials comparing PE with standard care have confl icting results, 
but conclude that there is a favorable effect on the infection rate [ 24 ,  51 ,  58 ] without 
translating into an improved survival. Few studies support to continue PE in the 
outpatient setting after HCT [ 24 ,  35 ,  67 ,  68 ]. 

 PE must be combined with isolation precautions in patients colonized or infected 
with multiresistant pathogens or dangerous viruses. 

17.3.1     Rooms/Ventilation 

 Numerous reports in healthcare facilities report airborne transmission of  Aspergillus  
spp., Mucorales,  Mycobacterium tuberculosis , measles (rubeola) virus, and 
 varicella- zoster   virus [ 63 ]. The current recommendations of the CDC to prevent 
airborne transmission [ 32 ] include protective care in single rooms ventilated with 
≥12 air exchanges/hour with appropriate fraction of fresh air and central or point-
of- use HEPA fi lters with 99.97 % effi ciency for removing particles ≥0.3 μm in 
diameter, regular replacement of fi lters, and directed airfl ow [ 63 ,  69 ]. Twelve air 
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exchanges per hour require a high air volume, which is generated by powerful ven-
tilators. In new construction, noise of ventilators and uncomfortable airfl ow to the 
patient should be considered. 

 Consistent positive air pressure differential between the patient’s room and the 
hallway ≥2.5 Pa (i.e., 0.01 in. by water gauge) [ 63 ] and well-sealed rooms prevent 
the infl ow of spore-containing air from outside. Continuous monitoring and self- 
closing doors prevent drops in positive pressure. Portable HEPA fi lters in case of 
shortage of protective environment have been shown to remove airborne fungal 
spores and mycobacteria [ 26 ,  62 ] and may be useful during constructions. Data to 
compare central versus portable fi lters are lacking. 

 As laminar airfl ow (LAF) – consisting of HEPA-fi ltered air moving in a parallel, 
unidirectional fl ow – has not improved survival in HCT recipients, it is not generally 
recommended, but might protect patients from infection during mold outbreaks 
related to hospital construction [ 19 ]. Anterooms to ensure air balance between 
rooms and hallways are not generally mandatory and are recommended only for 
certain airborne infections such as tuberculosis, measles, and varicella.  

17.3.2     Cleaning 

 Dust control is a central issue, as dust contains spores causing mold infections. 
Despite the proven association of surface contamination with nosocomial infec-
tions, only little data support the value of routine surface disinfection in general 
hospital wards [ 22 ]. However, lack of appropriate disinfection of the surfaces is 
a risk factor for VRE and  Clostridium diffi cile  [ 37 ]. In addition, patients colo-
nized or infected with methicillin-resistant  S. aureus  (MRSA) spread their germs 
all over the room: In fact, more than 50 % of the environment of such patients is 
contaminated with MRSA [ 8 ]. Studies demonstrate that enterococci survive in 
the environment of hematology units despite vigorous highly active disinfection 
of the surfaces [ 21 ], probably due to rapid recontamination by patients and 
HCWs. 

 CDC recommends daily wet-dusting to avoid aerosolization of dust and clean-
ing of horizontal surfaces with an approved hospital disinfectant [ 63 ]. Dust levels 
can be further reduced by avoiding carpeting and by fl oor and furniture surfaces 
with a smooth, nonporous, and washable fi nish, which has to be compatible with 
commonly used disinfectants [ 64 ]. As vacuum cleaners could aerosolize fungal 
spores, they should be fi tted with HEPA fi lters. Boyce and colleagues published a 
new approach with hydrogen vapor to completely disinfect a room using a com-
mercial equipment and reducing contamination and transmission of  C. 
diffi cile [ 9 ]. 

 Contamination of fl oor and surfaces occurs within hours after disinfection of the 
environment. Therefore, at least once daily disinfection of the environment is rec-
ommended in transplant units [ 63 ,  77 ]. 

 Water leaks and moisture of walls lead to mold proliferation. This can easily be 
detected by a moisture meter. Plants, plant soil, and fl ower water might contain 
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gram-negative bacteria, especially  Pseudomonas  spp. or molds. Pots can be 
 visibly overgrown with molds. Therefore, most centers do not allow plants and 
fl owers in patient rooms [ 69 ]. In addition, HCW handling plants might transmit 
pathogens from plants to patients, unless meticulous hand hygiene is performed. 
With the exception of water-retaining bath toys which have been associated with 
 Pseudomonas aeruginosa  outbreaks [ 13 ], toys should not generally be forbidden 
in pediatric wards but should be washed and disinfected regularly, following 
guidelines.  

17.3.3     Construction 

 As mold outbreaks have been reported repeatedly during hospital construction/ren-
ovation [ 74 ], measures to reduce the content of molds in the air should be specially 
addressed during these high-risk periods and planned in advance [ 52 ]. In moderate 
climates with four seasons, fungal spores are detected in ambient air from spring to 
late fall. Therefore, constructions should be planned in a low fungal spore season 
unless LAF with 12 air changes are in place. Dust-proof barriers with airtight seals 
[ 63 ] and a positive pressure difference between patient care and construction or 
renovation areas prevent dust – and mold spores – from entering patient care areas. 
Patients/healthcare personnel and medical equipment should not cross construction 
area; paths for construction workers should be separate. If patients have to cross 
construction area, they should wear face masks, preferably N95 or FFP2. Air moni-
toring and infection surveillance should be intensifi ed during construction.  

17.3.4     Standard Barrier Precautions 

 Standard precautions include hand hygiene and wearing of appropriate personal 
protective equipment (i.e., gloves, surgical masks or eye and face protection, and 
gowns) during interventions/situations in which emission of blood, body fl uids, 
secretions, or excretions is possible [ 73 ]. The WHO has set important guidelines 
(  http://whqlibdoc.who.int/publications/2009/9789241597906_eng.pdf    ) for hand 
hygiene that should be followed by all persons entering the patient room before 
and after each patient contact. Use of alcohol-based hand rubs is superior to hand 
washing, the latter should be performed in case of soiled hands [ 11 ,  76 ]. Gloves 
should be worn during all interventions, leading to contact with blood, secre-
tions, and body fl uids, but are not recommended as a routine protective precau-
tion, if hand hygiene guidelines are strictly followed. Unfortunately, compliance 
with hand hygiene rarely exceeds 40 % during daily care. Higher compliance is 
achieved in clinical studies with reported rates of >60 %, but as soon as observa-
tion is suspended, rates drop again. Certain centers use face masks either during 
winter seasons or even year-round to further reduce the risk of transmission of 
respiratory viruses. Surgical masks equally prevented transmission of infl uenza 
compared to N95 respirator [ 44 ]. This approach has not been shown to improve 
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outcome or to reduce nosocomial infection in a randomized controlled clinical 
trial, but should be considered in severely immunosuppressed patients. On trans-
ports in the hospital, CDC recommends patients in the preengraftment period to 
wear masks. Masks are likely to prevent transmission of viruses and bacteria 
while in contact with visitors and other patients during transport, especially in 
elevators. However, a recent randomized study could not show a benefi cial effect 
of well-fi tting masks for the risk of invasive aspergillosis in high-risk patients 
[ 47 ]. Patients after HCT but also other immunosuppressed patients should avoid 
crowded areas and daycare centers for children to prevent exposure to persons 
with respiratory infections [ 32 ]. 

 Airborne, droplet, or contact precautions should be applied only in case of an 
indication such as  M. tuberculosis  and MRSA colonization [ 64 ].  

17.3.5     Healthcare Personnel (HCW) 

 Besides routine hospital hygiene measures as described above, HCW suffering from 
possibly transmissible infections should abstain from patient contact according to 
published recommendations [ 7 ]. The application of this recommendation is diffi cult 
in winter seasons, as many HCWs are coughing. A reasonable approach is to recom-
mend routine wearing of surgical mask when entering patient rooms. Vaccination 
against transmissible diseases is recommended in most countries and is discussed 
elsewhere in this textbook. Reported outbreaks with gram-negative bacteria and 
 Candida  infections lead to the recommendation not to wear artifi cial fi ngernails 
while working in direct patient contact on a transplant unit [ 33 ].  

17.3.6     Visitors 

 Visitors must be instructed to follow the general hospital hygiene rules when visit-
ing patients. Hand hygiene should be performed before and after each patient visit. 
Written policies should be handed out to HCT recipients and candidates, their 
household contacts, and visitors. Nursing staff should screen visitors for the pres-
ence of transmissible diseases. During a symptomatic transmissible infection, after 
a known recent exposure to a communicable disease (e.g., chickenpox, mumps, 
measles, pertussis) or after receipt of a live vaccine, visitors should not see immu-
nocompromised patients. The number of visitors should be kept low: in our center, 
visitors are restricted to three persons at a time.  

17.3.7     Preventing Intravascular Catheter-Associated Infections 

 Bundle approaches to reduce the incidence of catheter-related infections should be 
strictly implied [ 54 ]. Non-tunneled central venous catheters used most frequently 
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due to the need of multiple lumina in HCT patients should be disinfected daily with 
either chlorhexidine [ 59 ] or octenidine hydrochloride [ 70 ], which is available only 
in Europe. Coated catheters may be a reasonable choice for high-risk patients. 
Importantly, both the intraluminal surface and the extraluminal surface must be 
coated, e.g., by chlorhexidine [ 45 ] or minocycline/rifampin [ 27 ]. The exit site 
should not come into contact with tap water [ 30 ].   

17.4     Nutrition 

 There is little data on safety of food in immunocompromised patients and most 
recommendations are based on uncertainties [ 28 ]. Nevertheless, besides general 
safety in preparation of foods, a low-microbial diet is generally recommended 
for HCT recipients prior to engraftment in order to reduce exposure to microbes 
present in food. The recommendations include avoidance of raw or undercooked 
meat, uncooked eggs, and seafood to prevent infection with  Salmonella enteriti-
dis ,  Vibrio  spp., or  Cryptosporidium parvum  and toxoplasmosis. Recent data 
indicate that meat may be contaminated by methicillin-resistant  S. aureus  
(MRSA) and gram-negative bacteria expressing broad-spectrum betalactamases 
(ESBL) [ 34 ,  42 ]. Therefore, handling or ingestion of raw meat should be avoided 
during the acute phase of transplantation. Unroasted raw nuts or nuts in the 
shell, miso products, raw grain products, non-pasteurized milk products (milk, 
cheese, yogurt), cheeses containing uncooked vegetables, and cheeses with 
molds have led to outbreaks in the past and should therefore be avoided. More 
detailed recommendations have been published recently [ 71 ]. Probiotics con-
taining live yeast and bacterial cultures have shown confl icting results regarding 
prevention of diarrhea, but certainly have been shown to cause serious invasive 
infections in the severely immunocompromised host and should, therefore, not 
be recommended [ 16 ,  18 ].  

17.5     Monitoring of Water and Air 

 Routine monitoring of water and air is commonly performed and required by law in 
some countries. However, there is insuffi cient evidence to justify routine air sam-
pling. In fact, it is not recommended by the guidelines issued by CDC [ 63 ]. The 
advantage of such a monitoring is the early indication of deviances from baseline 
values, e.g., during construction. Air sampling for small particles gives a result 
within seconds, while microbiological sampling for fungal spores takes days and 
even weeks for full identifi cation of fungi. Therefore, air sampling should be per-
formed with a particulate sampler and with an air sampler for microbiological 
testing. 

 Water is frequently contaminated with  Pseudomonas aeruginosa , depending on 
the level of chlorine added to the drinking water. Bottled water without gas, 
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especially those from large bottles (eg. 4 L) may be contaminated with  Pseudomonas  
spp. as well. However, soft drinks in small bottles are considered to be safe if 
replaced daily. 

17.5.1     Sinks, Shower, and Toilets 

 Water of hematological units should provide water free of  Legionella  spp., 
 Pseudomonas  spp. and fungi [ 2 ]. Commonly used systems are point-of-use fi lters 
at the faucet or a centralized system to ensure germ-free water. The sinks of toi-
lets are almost always contaminated with fecal pathogens.    Our own studies 
clearly demonstrate that aerosolization occurs during fl ushing (data not shown). 
Therefore, closing the toilet lid is a reasonable approach to avoid contact with 
frequently multiresistant  P. aeruginosa . Shower drains have been shown to cause 
outbreaks with  P. aeruginosa.  Frequent disinfection of the sinks may reduce the 
rate of nosocomial  P. aeruginosa  infection [ 5 ]. A standard operating procedure 
should be implemented to decontaminate shower heads before biofi lm becomes 
established, e.g., weekly decontamination with a washer-disinfector cleared by 
the European agency (EN DIN ISO 15883-1-2006) [ 23 ]. Manual reprocessing is 
also considered safe.   

17.6     Surveillance of Clinical Infections 

 Routine surveillance of epidemiologically important multiresistant pathogens are 
recommended by CDC [ 63 ]. For VRE rapid detection schemes have been estab-
lished [ 50 ]. Contact isolation has been advocated for MRSA and VRE. VRE pheno-
type VanC does not require isolation, since it is not implicated with outbreaks [ 72 ]. 
Cases of invasive mold infections should routinely be monitored on a stem cell 
transplant unit. The optimal surveillance defi nition for nosocomial invasive mold 
disease is unclear, but has been published for performing clinical studies [ 66 ]. 
Increases in the number of cases or emergence of a new type of mold should trigger 
evaluation of possible sources in the environment.  

17.7     Screening for Multiresistant Pathogens on Admission 

 Multiresistant pathogens have become a major challenge for the treatment of 
infectious diseases. Asymptomatic colonization on admission remains frequently 
unrecognized and becomes evident only after a pathogen becomes invasive, e.g., 
in septicemia. The colonization status of patients on admission may guide 
empiric treatment during neutropenic fever. Therefore, screening patients at risk 
is a reasonable approach for early identifi cation of such pathogens. In addition to 
protective care, patients should be isolated (e.g., disposable gowns, gloves and 
face masks for personnel and visitors entering contact isolation, or FFP2/3 masks 
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in case of airborne infections). Charts should be labeled to avoid unnecessary 
exposure of other patients. Electronic records of colonization status help to avoid 
unnecessary isolation and improve patient safety (  http://www.who.int/patient-
safety/en/    ). 

17.7.1     Methicillin-Resistant  Staphylococcus aureus  (MRSA) 

 MRSA belongs to the most frequently encountered multiresistant pathogens in hos-
pitals. It is associated with increased morbidity and mortality and prolongs hospital-
ization [ 20 ]. Treatment commonly requires intravenous glycopeptide therapy, which 
is associated with a considerable risk of impaired renal function. Screening of 
patients at risk has been shown to decrease the prevalence of MRSA colonization 
[ 61 ]. Swabs from nose and throat combine high sensitivity and ease of use to detect 
carriers of MRSA [ 48 ]. New rapid PCR-based techniques are available, but conven-
tional chrome-agar plates are most cost-effective [ 75 ]. Once identifi ed, patients can 
be placed in isolation preventing transmission effectively. In addition, effective 
decolonization schemes have been published [ 12 ].  

17.7.2     Vancomycin-Resistant Enterococci (VRE) 

 The emergence of vancomycin-resistant enterococci (VRE) of phenotype VanA 
and VanB is a major challenge for hematological patients. Emergence of resis-
tance to vancomycin does almost never occur during active treatment. Resistant 
strains are usually acquired from the environment. Prevention guidelines have 
been published more than 15 years ago [ 60 ]. According to local epidemiology, 
screening of patients for VRE in rectal swabs before start of chemotherapy is 
recommended.  

17.7.3     Extended-Spectrum Betalactamases (ESBL),  Klebsiella 
Pneumonia  Carbapenemases (KPC), Metallobetalactamases 
(MBL) 

 Currently, the biggest challenge for the management of multiresistant microorganisms 
is gram-negative bacteria expressing broad-spectrum betalactamases (ESBL), 
 Klebsiella pneumonia  carbapenemases, or metallobetalactamases. The resistance 
genes are encoded on plasmids, which may cross species barriers. Since 2011, screen-
ing for ESBL as well as for other multiresistant gram-negative bacteria can be per-
formed using a ChromID agar or equivalent systems [ 53 ,  57 ]. Due to the rapidly 
evolving epidemiology, screening has not been standardized or universally recom-
mended yet. However, as colonization with multiresistant bacteria precedes invasive 
infection, screening might have an impact on the choice of empiric antimicrobial treat-
ment for neutropenic fever.   
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17.8     Special Situations 

17.8.1      Legionella  spp. 

  Legionella  spp. has caused outbreaks in transplant units due to contaminated water 
tanks, showers, tap water faucets, and cooling towers [ 43 ,  56 ]. Sterile water has 
become standard of care on in transplant units. Water must be monitored and if 
 present, water must be decontaminated according to published recommendations 
(  http://www.legionella.org/    ).  

17.8.2      Clostridium difficile  

  Clostridium diffi cile  has become an increasing healthcare associated problem in 
most countries with the selection of hypervirulent strains, e.g., type 027 [ 15 ]. 
Contact precautions during acute illness are generally recommended [ 29 ,  39 ]. 
Hand disinfection with alcohol-based hand rubs is not sporicidal, which makes 
gloves mandatory. Hand washing may be an option, but is associated with poor 
compliance. Surprisingly, studies were unable to demonstrate an increase of CDAD 
infection after switching from hand washing to hand hygiene with an alcohol-
based hand rub [ 10 ]. 

 No routine test control in the absence of symptoms is recommended. Only with 
evidence of ongoing transmission of  C. diffi cile  contact precautions should be pro-
longed even after diarrhea has resolved (Table     17.1 ).

   Table 17.1    Suggested contact precautions in patients colonized or infected with multiresistant 
pathogens   

 Item  MRSA  VRE 
 Multiresistant gram-negatives 
including ESBL a    C. diffi cile  

 Daily cleaning/disinfection  Yes  Yes  Yes  Yes c  

 Single room  Yes  Yes  Yes  Own toilet 

 Barriers 

 Gloves  Yes  Yes  Yes  Yes 

 Gowns  Yes     Yes  Yes  Yes 

 Masks  Yes  No  No  No 

 Screening on admission  Yes  Yes  Preferred b   No 

   a The effectiveness of screening depends on the local epidemiology, and this recommendation 
should be adapted accordingly 
  b The body of evidence is not yet suffi cient to recommend routine ESBL screening 
  c Disinfection with a compound active against spores, e.g., oxygen-releasing compounds or high 
concentration of bleach  
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  18      Myeloid Growth Factors 

             Hartmut     Link    

        Many cytotoxic substances impair the function of leukocytes and their production 
from pluripotent and determined hematopoietic stem cells in the bone marrow. 
Frequent sequelae of cytostatic chemotherapy therefore are anemia, thrombocyto-
penia, leukocytopenia, and especially neutropenia, which is a signifi cant risk factor 
for morbidity and mortality associated with infections. Neutropenia is one of the 
most severe toxicities of chemotherapy, signifi cantly increasing the risk of infection 
[ 2 ,  10 ,  33 ]. As the most important dose-limiting toxicity, neutropenia can compro-
mise the success of tumor therapy. 

 Hematopoietic myeloid growth factors such as G-CSF (granulocyte-colony stim-
ulating factor) or GM-CSF (granulocyte macrophage-colony stimulating factor) 
stimulate the generation of neutrophils. G-CSF and GM-CSF are increasingly 
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produced by T cells, macrophages, and monocytes if the neutrophil counts are 
decreasing to stimulation proliferation and differentiation of determined progenitor 
cells. They are termed “myeloid” growth factors. 

    In the 1980s G-CSF was described, biochemically characterized, its gene cloned 
and developed as recombinant molecule for clinical application [ 35 ,  36 ]. The major-
ity of trials have been performed with G-CSF. 

 The prophylactic use of recombinant G-CSF (fi lgrastim, pegfi lgrastim, lenogras-
tim) or GM-CSF preparations (molgramostim, sagramostim) after myelosuppres-
sive chemotherapy accelerates the regeneration of granulocytes to protective levels 
[ 11 ,  33 ,  35 ]. 

 After autologous bone marrow or stem cell transplantation, G-CSF of GM-CSF 
accelerates the regeneration of granulopoiesis [ 13 ,  22 ,  31 ,  33 ]. Use of G-CSF is 
associated with faster neutrophil engraftment and shorter length of posttransplant 
hospital stay without affecting time to platelet engraftment in patients undergoing 
autologous transplantation. Following allogeneic stem cell transplantation, G-CSF 
reduces the time to neutrophil recovery, but has no infl uence on day 30 or day 100 
transplant-related mortality. G-CSF did neither affect graft versus host disease nor 
leukemia-free survival [ 17 ]. 

 Duration and severity of neutropenia as well as infection-associated risks can 
signifi cantly be reduced by prophylaxis with myeloid hematopoietic growth factors. 
In many cases, a hazardous neutropenia can be prevented completely [ 1 ,  19 ,  33 ]. 

18.1     Incidence and Risks of Febrile Neutropenia 

 Febrile neutropenia (FN) is the most important sign of infection in neutropenic 
patients. FN is defi ned as increased oral temperature (≥38 °C) and concomitant 
decreased granulocyte concentration <500/μ or <1,000/μl, if a decrease of <500/μl 
within 48 h is anticipated [ 8 ,  21 ]. 

 Fever during neutropenia is caused by an infection in more than 95 % of cases; 
however, in 50–70 % of patients, no infectious organisms can be detected [ 16 ,  21 , 
 23 ,  29 ]. 

 In cancer patients, infections are the most frequent therapy-associated causes of 
death. The risk of febrile neutropenia and of life-threatening infections correlates 
with the severity and duration of neutropenia [ 2 ]. The mortality by neutropenia- 
associated infections caused by chemotherapy accounts for 2.8 % and is 5.7 % dur-
ing the early neutropenic phase [ 15 ,  18 ,  19 ,  23 ]. 

 A multivariate analysis of 41,779 patients with different cancers and FN showed 
the following risk factors for a lethal outcome: 

 Gram-negative sepsis (relative risk: 4.92), invasive aspergillosis 3.48, invasive 
candidiasis 2.55, pulmonary disease 3.94, cerebrovascular disease 3.26, renal dis-
ease 3.16, liver disease 2.89, pneumonia 2.23, gram-positive sepsis 2.29, hypoten-
sion 2.12, pulmonary embolism 1.94, heart disease 1.58, leukemia 1.48, lung cancer 
1.18, and age ≥65 years 1.12 [ 18 ]. An increasing number of concomitant diseases 
increase mortality [ 5 ,  18 ].  
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18.2     Relative Dose Intensity of Chemotherapy 

 Relative dose intensity (RDI) is the proportion of planned dose intensity per 
planned time interval. With the exception of hematopoietic stem cell transplanta-
tion, many therapy protocols achieve the planned relative dose intensity only, if 
neutropenia and febrile neutropenia are avoided or at least clinically acceptable 
[ 33 ]. This is especially true for dose dense protocols with short intervals between 
cycles and increased dose intensities, for example, in Hodgkin lymphoma [ 14 ], 
aggressive non-Hodgkin lymphoma [ 27 ,  28 ,  30 ], and breast cancer [ 25 ].  

18.3     Reduction of Relative Dose Intensity of Chemotherapy 

 It is a common strategy reducing dose of chemotherapy in subsequent cycles or 
prolonging planned intervals, if severe or febrile neutropenia occurred. 

 Randomized clinical trials showed a relative dose intensity (RDI) of 71.0–
95.0 %, with a mean RDI of 86.7 % (median RDI, 88.5 %). Among G-CSF-treated 
patients, the average RDI ranged from 91.0 to 99.0 %, with a mean RDI of 95.1 % 
(median RDI, 95.5 %). RDI differences between study arms ranged from 2.8 to 
20.0 %, with average differences of 8.4 % ( P  = 0.001) [ 19 ]. 

 In some tumors, it is shown that reducing the RDI can impair or question the 
success of chemotherapy. This has been shown in adjuvant chemotherapy with 
breast cancer [ 3 ,  4 ,  25 ,  37 ], in diffuse large cell non-Hodgkin lymphoma [ 20 ].  

18.4     Risk Factors for Febrile Neutropenia 

 The most important factors for febrile neutropenia (FN) following chemotherapy 
are the type of chemotherapy and its dose intensity. Without G-CSF or GM-CSF, 
the risk of FN is constant for all chemotherapy cycles [ 6 ,  9 ]. However, it is greater 
following the fi rst cycle only, if growth factors are given for subsequent cycles 
[ 12 ]. 

 If neutropenic complications occur, then the risk of febrile neutropenia remains 
high for further chemotherapy cycles. 

 Combination chemotherapy protocols increase the risk of FN compared to 
monotherapies, as well as drugs toxic to bone marrow or mucous membranes. 
Signifi cant predictors for severe or febrile neutropenias are high-dose cyclophos-
phamide or etoposide in the treatment of malignant lymphoma as well as high-dose 
anthracyclines in early breast cancer [ 8 ]. 

 According to various guidelines, the intensity of the chemotherapy protocol cor-
relates directly with the risk of FN. An overview on frequently used protocols is 
given in Table  18.1 , with the risk of FN: high risk ≥20 %, intermediate risk 10–20 %, 
or low risk <10 %.

   Besides the type of chemotherapy, there are patient- and tumor-specifi c factors 
infl uencing the risk of febrile neutropenia (Table  18.2 ).
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   A review of the literature showed that higher age, especially ≥65 years, consis-
tently correlates with a higher risk of febrile neutropenia among the independent 
patient-specifi c risk factors [ 1 ]. Higher age is an important risk factor as older 
patients often receive lower or even too low chemotherapy doses in fear of neutro-
penic complications, although those patients would benefi t from an adequate dosed 
treatment regimen as younger patients [ 8 ]. 

 Further independent factors with a high evidence are advanced disease, previous 
episodes of FN, or missing prophylaxis with G-CSF or antibiotics [ 1 ]. 

 Many other patient- or tumor-related factors for FN are known with a lower level 
of evidence by retrospective analyses such as reduced general condition, impaired 
nutritional status, or comorbidity. 

 Patients with malignant diseases of hematopoiesis or lymphopoiesis have an 
increased risk by the disease itself and the intensity of the treatment than patients 
with solid tumors. 

   Table 18.1    Examples of frequently used chemotherapy protocols with the risk of FN: high risk 
≥20 %, intermediate risk 10–20 %, or low risk <10 %   

 Tumor  FN-Risk (%)  Regimen 

 Breast 
cancer 

 >20  AC docetaxel, doxorubicin/docetaxel, doxorubicin/paclitaxel, 
TAC 

 10–20  AC, EC, docetaxel, FE120C (q4 weeks), CEF 

 <10  CMF 

 Colon 
cancer 

 10–20  5-FU/folinic acid 

 FOLFIRI (5-FU/folinic acid/irinotecan) 

 <10  FOLFOX (5-FU/folinic acid/oxaliplatin) 

 Hodgkin 
lymphoma 

 >20  BEACOPP: bleomycin, etoposide, doxorubicin, 
cyclophosphamide, vincristine, procarbazine, prednisone 

 Melanoma  >20  Dacarbazine-based combinations 

 Non-small 
cell lung 
cancer 

 >20  Docetaxel/carboplatin, etoposide/cisplatin 

 10–20  Paclitaxel/cisplatin, docetaxel/cisplatin, vinorelbine/cisplatin 

 <10  Paclitaxel/carboplatin, gemcitabine/cisplatin 

 Non- 
Hodgkin 
lymphoma 

 >20  CHOP (cyclophosphamide/doxorubicin/vincristine/prednisone) 

 DHAP (cisplatin, HD-AraC, dexamethasone) 

 ESHAP (etoposide, methylprednisolone, cisplatin, cytarabine) 

 R-CHOP (rituximab-CHOP) 

 Ovarian 
carcinoma 

 >20  Docetaxel, paclitaxel 

 10–20  Topotecan 

 <10  Paclitaxel/carboplatin 

 Small cell 
lung cancer 

 >20  ACE, ICE, topotecan 

 10–20  Etoposid/carboplatin, topotecan/cisplatin 

 <10  Paclitaxel/carboplatin 

  EORTC guidelines 2006 [ 1 ], ASCO guidelines 2006 [ 33 ], and NCCN [ 8 ]. Refer to guidelines or 
original publications for incidences of febrile neutropenia, if other protocols are considered 
 All fi gures of febrile neutropenia are derived from the original publications and are related to the 
dosages of the applied chemotherapy protocols 
  A  doxorubicin,  C  cyclophosphamide,  E  etoposide,  F  5-fl uorouracil,  I  ifosfamide,  M  methotrexate, 
 T  docetaxel  
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 If patients older than 70 years are analyzed, then it could be shown that age alone 
is not a risk factor for severe or febrile neutropenia, but the type of malignancy, a 
planned dose intensity ≥85 %, therapy with cis-platinum or anthracyclines, previ-
ous chemotherapy, increased urea, and increased alkaline phosphatase [ 32 ].  

18.5     Indication for Prophylaxis of Febrile Neutropenia with 
Myeloid Growth Factors According to Guidelines 

    Most evidence regarding the clinical effects of myeloid growth factors is derived 
from studies with G-CSF. 

  Table 18.2    Risk factors of 
febrile neutropenia according 
National Comprehensive 
Cancer Network, NCCN 
2010) [ 8 ] EORTC [ 1 ] and 
ASCO [ 33 ]  

 Chemotherapy-related factors 

 Type of chemotherapy 

 Severe neutropenia with previous comparable chemotherapy 

 >80 % of planned relative dose intensity 

 Previous neutropenia (<1,000/μl) or lymphocytopenia 

 Previous extensive chemotherapy 

 Concomitant or previous radiotherapy with involvement of 
bone marrow 

 Therapy with anthracyclines 

 Mucositis of the whole gastrointestinal tract 

 Patient risk factors 

  Age 65 years or older 

  Female gender 

   Poor performance status (ECOG ≥2 “Eastern Cooperative 
Oncology Group”) 

  Poor nutritional status 

  Impaired immune function 

 Tumor risk factors 

  Cytopenias due to tumor bone marrow involvement 

  Advanced or uncontrolled tumor 

  Elevated lactate dehydrogenase (LDH) in lymphoma 

  Leukemia 

  Lymphoma 

  Lung carcinoma 

 Factors with increased risk for infections 

  Open wounds 

  Active infection 

 Comorbidity 

  Chronic obstructive lung disease 

  Cardiovascular disorder 

  Liver disease (elevated bilirubin, alkaline phosphatase) 

  Diabetes mellitus 

  Decreased hemoglobin level at diagnosis 
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 The principle of reducing neutropenia with myeloid growth factors is shown in 
Fig.  18.1 . Neutropenia can be shortened mainly by an accelerated recovery of 
neutrophils.

   The primary prophylaxis with G-CSF halves the incidence of febrile neutropenia 
(FN) due to chemotherapy with a risk of FN of 40 % [ 11 ,  24 ,  26 ,  34 ]. 

 Primary G-CSF prophylaxis to support patients receiving cancer chemotherapy 
is recommended for all patients judged to be at ≥20 % risk of FN [ 1 ,  8 ,  33 ]. 

 If using a chemotherapy regimen associated with 10–20 % FN risk, G-CSF pro-
phylaxis should be considered based on treatment intention and individual patient 
risk factors. The patient’s FN risk should be reassessed prior to each cycle of che-
motherapy. This is particularly important for chemotherapy regimens with 10–20 % 
FN risk, as patient-related risk factors may vary throughout chemotherapy cycles, 
and thus their FN risk could increase throughout the treatment course. 

 For patients at <10 % FN risk, routine G-CSF prophylaxis is not recommended. 
 Figure  18.2  shows the algorithm for deciding to use G-CSF after chemotherapy.

18.6        Therapeutic Use of G-CSF or GM-CSF 

 The aim of therapeutic use of myeloid growth factors is the reduction of morbidity 
and mortality due to infections including febrile neutropenia. 

++

risk of infection

+++

G-CSF

no G-CSF
risk of infection

ANC x103/ml

Relationship between neutropenia and risk of
infections

0

0.5

1.0

5

End of
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© H.Link 1996

Days

Next cycle of chemotherapy
or discharge from hospital (PBPCT)
with G-CSF

10 15

  Fig. 18.1    Correlation between incidence of infections including febrile neutropenia and neutro-
phil recovery       
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 There is less evidence supporting therapeutic use of G- or GM-CSF in addition 
to antibiotics. However, a meta-analysis showed a shorter hospital stay and shorter 
time to neutrophil recovery, but no infl uence on mortality [ 7 ]. 

 Myeloid growth factors could be given for patients with risk factors of poor clini-
cal outcome or infection-related complications such as old age (≥65 years), sepsis 
syndrome, severe neutropenia (absolute neutrophil count <100 μl), or anticipated 
prolonged (>10 days) neutropenia, pneumonia, invasive fungal infections, or other 
clinically documented infections, hospitalization, and prior episodes of FN. If risk 
factors are present, G- or GM-CSF should be considered [ 8 ]. 

 Patients under prophylaxis with G-CSF suffering from febrile neutropenia should 
continue with this treatment.  

18.7     Dosing and Administration 

 Available growth factors are the G-CSFs fi lgrastim, pegfi lgrastim, and lenograstim 
and the GM-CSFs sargramostim and molgramostim. 

EORTC and ASCO G-CSF Guideline-Based
FN Risk Assessment

G-CSF USE
NOT

INDICATED

PROPHYLACTIC
G-CSF

RECOMMENDED

FN risk ≥ 20% FN risk 10%–20% FN risk < 10%

Overall FN risk ≥ 20% Overall FN risk < 20%

STEP 1: Assess FN risk for the planned chemotherapy regimen

STEP 2: Assess factors that may increase the risk of FN

STEP 3: Define total FN risk

Cytopenias due to tumour bone
marrow involvement
Haemoglobin < 12g/dL

Poor nutritional status
Female gender
Combined chemoradiotherapy

Serious co-morbidities
Poor performance status Open
wounds or active infections

Age ≥ 65 years
No antibiotic prophylaxis
Advanced disease
Previous episode of FN

  Fig. 18.2    This algorithm is a combined interpretation of the 2006 G-CSF guidelines of European 
Organisation for Research and Treatment of Cancer ( EORTC ) and American Society of Clinical 
Oncology ( ASCO ) [ 1 ,  33 ]. All of these organizations recommend that the physician should use 
their clinical judgment to assess FN risk as greater or less than 20 % according to the estimated risk 
of expected neutropenic complications, based on the treatment regimen and patient-specifi c char-
acteristics, including age ≥65 years and experience of FN in a previous chemotherapy cycle       
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18.7.1     G-CSF 

 G-CSF should be given 24–72 h following the last dose of chemotherapy and con-
tinued until the recovery of neutrophils for 3 days above 500 cells/μl or until reach-
ing an ANC of at least 2,000–3,000/μl. 

 Filgrastim is given subcutaneously (s.c.) at a dose of 5 μg/kg per day and leno-
grastim at 150 μg/m 2  per day. 

 The long acting pegylated G-CSF (pegfi lgrastim) is given s.c. once 24 h after 
completion of chemotherapy. Pegfi lgrastim 6 mg is given once in each chemother-
apy cycle. The 6 mg formulation should not be used in infants, children, or small 
adolescents weighing <45 kg. 

 The same day administration of G-CSF within 24 h of chemotherapy is not rec-
ommended [ 8 ].  

18.7.2     GM-CSF 

 The GM-CSF sargramostim (glycosylated) is indicated for use following chemo-
therapy in patients with acute myeloid leukemia and for use after autologous or 
allogeneic bone marrow transplantation. The manufacturer’s instructions for admin-
istration are limited to those clinical settings. GM-CSF should be initiated on the 
day of bone marrow infusion and not less than 24 h from the last chemotherapy and 
12 h from the most recent radiotherapy. GM-CSF should be continued until an ANC 
greater than 1,500 cells/μl for 3 consecutive days is obtained. The drug should be 
discontinued early or the dose be reduced by 50 % if the ANC increases to greater 
than 20,000 μl. The recommended doses are 250 μg/m2/day for GM-CSF for all 
clinical settings, given subcutaneously. 

 The GM-CSF molgramostim (non-glycosylated) is indicated in patients receiv-
ing myelosuppressive therapy (cancer chemotherapy) to reduce the severity of neu-
tropenia, thereby reducing the risk of infection and allowing better adherence to the 
chemotherapeutic regimen, and in patients undergoing autologous or syngeneic 
bone marrow transplantation to accelerate myeloid recovery. 

 The recommended dosage regimens are as follows: 
    Cancer chemotherapy: 5–10 µg/kg per day administered subcutaneously. 

Treatment should be initiated 24 h after the last dose of chemotherapy and contin-
ued for 7–10 days. Dosing may be initiated at 5 µg/kg a day. 

 Bone marrow transplantation (BMT): 10 µg/kg per day administered by i.v. infu-
sion over 4–6 h, beginning the day after BMT and being continued until the absolute 
neutrophil count (ANC) is ≥1,000/μl. 

 The maximum duration of treatment is 30 days.      
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