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Infections in Hospitalized Cancer Patients
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Abstract

Cancer patients are at an increased risk of developing infections that
are primarily treatment-driven but may also be malignancy-driven.
While cancer treatments such as chemotherapy, radiotherapy, and
surgery have been known to improve malignancy morbidity and mor-
tality, they also have the potential to weaken immune defenses and
induce periods of severe cytopenia. These adverse effects pave the
way for opportunistic infections to complicate a hospitalized cancer
patient’s clinical course. Understanding the risk each patient inher-
ently has for developing a bacterial, fungal, or viral infection is criti-
cal to choosing the correct prophylactic treatment in conjunction with
their scheduled cancer therapy. This review discusses the most com-
mon types of infections found in hospitalized cancer patients as well
as the current guidelines for prophylactic and antimicrobial treatment
in cancer patients. In addition, it describes the interaction between
antibiotics and cancer therapies for consideration when treating infec-
tion in a cancer patient.
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Introduction

The relationship between infections and cancer is complex.
Some infections increase a persons’ chance of developing
cancer. Conversely, immunocompromised cancer patients are
more susceptible to contracting certain infections. The infec-
tions most commonly seen in cancer patients are changing
with evolving treatment modalities. Understanding the con-
nection between cancer and infection is necessary when evalu-
ating current treatment recommendations established by vari-
ous societies. It is known that a number of viral and bacterial
infections are associated with an increased risk of developing
specific types of cancer. For example, hepatitis B and C, hu-
man papillomaviruses, and Helicobacter pylori are responsible
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for liver, cervical, and gastric cancers, respectively. In 2008,
nearly 16% of new cancer cases were preceded by infections
[1]. Public health measures including vaccines and antibiotics
should have a substantial impact on the global cancer burden
attributed to infections. It is also known that cancer patients are
at an increased risk of developing infections for a number of
reasons. Risk factors for developing an infection are primarily
categorized as malignancy driven or treatment driven.

Solid tumor malignancies increase the risk of developing
an infection via fistula formation or obstruction of a biologic
passageway [2]. Under normal conditions, mucosal surfaces
function as anatomical barriers, keeping invasive pathogens
at bay. However, solid tumors have the capacity to introduce
pathologic by way of broncho-pleural, trachea-esophageal,
vesico-vaginal or recto-vaginal fistulas [2]. Tumors also have
the ability to obstruct essential body passages. For example,
expanding tumors that impede airway function may facilitate
post-obstructive pneumonia [3]. Post-obstructive pneumonia
may either overlap with bacterial community-acquired pneu-
monia or present as a unique entity, limiting the ability to make
a clinical distinction at the time of admission [3]. Solid tumor
obstructions of the biliary tract, urethra, and bowel also in-
crease the risk of infection in cancer patients [2]. While surgi-
cal resection of solid tumors improves cancer patient mortality,
it also introduces the additional risk of developing an infec-
tion. Medical procedures combined with the increasing use of
inpatient medical devices directly increase a patient’s risk of
acquiring a nosocomial infection [4]. Conventional chemo-
therapy and radiation therapy are also infectious risk factors
in cancer patients. These treatments damage mucosal surfaces
and increase the likelihood of microbial colonization and sub-
sequent mucositis [2].

Toxic antineoplastic chemotherapies and myelosuppres-
sive agents used to treat hematologic cancers compromise the
immune system by suppressing the absolute neutrophil count
below 500 cells/mm? during episodes of neutropenia [2]. Neu-
tropenia increases morbidity, mortality, and treatment costs for
cancer patients by placing them at a higher risk of developing
life-threatening infections with few symptoms [5, 6]. Bacterial
infections commonly present in the early stages of neutropenia
while fungal infections present during persistent neutropenic
episodes lasting 7 - 10 days [7]. Research on cancer treatment
has shifted from nonspecific chemotherapies to targeted treat-
ments and immunotherapies. Targeted therapies are designed
to slow tumor growth or progression by interfering with spe-
cific molecular targets [8]. Similarly, immunotherapies are se-
lective therapeutics that target specific immune checkpoint in-
hibitors to overcome immune tolerance to tumors and produce
anti-cancer responses [9, 10]. While cytotoxic chemotherapies
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have an infectious risk directly proportional to the degree and
duration of myelosuppression, it is less apparent what the in-
fectious risk is with targeted therapies and immunotherapies
[11]. Although rare, immune-related adverse events, including
neutropenia, are severe side effects of immunotherapies [12].
As more patients become eligible for immune checkpoint in-
hibition therapy, the incidence of severe toxicities may rise.
Other factors that impact a cancer patient’s susceptibility to
developing an infection include age, nutritional status, and
prior antibiotic exposure [2]. It is of utmost importance to un-
derstand the risk factors each cancer patient has for develop-
ing an infection in order to guide prophylactic antimicrobial
treatment. This paper will discuss the most common infections
seen in cancer patients today and the interactions between anti-
biotics and cancer therapy. Additionally, it will outline recom-
mendations for treating infections in cancer patients put forth
by various societies.

Common Types of Infections in Cancer Pa-
tients

Infections in cancer patients differ by anatomical location,
source, and duration of cancer treatment. Patients with solid
tumors commonly harbor infections caused by organisms
that mirror the individual’s resident microflora at the specific
site of infection [2, 13]. The incidence of some infections in
cancer patients closely mirrors that of seasonal incidence in
the general population. Other organisms are opportunistic, in-
fecting patients with weakened immune defenses as a result
of cytotoxic chemotherapies. Various societies have provided
guidelines for treating infections in cancer patients, and special
consideration should be given to the interaction between anti-
biotics and cancer therapies. The frequency and treatment of
most common pathogens on cancer patients were summarized
in Table 1 [14-20].

Gram-positive bacteria

Gram-positive bacteria are responsible for at least 50% of
infections acquired by cancer patients [21]. Nearly 80% of
catheter-related infections are caused by gram-positive organ-
isms [2]. Staphylococci, streptococci, and enterococci carry
the greatest burden of disease [22]. Staphylococcus aureus (S.
aureus) infections are generally classified as being caused by
methicillin-resistant S. aureus (MRSA) or methicillin-suscep-
tible S. aureus (MSSA). While the prevalence of MRSA blood-
stream infections is relatively low, the proportion of surgical
site infections caused by MRSA has substantially increased
over the past 15 years and is associated with alarming mortal-
ity rates in neutropenic, adult cancer patients [2, 22]. It has
also been demonstrated that both MSSA and MRSA infections
in non-neutropenic, cancer patients are serious clinical con-
ditions frequently associated with the placement of a central
venous catheter or an indwelling urinary catheter [14]. Various
reviews suggest that S. aureus is responsible for 1.3-12% of
bacteremia cases, 27% of skin and soft tissue infections, and
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26% of pneumonia infections in cancer patients [14, 15, 22].
Antibiotic treatment of S. aureus infections differs between
MSSA and MRSA infections. Anti-staphylococcal beta-lactam
antibiotics, including cefazolin or nafcillin, should be used to
control invasive MSSA infections [21]. Vancomycin remains
the antibiotic of choice to combat MRSA; however, limited
studies of daptomycin in cancer patients are promising [23,
24]. Vancomycin should be avoided in patients with MSSA
bacteremia due to its high mortality compared to treatment of
MSSA with beta-lactam antibiotics [25]. In addition to anti-
biotic therapy, patients with bloodstream infections caused
by S. aureus should undergo central venous catheter removal
[26]. Members of the Streptococcus species can give rise to
infection in cancer patients via multiple routes, and the most
common culprits are viridans group streptococci (VGS), be-
ta-hemolytic streptococci, and Streptococcus pneumoniae (S.
pneumoniae) [16]. Each of these organisms may be isolated
from invasive diagnostic procedures in patients with post-ob-
structive pneumonia [2]. Moreover, VGS and S. pneumoniae
colonize mucosal surfaces damaged by cancer chemotherapy,
thereby increasing the risk of infection [2]. VGS bacteremia is
common among neutropenic patients and while relatively mild
in most instances, a portion of cancer patients will go on to de-
velop VGS shock syndrome and face high mortality rates [17,
27, 28]. Multidrug resistance is a challenge when considering
optimal treatment for VGS as many strains are non-suscepti-
ble to fluoroquinolones and beta-lactam antibiotics [29]. One
study suggests that while VGS susceptibility rate to cefepime
was found to be significantly higher in adults than children,
cefepime susceptibility did not impact clinical outcome [29].
More studies are needed to define optimal VGS therapy.

Invasive disease due to beta-hemolytic streptococci, spe-
cifically Streptococcus agalactiae (S. agalactiae), is also com-
mon in cancer patients [21]. In one study, S. agalactiae was
most commonly detected in adult patients with solid tumors
with indwelling medical devices or who underwent surgical
procedures [30]. S. agalactiae-related mortality rates were
highest in patients with neoplastic gastrointestinal disease
(46%) and lowest in patients with neoplastic genitourinary dis-
ease (3%) [30]. Another study identified a significant increase
in the rates of S. agalactiae bloodstream infection in patients
with breast cancer or tissue/bone sources of streptococcal
bloodstream infections [16]. Cephalosporins and penicillins
remain the antibiotics of choice for treating S. agalactiae de-
spite an increase in penicillin-resistance due to vaccination
approaches [31, 32]. Cancer patients with active leukemia,
lymphoma or myeloma are at the highest risk for developing
an invasive disease due to S. pneumoniae [33]. Pneumonia is
the most common source of pneumococcal bacteremia, and a
respiratory source of infection is a risk factor for developing
severe disease [16, 18]. While invasive S. pneumoniae infec-
tions in cancer patients are commonly caused by serotypes
covered by pneumococcal vaccines, immunocompromised pa-
tients are at greater risk for developing invasive pneumococcal
disease caused by nonvaccine covered serotypes [34]. In vitro
pneumococcal susceptibility tests suggest S. pneumoniae in
the USA remains susceptible to levofloxacin and vancomycin;
however, the connection between susceptibility and therapeu-
tic success is unclear [21].
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Table 1. Common Infections in Cancer Patients, Frequency and Treatment

Organism

Frequency

Treatment

S. aureus

Viridans group
streptococci
S. agalactiae

S. pneumoniae

Enterococcus species

E. coli

Klebsiella species

P. aeruginosa

Candida species

Aspergillus species

HSV-1 and 2

Varicella zoster
virus (VZV)

Community-acquired
respiratory viruses

Between 1.3% and 12% of bacteremia cases [15]
Nearly 27% of skin and soft tissue infections [14]

About 26% of pneumonia cases [14]

Occurred in about 23% of children with AML
being treated with chemotherapy [17]

Accounts for > 80% of recurrent infections following
streptococcal bloodstream infections [16]

Accounts for about 6.5% of episodes of bacteremia [18]

Disproportionately found in cancer patients;
15-20% are vancomycin resistant.

Over 20% of gram-negative bacteremia
cases are attributed to E. coli infection.

Associated mortality is over 15%

Klebsiella pneumoniae carbapenemase-
producing K. pneumonia, greater than 70%
mortality for bacteremic infections

Declining prevalence secondary to antibiotic coverage
Incidence varies widely across studies

Patients with acute leukemia are at the highest
risk for developing invasive candidiasis during
episodes of post-chemotherapy neutropenia

Incidence of 4-15% and a mortality of 60-85%

Reactivation present in two-thirds of
seropositive patients who undergo induction
chemotherapy for acute myeloid leukemia

Reactivation of VZV causes herpes zoster in
an average of 5 months following the initiation
of chemotherapy in lymphoma patients

The risk for infection via CARVs mirrors respiratory
virus outbreaks in the general population [19]. The
degree, duration, and type of immunosuppression

at patient are receiving directly correlates to

the severity of CARYV infections [20].

Methicillin-susceptible S. aureus should be treated with an
anti-staphylococcal beta-lactam (i.e., cefazolin or nafcillin).

Methicillin-resistant S. aureus should
be treated with vancomycin.

Venous catheter removal recommended

No well-defined, optimal therapy
Treat with penicillins or cephalosporins

Treat with levofloxacin or vancomycin

Vancomycin resistant Enterococcus should
be treated with daptomycin or linezolid

E. faecalis should be treated with one of the penicillins

Treat with carbapenems

Treat with tigecycline and piperacillin/tazobactam

Treat with piperacillin/tazobactam and
venous catheter removal recommended

Treat with fluconazole. May also offer fluconazole
prophylaxis for highest risk patients.

Treat with azoles or caspofungin

Treat aggressively with acyclovir

Prophylactic acyclovir should be considered in patients
with an extended duration of low lymphocyte count or
long-term steroid use to prevent the poor clinical course
associated with visceral disseminated VZV infection.

Supportive care

S. aureus: Staphylococcus aureus; AML: acute myeloid leukemia; S. agalactiae: Streptococcus agalactiae; S. pneumoniae: Streptococcus pneu-
moniae; E. faecalis: Enterococcus faecalis; E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; HSV: herpes simplex virus; CARVs:

community-acquired respiratory viruses.

Enterococci infections are disproportionately found in
cancer patients and are challenging to treat [35]. Enterococ-
cus faecium (E. faecium) and Enterococcus faecalis (E. faeca-
lis) cause bacteremia in cancer patients and have been linked to
nosocomial infection onset, prior antibiotic exposure, and pro-
longed neutropenia [36]. Nearly 15-20% of Enterococcus spe-
cies are vancomycin-resistant (VRE) and are linked to poorer
clinical outcomes [2]. High VRE levels in cancer patients’ stool
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may predict subsequent bacteremia [37]. While more studies are
needed to determine the optimal therapy for VRE bacteremia;
daptomycin and linezolid are currently the most widely used
antimicrobials for this condition [38]. E. faecium strains in can-
cer patients are similarly difficult to treat due to universal beta-
lactam resistance and increasing vancomycin resistance [37]. E.
faecalis isolates that retain penicillin susceptibility should be
treated with the appropriate beta-lactam antibiotic [21].
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Gram-negative bacteria

Gram-negative bloodstream infections are more common than
gram-positive bloodstream infections in cancer patients with
solid tumors [13]. The lower incidence of gram-negative in-
fections in patients with hematologic malignancies can be at-
tributed to the antibiotic prophylaxis many receive following
chemotherapy treatment; however, the number of antibiotic-
resistant strains is steadily increasing [2, 39]. Additionally,
some studies suggest that gram-negative bacteria may facili-
tate tumor progression and support tumor metastasis [40, 41].
The most commonly isolated gram-negative organisms in-
clude: Escherichia coli, Klebsiella species, and Pseudomonas
aeruginosa (P. aeruginosa) [42]. These organisms commonly
colonize the urinary tract following urinary stasis and can lead
to the development of complicated urinary tract infections,
urosepsis, or bacteremia [43]. Escherichia coli (E. coli) has
historically been the most common gram-negative species to
cause infection in neutropenic cancer patients [44]. One study
of bacteremia in cancer patients described nearly 21% of gram-
negative bacteremia cases were attributed to E. coli infection,
and the associated mortality was 17% [45]. Of increasing con-
cern is the prevalence of quinolone-resistant E. coli which dis-
proportionately affects neutropenic cancer patients who have
received prophylactic quinolone treatment [46, 47]. Underly-
ing malignancy and immunosuppressive therapy contribute to
the more severe disease and higher fatality rate seen in cancer
patients that acquire E. coli infections [48]. E. coli strains that
produce extended-spectrum beta-lactamase (ESBL) should be
preferentially treated with carbapenems including meropenem
or imipenem [49]. In cases of complicated urinary tract infec-
tion caused by E. coli, plazomicin shows similar clinical cure
rates as meropenem and may be used as an alternative for pa-
tients who cannot tolerate carbapenems [50].

Klebsiella species are prevalent pathogens in healthcare-as-
sociated infections, and multidrug resistant strains pose a chal-
lenge to cancer patients with neutropenia [51]. Most infections
associated with Klebsiella species are urinary tract infections
or primary blood stream infections while all Klebsiella species
infections in cancer patients are associated with high mortality
related to acute infection. One particular strain of Klebsiella
pneumoniae (K. pneumoniae) called Klebsiella pneumoniae
carbapenemase-producing K. pneumoniae has been identified
to have greater than 70% mortality for bacteremic infections
[51]. As the prevalence of carbapenem-resistant K. pneumo-
nia increases, tigecycline in combination with piperacillin/
tazobactam seems to be a promising treatment [52]. Clinical
experience with prolonged ceftazidime-avibactam infusion to
treat carbapenem-resistant K. pneumonia is limited, but studies
show a carbapenem can be added if the isolate has an elevated
minimum inhibitory concentration to ceftazidime-avibactam
[53]. P. aeruginosa is another gram-negative organism with
growing resistance that causes infection in cancer patients.
Prophylactic antibiotics and empiric antibiotic coverage has
led to a decline in the prevalence of microbiologically proven
P aeruginosa infections in cancer patients [54]. However, rap-
idly progressive pseudomonas infections can be severe and are
best treated when the appropriate therapy is quickly initiated
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in high-risk patients. Antipseudomonal beta-lactam agents,
specifically piperacillin-tazobactam, should be used as mono-
therapy at cancer centers with low rates of resistance [26]. In
addition to antibiotic therapy, venous catheters should be re-
moved in patients with bloodstream infections caused by P.
aeruginosa [26].

Fungi

Cancer patients who have experienced neutropenic episodes
lasting longer than 7 - 10 days are at the greatest risk of devel-
oping a fungal infection [7]. Fungal infections are linked with
polymicrobial catheter-related infections; however, they can
also rarely lead to bloodstream infections [2]. The use of proph-
ylaxis targeting Candida species in patients with hematologic
malignancies has led the incidence of Aspergillus infections to
surpass that of Candida infections [55]. Reports of infections
with Fusarium species and Scedosporium species isolates have
also been made in patients with hematologic malignancies [56,
57]. Candida species lead to the most invasive yeast infections
in cancer patients [58]. Cytotoxic chemotherapy compromises
the mucosal surfaces upon which Candida typically thrives,
and these commensal organisms commonly enter the body
through the gastrointestinal tract in cancer patients [58]. While
the incidence of invasive candidiasis in cancer patients has
varied widely across various studies, patients with acute leuke-
mia are at the highest risk for developing invasive candidiasis
during episodes of post-chemotherapy neutropenia [59]. Can-
dida albicans accounts for over 50% of Candida infections;
however, patients with hematologic malignancies are also at
an increased risk of developing non-albicans Candida species
infections compared to immunocompetent patients [59]. While
Candida prophylaxis with fluconazole in high-risk patients has
decreased the incidence of infection, breakthrough infections,
resistance to fluconazole, and cross-resistance to any azole
have all been reported [60, 61]. Aspergillus is the most com-
mon fungal organism in patients with hematologic malignan-
cies [62]. This airborne organism is usually causes pneumonia
after being inhaled into the sinuses and respiratory tract. While
Aspergillus fumigatus (A. fumigatus) is the most common As-
pergillus species to cause disease, several others may lead to
invasive disease [63]. Reports suggest invasive aspergillosis
has an incidence of 4-15% and a mortality of 60-85% [64].
In addition to azoles, antifungal treatment against Aspergillus
infections includes caspofungin and other echinocandins [65].
However, it is important to note there have been reports of
caspofungin failing to prevent aspergillosis [66]. Antifungal
susceptibility testing should be considered for all patients with
breakthrough mold infection [67].

Viruses

While viruses are common in patients with chemotherapy-in-
duced neutropenia, antiviral prophylaxis can be used to reduce
the risk of infection [68]. Despite prophylaxis viral reactivation
in cancer patients is possible as a result of immunosuppres-
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sion. Common viral infections in cancer patients include: her-
pes simplex virus (HSV)-1 and 2, varicella zoster virus (VZV),
and community-acquired respiratory viruses (CARVs). Cancer
patients are at an increased risk of HSV-1 and -2 reactivations,
both of which are influenced by the dose and duration of cyto-
toxic chemotherapy treatment [69]. Two-thirds of seropositive
patients who undergo induction chemotherapy for acute my-
eloid leukemia will experience reactivation [70]. Similarly, pa-
tients who undergo hematopoietic cell transplantation (HCT)
without receiving antiviral prophylaxis are at an increased risk
for activation [71]. Oral mucositis lesions in populations of
chemotherapy and bone marrow transplant patients should be
evaluated for HSV [69]. Generally, culture positive lesions are
more severe than culture negative ones [69]. Aggressive treat-
ment with acyclovir should be initiated following laboratory
testing, and seropositive leukemia patients should be recom-
mended for acyclovir prophylaxis [69]. Immunocompromised
patients receiving malignancy-related therapy are at an in-
creased risk of VZV reactivation and infection [72]. Reactiva-
tion of VZV causes herpes zoster in an average of 5 months
following the initiation of chemotherapy in lymphoma patients
[73]. VZV reactivation and subsequent infection has also been
reported following radiotherapy in patients with breast cancer
[74]. Disseminated herpes zoster infection has been reported
in recipients of autologous and allogeneic hematopoietic stem
cell transplantation in highly immunocompromised [75]. Im-
portant to note is that the main risk factor for VZV reactivation
is a disrupted cellular immune response, not the severity of
neutropenia [75]. Prophylactic acyclovir should be considered
in patients with an extended duration of low lymphocyte count
or long-term steroid use to prevent the poor clinical course as-
sociated with visceral disseminated VZV infection [75].
CARVs occur at a higher frequency and pose a signifi-
cant threat to neutropenic patients [76]. The risk for infection
via CARVS mirrors respiratory virus outbreaks in the general
population [19]. The degree, duration, and type of immuno-
suppression at patient are receiving directly correlates to the
severity of CARV infections [20]. CARV infections include
influenza viruses, parainfluenza viruses types I - IV, human
adenovirus, human rhinoviruses, human metapneumovirus,
respiratory syncytial virus, and human coronaviruses. Lim-
ited information about the novel, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the virus that causes
coronavirus disease 2019 (COVID-19), has been released.
However, early reports suggest COVID-19 severity may be
worse in cancer patients, specifically in those with additional
comorbidities [77]. COVID-19 infection is a direct threat to
immunocompromised cancer patients, and the pandemic has
impacted the management of cancer. From early on, the pan-
demic has overwhelmed the healthcare system and caused di-
agnostic testing and procedures to be postponed [78]. Patient
fears of contracting COVID-19 may have further delayed criti-
cal doctor’s appointments, further worsening the outcome of
cancers with stage-dependent prognosis [79]. For previously
established cancer patients, healthcare providers and patients
have had to weigh the risks and benefits of cancer management
throughout the pandemic. Shorter appointment times and de-
creased follow-up frequency have significantly impacted how
cancers have been diagnosed and treated since the start of the
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pandemic [80]. The use of telemedicine has provided a safe,
convenient alternative to in-person appointments for cancer
patients during the pandemic, and improving this platform will
be critical in the setting of future public health crisis [80].

Treatment Recommendations

It is known that cytotoxic chemotherapy can induce prolonged
periods of severe neutropenia during which patients are at an
increased risk for developing complications secondary to in-
fections. In order to reduce infectious complications, various
societies have put forth recommendations for antibacterial, an-
tifungal, and antiviral prophylaxis. This section will explore
recommendations provided by American Society of Clinical
Oncology (ASCO), Infectious Diseases Society of America
(IDSA) Fever and Neutropenia Guidelines, and National Com-
prehensive Cancer Network (NCCN).

Antibacterial prophylaxis

Antibacterial prophylaxis typically targets virulent gram-neg-
ative bacilli, including P aeruginosa, which may cause life-
threatening infections in patients. Fluoroquinolones are the an-
tibiotics of choice referenced in most guidance for prophylaxis
in cancer patients since they have been extensively studied
[26]. Some known risks with fluoroquinolone use in patients
at risk for developing neutropenic fever include QT prolonga-
tion, growing antibiotic resistance, and increasing Clostridi-
oides difficile infections [81, 82]. Antibacterial guidance is
generally categorized by risk stratification for developing
complications secondary to neutropenia: high-risk, interme-
diate-risk, and low-risk. Guidance from the ASCO and IDSA
Fever and Neutropenia Guidelines recommend that high-risk
patients (those with an absolute neutrophil count of < 100
cells/mm? for > 7 days) who do not otherwise have a contrain-
dication to receiving a fluoroquinolone should receive fluoro-
quinolone prophylaxis [26, 83]. Similarly, NCCN guidelines
recommend fluoroquinolone prophylaxis for patients their so-
ciety classifies as high-risk, including: patients undergoing al-
logeneic hematopoietic transplant, neutropenic patients receiv-
ing induction chemotherapy for acute leukemia, and patients
in which the anticipated duration of neutropenia is > 10 days
[48]. NCCN also extends the consideration of fluoroquinolone
prophylaxis to intermediate-risk groups including those with
autologous hematopoietic transplant, lymphoma, multiple my-
eloma, chronic lymphocytic leukemia, purine analog therapy,
or anticipated neutropenia between 7 - 10 days [48]. Levoflox-
acin and ciprofloxacin are the most studied, and levofloxacin
is favored in patients at increased risk for Streptococcus viri-
dans mucositis [26]. Guidance from aforementioned societies
suggests that for intermediate-risk patients, those who can ex-
pect 7 - 10 days of neutropenia secondary to cancer treatment,
decisions to give a fluoroquinolone must be evaluated on a
case-by-case basis. A thorough risk-benefit analysis should
be performed for each patient of intermediate risk. According
to NCCN, patients who generally fall into this risk category
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include autologous HCT recipients, patients with lymphoma,
chronic lymphocytic leukemia or multiple myeloma [48]. For
low-risk patients who can anticipate neutropenia of 7 days or
fever, neither the ASCO nor the IDSA recommend routine use
of fluoroquinolone-based antibacterial prophylaxis [83]. Stud-
ies suggest that for low-risk patients, there is a high number
needed to treat in order to prevent a single infection [84]. Low-
risk patients generally include those with solid tumors being
treated with conventional chemotherapy.

Antifungal prophylaxis

Invasive fungal infections (i.e., candidemia) and Pneumocystis
pneumonia (PCP) are complications faced by those with he-
matologic malignancies and HCT recipients. Of note, current
controversy with regards to antifungal prophylaxis focuses on
local rates of resistance and overall risks of invasive fungal
infections based on antineoplastic agent.

Antimicrobial prophylaxis guidelines released by ASCO
and IDSA in 2018 and aspergillosis management guidelines
released by IDSA in 2016 suggest that antifungal prophylaxis
is recommended for patients in which the anticipated dura-
tion of severe neutropenia is greater than 7 days [83, 85]. Per
the guidelines, antifungal agents should be selected based on
the type of chemotherapy and anticipated adverse effects. For
example, fluconazole is the antifungal of choice for patients
undergoing initial induction or salvage chemotherapy who are
likely to develop oral or gastrointestinal mucositis [83, 85].
On the other hand, posaconazole or voriconazole are the pre-
ferred antifungal agents for patients subject to invasive mold
infections and Candida species secondary to intensive chemo-
therapy for acute myelogenous leukemia or advanced myelo-
dysplastic syndrome [83, 85]. These guidelines do not recom-
mend antifungal prophylaxis for patients with solid tumors or
lymphoma who are undergoing conventional chemotherapy
without concomitant immunotherapies [26].

The NCCN has also published guidelines for the use of
PCP prophylaxis of trimethoprim-sulfamethoxazole in patients
with cancer as well as those who have undergone HCT [48].
Patients with a PCP risk factor greater than 6% should start
PCP prophylaxis. Patients who are most susceptible include:
patients with another cause of immunocompromise who are
also receiving glucocorticoids for an extended period of time,
patients receiving alemtuzumab, patients receiving concomi-
tant temozolomide and radiotherapy, patients with acute lym-
phocytic leukemia, allogeneic HCT recipients, and select au-
tologous HCT recipients [48].

Antiviral prophylaxis

Viral infection and reactivation are complications that may
arise in the setting of neutropenia. Guidelines for antiviral
prophylaxis rely both on vaccines and antiviral medications to
protect neutropenic patients. Influenza infection follows pre-
dictable patterns as seasons change, and the annual influenza
vaccine is a tool readily available for neutropenic patients to
reduce the chance of infection. ASCO and IDSA recommend
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annual immunization with an inactive influenza vaccine for all
patients receiving cancer treatment [83]. Timing is critical, and
ideally, the vaccine is given at least 2 weeks before initiating
chemotherapy or following the completion of treatment [83].
Moreover, in the circumstance that the patient is a resident of a
long-term care facility, chemoprophylaxis to prevent influenza
virus is indicated [86]. HSV and VZV reactivation occurs in
patients who are not receiving prophylaxis, and they are sig-
nificant causes of morbidity in neutropenic patients. Per ASCO
and IDSA guidelines, acyclovir or valacyclovir prophylaxis is
indicated in patients seropositive for HSV who are undergoing
allogeneic HCT or induction chemotherapy of acute leukemia
[26]. Baseline duration of HSV and VZV prophylaxis differs;
however, treatment of either virus may be extended in the set-
ting of graft-versus-host disease for patients who are HCT re-
cipients [26]. Hepatitis B reactivation with a flare of hepatitis
may lead to hepatic failure in patients receiving chemotherapy.
Patients with elevated circulating hepatitis B DNA, detectable
hepatitis B surface antigen or those who have been infected
and cleared the virus and developed a hepatitis B surface an-
tigen or core antibody are all at risk. ASCO and IDSA guide-
lines recommend entecavir or tenofovir as nucleoside reverse
transcriptase inhibitors that should be given to patients at risk
of reactivation [83].

Interactions Between Antibiotics and Cancer
Therapy

While antibiotics are critical agents for treating bacterial in-
fections in cancer patients, some have the capacity to inter-
act with various cancer therapies, thus inhibiting their anti-
cancer effects. In patients receiving radiotherapy, antibiotics
may weaken the immune response and affect the metabolism
of normal tissues [87, 88]. This metabolic disturbance has a
synergistic effect with the destruction of normal tissues in ra-
diotherapy [89]. Antibiotics may also lead to chronic inflam-
mation in combination with chemotherapy, thus disrupting
the intestinal microbiota and inhibiting the chemotherapeutic
treatment of cancers [90]. Tetracyclines have received specific
attention for their inhibition of T-lymphocytes and stimulation
of PGE2 production, leading to an overall increased cancero-
genic and metastatic potential [91, 92]. Similarly, studies show
that antibiotics can inhibit the effects of immunotherapy for
cancer with immunotoxicity, genotoxicity or cytotoxicity via
disruptions to the intestinal microbiota [93]. Disordered intes-
tinal flora also explains the mechanism by which antibiotics
weaken the therapeutic effect of immune checkpoint inhibitors
[89]. Moreover, it has been demonstrated that long-term anti-
biotic use has a greater impact on checkpoint inhibitor efficacy
that short-term use [94].

Of note, some antibiotics have been shown to have anti-
cancer effects. For example, clioquinol, a metal chelator, was
used as an antimicrobial agent for many years. It is known that
metals are important in both carcinogenesis an angiogenesis
[95, 96]. Clioquinol has been shown to inhibit the activity
of the enzyme SODI, a critical target for anticancer therapy,
by binding metals essential for its function: copper and zinc
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[97, 98]. The anticancer effects of clioquinol have been dem-
onstrated both in vitro as well as in vivo [97]. Ampicillin is
another antibiotic that has received some attention for its po-
tential anticancer effects. /n vitro studies have suggested am-
picillin in various combinations may have an antitumor effect
in colorectal cancer and irritating effects at a vascular level
[99, 100]. While some studies suggest that the aforementioned
tetracycline increase metastatic potential, others show this an-
tibiotic has dose- and time-dependent cytotoxic effects [100].
In colorectal adenocarcinoma cell line HT-29, tetracycline has
decreased cell viability and inhibited cell migration [100].
Overall, in vitro studies will serve as the basis for further ex-
ploring the interactions between antibiotics and cancer thera-
pies as well as the anticancer effects of some antibiotics.

Conclusions

While the relationship between infections and cancer is com-
plex, there are evolving treatment modalities to protect vulner-
able cancer patients, particularly those with severe neutrope-
nia. There are several factors that make a patient more or less
susceptible to an infection. Some factors are directly related to
the cancer they have whereas others are dependent on comor-
bidities or social factors. Given the wide variety of infection
sources in cancer patients, it is critical to understand infections
which are more likely based on susceptibilities and anatomi-
cal considerations to treat appropriately. It is also important
to remember that even infection control may come at a cost.
When taken in combination with radiation therapy, chemother-
apy or immunotherapy, some antibiotics may increase the risk
of systemic inflammation and metastatic potential. In order to
help navigate the risks and benefits of treating and protecting
against infections in cancer patients, guidelines have been es-
tablished for the care of the neutropenic patient. These guide-
lines are easily accessible and provide clear recommendations
based on the specific infection and risk stratification of the
patient. Overall, there is a wealth of knowledge that exists to
guide the treatment of infections in cancer patients. As our un-
derstanding of infection control and cancer therapies continues
to evolve, guidelines will be expected to change accordingly
in an effort to protect our most vulnerable patients from infec-
tions that may complicate their clinical course.
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