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Abstract
Infections are still a major cause of morbi-mortality in patients with cancer. Some of these infections are preventable through 
specific measures, such as vaccination or prophylaxis. This guideline aims to summarize the evidence and recommendations 
for the prevention of infections in cancer patients, devoting special attention to the most prevalent preventable infectious 
disease. All the evidences will be graded according to The Infectious Diseases Society of America grading system.
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Introduction

Cancer incidence is steadily increasing, and while anticancer 
therapies are evolving, infections are still responsible for 
significant morbi-mortality in patients with cancer, owing 

to a greater risk of infection and a certain degree of immu-
nosuppression [1, 2].

 *	 Isabel Echavarria 
	 iechavarriadg@gmail.com

	 J. Rafael Carrión Galindo 
	 rafacarrion@yahoo.es

	 Jesús Corral 
	 jcorral@unav.es

	 María Pilar Diz Taín 
	 pilardiz@tudiscovirtual.com

	 Vega Iranzo González‑Cruz 
	 vegairanzo@hotmail.com

	 Xabier Mielgo‑Rubio 
	 xmielgo@hotmail.com

	 Teresa Quintanar 
	 teresaqv22@yahoo.es

	 Carlos Rivas Corredor 
	 carlosrivascorredor@gmail.com

	 Pedro Pérez Segura 
	 perezsegura09@gmail.com

1	 Department of Medical Oncology, Hospital General 
Universitario Gregorio Marañón, Instituto de Investigación 
Sanitaria Gregorio Marañon (IiSGM), CIBERONC, C/ Dr. 
Esquerdo, 46, 28007 Madrid, Spain

2	 Deparment of Medical Oncology, Hospital Universitario del 
Sureste, Madrid, Spain

3	 Department of Medical Oncology, Clínica Universidad de 
Navarra, Madrid, Spain

4	 Department of Medical Oncology, Hospital Universitario de 
León, León, Spain

5	 Department of Medical Oncology, Hospital Universitario 
Virgen Macarena, Sevilla, Spain

6	 Department of Medical Oncology, Hospital General 
Universitario de Valencia, Valencia, Spain

7	 Department of Medical Oncology, Hospital Universitario 
Fundación Alcorcón, Madrid, Spain

8	 Department of Medical Oncology, Hospital General 
Universitario de Elche, Elche, Spain

9	 Department of Medical Oncology, Hospital de Mataró, 
Barcelona, Spain

10	 Department of Medical Oncology, Hospital Clínico San 
Carlos, Madrid, Spain

11	 Department of Medicine, Universitat de València, Valencia, 
Spain

12	 Centro de Investigación Biomédica en Red en Cáncer 
(CIBERONC), Valencia, Spain

http://orcid.org/0000-0002-1156-7681
http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-022-02800-3&domain=pdf


725Clinical and Translational Oncology (2022) 24:724–732	

1 3

Immunosuppression in patients with cancer

Immunity compromise in patients with cancer is multifacto-
rial, and it is driven by patient comorbidities, tumor char-
acteristics and anticancer treatments. Advanced tumors are 
associated with a dysfunction of systemic immunity partly 
due to tumor progression itself. For instance, in patients with 
advanced non-small cell lung cancer, systemic immunosup-
pression has been characterized by an increased number of 
myeloid-derived suppressor cells (MDSCs), regulatory T 
lymphocytes, and immunosuppressive cytokines [3], and in 
patients with colorectal carcinoma, a systemic inflamma-
tory response that promotes an immunosuppressive environ-
ment has also been described [4]. Other factors related to 
advanced solid tumors, such as malnutrition, comorbidities, 
smoking, systemic inflammation and obstruction of anatomi-
cal structures, also contribute to a higher risk of infection 
[2]. In addition, disruption of natural defensive barriers, as 
in the case of mucositis, is an important promoter of infec-
tions in patients with cancer on active treatment.

On the other hand, anticancer therapy plays a key role in 
the development of immunosuppression in cancer patients. 
Myelotoxicity, and especially neutropenia, are one of the 
main toxicities of classical chemotherapeutic agents. Febrile 
neutropenia, defined as fever > 38 °C and neutropenia < 500 
cells/ml, is a potentially dangerous complication with risk 
of sepsis. The incidence of febrile neutropenia with cer-
tain chemotherapeutic regimens has prompted the use of 
granulocyte colony growth stimulating factors (G-CSF) as 
primary or secondary prophylaxis, as well as antimicrobial 
prophylaxis in specific settings [5].

Novel therapeutic agents such as immune checkpoint 
inhibitors do not carry a significant risk of myelotoxicity, 

but may require prolonged treatment with high-dose corti-
costeroids for the treatment of the immune-related adverse 
events (irAE). This prolonged use of high-dose glucocorti-
coids, either for the treatment of irAE or because of central 
nervous system metastases or other tumor complications, 
is also associated with an immunosuppressive state, medi-
ated by their interference with key inflammatory signaling 
responses such as depression of the phagocytic function of 
macrophages and alveolar neutrophils, suppression of den-
dritic cell maturation and function, and restriction of inflam-
matory cell migration in areas of infection, which facilitates 
the development of pneumonia [6].

Morbidity and mortality of infections in cancer 
patients

Infections in cancer patients lead to a significant increase 
in morbidity and mortality, with a risk of mortality from 
sepsis up to 10 times higher than patients without cancer [7, 
8]. Therefore, the detection of active and latent infections 
prior to chemotherapy, antimicrobial prophylaxis guidelines, 
vaccinations, and early detection and treatment of infections 
are especially important.

Methods

This Spanish Society of Medical Oncology (SEOM) Guide-
line has been drawn up by 10 oncologists members of 
SEOM. The Infectious Diseases Society of America grad-
ing system has been used to classify the level of certainty 
and grade of recommendation [9] (Table 1).

Table 1   The Infectious Diseases Society of America grading system

Infectious Diseases Society of America grading system. Adapted from [9]

Levels of evidence

I Evidence from at least one large randomized, controlled trial of good methodological quality (low potential for 
bias) or meta-analyses of well-conducted randomized trials without heterogeneity

II Small randomized trials or large randomized trials with a suspicion of bias (lower methodological quality) or meta-
analyses of such trials or of trials with demonstrated heterogeneity

III Prospective cohort studies
IV Retrospective cohort studies or case–control studies
V Studies without control group, case reports, expert opinions
Grades of recommendation
A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended
B Strong or moderate evidence for efficacy but with a limited clinical benefit, generally recommended
C Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs, 

etc.), optional
D Moderate evidence against efficacy or for adverse outcome, generally not recommended
E Strong evidence against efficacy or for adverse outcome, never recommended
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Infection control practices for adult patients 
with solid tumors

General recommendations

Due to the high morbi-mortality related to infections in 
cancer patients, hygienic measures represent the initial step 
toward infection prevention, and should be maximized. 
Although evidence of their clinical benefit is lacking, these 
standard precautions are endorsed by expert panels [10, 11], 
since benefits outweigh harms [12] (III-A):

–	 hand hygiene and use of personal protective equipment 
whenever risk of exposure exists (gloves, masks and 
gowns).

–	 Respiratory hygiene and cough etiquette.
–	 Injection safety and venous catheter care.
–	 Cleaning and disinfection of devices and environmental 

surfaces.
–	 Transmission precautions.
–	 Dietary recommendations, avoiding potentially contami-

nated food.
–	 Immunizations, following recommendations by the CDC/

IDSA [13].

Vaccination in patients with cancer

Types of vaccines [13]

Vaccination is a cornerstone of infection prevention, and is 
especially relevant in cancer and other immunocompromised 
patients.

Different types of vaccines exist:

a)	 Live-attenuated vaccine: based on weakened versions of 
the pathogen, they may carry a risk of virus replication 
and infection in immunocompromised hosts.

b)	 Inactivated vaccine: inactivated vaccines, made from 
inactivated or killed pathogens, do not carry a risk 
of replication and infection, but may generate lower 
immune responses and therefore require booster doses.

c)	 Subunit/conjugate vaccine: made from specific proteins 
or carbohydrates from the germ, they do not carry a risk 
of replication and infection, but booster shots may be 
needed.

d)	 mRNA vaccines: made from viral RNA, they do not 
entail a risk of infection.

Immunogenicity of vaccines in patients with cancer 
may be hampered due to immunosuppression. Data on vac-
cine efficacy among patients with cancer are scarce, since 
most data come from underpowered studies that included 
patients with a variety of cancers and chemotherapeutic 

regimens, and that used diverse definitions of vaccine 
response, mainly by assessing seroconversion [14, 15]. 
Moreover, vaccine efficacy can be very difficult to assess 
in the oncological population owing to a low incidence of 
the disease or seasonality.

Timing of immunizations [13, 15]

In addition to the scarce data on vaccine efficacy in patients 
with cancer, timing of immunization must be taken into 
account in this population:

•	 Vaccines should preferably be administered to cancer 
patients before the start of the treatments (systemic 
therapies, radiation or splenectomy); at least 2 weeks 
before in the case of inactivated vaccines (I-A) and 
4 weeks for live-virus vaccines (I-A), when feasible.

•	 Live-virus vaccines should not be given to patients 
with cancer receiving chemotherapy or other immu-
nosuppressive therapies due to the risk of vaccine-
derived infections (II-D). Inactivated vaccines can be 
safely administered during chemotherapy, but may be 
ineffective, and thus, they should not be considered 
valid doses unless seroconversion is documented (II-
A).

•	 After completion of chemotherapy, patients who have 
not received anti-B cell antibodies can receive both 
inactivated and live-virus vaccines 3 months after the 
end of the treatment if clinically indicated (III-A). 
Patients treated with anti-B cell antibodies should wait 
at least six months for vaccination (III-B).

Vaccines should be given before the start of systemic 
therapies when feasible (I-A). Live-virus vaccines are 
contraindicated during chemotherapy (II-D) (Table 2).

SARS‑CoV‑2 vaccination

The global pandemic of severe acute respiratory syndrome 
coronavirus 2 (SARS-COV-2) has impacted significantly 
patients with cancer. Regular contact with health-care sys-
tem has led to an increased exposure and risk of infec-
tion, and cancer-related immunosuppression has placed 
them at a higher risk of developing severe COVID-19 and 
death (5–61%) than the overall population (2–3%) [16–18]. 
Among patients with cancer, those with hematological and 
lung malignancies, advanced stage and ongoing antineo-
plastic treatments seem to be associated with an increased 
risk of mortality. However, it is important to note that the 
higher incidence and severity of COVID-19 in cancer 
patients is based on retrospective and non-comparative 
studies, and many unmeasured confounding factors and 
selection biases might exist (IV-C). On the other hand, 
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SARS-CoV-2 infection could have a negative impact on the 
screening, diagnosis, treatment and follow-up in patients 
with cancer, leading to an increased morbidity and mortal-
ity due to their tumors (V-C).

Initially, despite data on safety and efficacy of SARS-
CoV-2 vaccination in cancer patients were limited, vac-
cination was highly recommended in this setting (V-C). 
However, there is growing evidence that vaccination in 
this population is safe and that patients with solid tumors 
have seroconversion rates similar to the general population, 
although seroconversion may take longer to achieve [19, 20]. 
In fact, recent data on the efficacy of SARS-CoV-2 vacci-
nation in patients with solid tumors have shown that the 
majority of the patients develop antibodies against the virus 
(anti-S1), as well as cellular response following the infection 
and vaccination, regardless of the tumor type or treatment. 
Hematological malignancies are associated with lower rates 
of seroconversion, especially among patients treated with B 
cell-depleting agents. However, seroconversion may over-
estimate the level of immunity against the infection, and 
especially, against variants of concern, since a significant 
proportion of cancer patients do not reach a neutralizing 
antibody titer. Importantly, immunity is much higher fol-
lowing infection in patients with prior infection, support-
ing the administration of a 3rd dose in cancer patients [21, 
22]. There is no consensus about the optimal timing of vac-
cination for patients on active treatment. Healthcare staff 
vaccination is strongly recommended to reduce nosocomial 
transmission of the disease to cancer patients [23] (III-C).

Anti-SARS-CoV-2 vaccination is highly recommended 
in patients with cancer (V-C).

Influenza vaccine in cancer patients

Seasonal influenza virus infections are an important cause 
of respiratory disease and cancer patients are at an increased 
risk of morbi-mortality compared to the general popula-
tion [24]. Two main types of influenza virus, A and B, 
are responsible for the majority of the cases of severe 
disease, and mutations in their surface antigens prompt 
the annual epidemics [25]. Influenza virus-related mortal-
ity can reach up to 9–10% in cancer patients undergoing 
active therapy. This can be prevented trough influenza 
vaccination, since it has shown a reduction in the duration 
and severity of the infection, and a significant decrease 
in the influenza-associated morbidity and mortality [26].

The efficacy and safety of influenza vaccination in 
cancer patients receiving conventional chemotherapy have 
been evaluated in several studies, showing a decreased 
rate of seroconversion compared with immunocompetent 
patients [27, 28]. Among patients treated with checkpoint 
inhibitors, influenza vaccination seems to safe and effec-
tive, with adequate seroconversion rates observed in the 
studies available [29]. There are controversial data on the 
effect of the timing of vaccination during chemotherapy 
cycles on the immunogenicity of the vaccine, and thus, 
there is no clear recommendation about it [25, 27].

Since influenza vaccination in cancer patients in active 
treatment has shown to be safe and effective, and con-
tributes to the reduction of morbi-mortality, inactivated 
viral vaccines against influenza should be administered 
annually before the start of the season (I-A). Vaccination 
rates among cancer patients, their relatives, and health-
care staff still need to be improved, and quality data on 
the optimal timing of vaccination during the chemotherapy 
cycle is highly needed.

Table 2   Summary of recommendations

Level of 
evidence

Vaccination Vaccines should be given before the start of systemic therapies when feasible I-A
Live-attenuated vaccines must not be administered during chemotherapy treatment II-D
SARS-CoV-2 vaccination is recommended in patients with cancer V-C
Influenza vaccine should routinely be administered in patients undergoing cancer treatments I-A
Patients with cancer should receive the PCV13 vaccine followed by the PPSV23 II-A
Vaccination against Herpes zoster should be administered to patients with cancer on active treatment II-A

Viral hepatitis prophylaxis Screening for HBV and HCV should be performed before the start of anticancer treatments I-A
Patients with chronic HBV (HbsAg-positive) undergoing anticancer treatment should receive antiviral 

prophylaxis during treatment and for at least 12 months after its completion
I-A

Patients with past HBV and solid tumors with a low-risk of reactivation, may be closely monitored IV-B
Antimicrobial prophylaxis Antibiotic and antifungal prophylaxis for the prevention of febrile neutropenia is not routinely recom-

mended in patients with solid tumors
II-A

PJP prophylaxis, with TMP-SMX as the preferred regimen, is recommended in patients with prolonged 
high-dose corticosteroids treatments

III-A
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Pneumococcal vaccine

Patients undergoing chemotherapy for solid tumors are at a 
40–50% higher risk for the development of invasive pneu-
mococcal disease (IPD) than the general population, with 
fatality rates approaching 35% [30]. Two pneumococcal 
vaccines, the pneumococcal 13-valent conjugated vaccine 
(PCV13) and the pneumococcal 23-valent polysaccharide 
vaccine (PPSV23), are currently available, and studies have 
suggested that vaccination reduces the burden of IPD and 
non-bacteremic pneumococcal pneumonia.

In 2013, the Advisory Committee on Immunization 
Practices (ACIP) and the Centers for Disease Control and 
Prevention recommended the pneumococcal vaccination of 
unvaccinated, immunocompromised patients aged 19 years 
or older, based on the administration of PCV13 followed by 
the PPSV23 within 6 to 12 weeks (II-A) [31].

For patients who have previously received PPSV23, the 
PCV13 dose should be given at least 1 year after the last 
PPSV23 dose. For those who require additional doses of 
PPSV23, the first such dose should be given no sooner than 
8 weeks after the PCV13 dose [32].

Pneumococcal vaccination is strongly recommended in 
patients with cancer on chemotherapy treatment (II-A).

Herpes zoster vaccine

Patients with solid tumors are at an increased risk of devel-
oping herpes zoster, a reactivation of the varicella zoster 
virus. A recombinant zoster vaccine has shown significant 
efficacy in the prevention of herpes zoster and post-herpetic 
neuralgia. Clinical trials carried out in patients with solid 
tumors have shown strong immune responses following vac-
cination [33]. Although vaccine shortage has prevented from 
routine vaccination, it will presumably be overcome soon.

When available, recombinant zoster vaccine should be 
administered to patients with cancer undergoing chemotherapy, 
with a schedule of two doses spaced two months apart (II-A).

Other routine vaccines

All cancer patients should be up to date on tetanus and diph-
theria toxoid (Td) immunization, although limited infor-
mation is available regarding Td vaccine response in this 
setting. Its administration is recommended at least 10 days 
before initiating chemotherapy (II-A) [34].

Patients with cancer should follow the same ACIP recom-
mendations for meningococcal vaccine as compared with 
other immunosuppressed patients. It should be offered either 
prior to chemotherapy or once the patient’s immune system 
has recovered (III-C) [15].

Vaccination against Hepatitis B (HBV) and Hepatitis 
A (HAV) should be considered in patients with incom-
plete vaccination status or indicated refresher vaccination. 
Data showed immunogenicity and safety in patients under 
chemotherapy. In addition, in Germany, the Standing Com-
mittee on Vaccination (STIKO) recommends vaccination 
against HAV for patients receiving transfusions (II-B) [35].

Live-attenuated vaccines, such as measles, mumps, and 
rubella (MMR) (II-B) and varicella (II-A), are contrain-
dicated in highly immunocompromised cancer patients. 
They could be administered at least 4 weeks before the 
initiation of chemotherapy and at least 3 months after com-
pletion. It is advisable to vaccinate susceptible household 
contacts of cancer patients to minimize the likelihood of 
their infection.

Recent studies have highlighted the fact that international 
travel is common among patients living with cancer, even 
immunocompromised patients [36]. Live-attenuated yellow 
fever vaccine, oral typhoid vaccine, and oral cholera vaccine 
cannot be given to them (II-D).

Vaccination in patients undergoing splenectomy

Some particular situations, such as patients undergoing a 
splenectomy in the context of their cancer surgery, may 
require specific prophylaxis. These patients are at increased 
risk of infection by encapsulated bacteria and other patho-
gens, and therefore, should follow a specific vaccination 
schedule, including vaccination against N. meningitidis, in 
addition to the influenza and pneumococcal vaccines, pref-
erably at least 2 weeks before the splenectomy or 2 weeks 
after (III-A) [37]. Special attention to fever and infectious 
symptoms must be paid, and early antibiotic initiation must 
be considered.

Human papillomavirus vaccine (HPV)

In addition, some infectious agents are associated with the 
development of malignancies, such as HPV, related to ano-
genital (including cervical, vaginal, vulvar, and anal) and 
oropharyngeal cancers. Infection by high-risk HPV geno-
types, such as 16 and 18, is responsible for approximately 
70% of cervical cancers. The ACIP and the Centers for Dis-
ease Control and Prevention recommend routine adminis-
tration of the recombinant 3-dose HPV vaccine to females 
and males aged 11 or 12 years old. For those not vaccinated 
at the target age, vaccination is recommended up to age 
26 years (II-A). Immunosuppression is not a contraindica-
tion for HPV vaccination [38]. In HPV-positive women, 
vaccination may prevent from other HPV types and reduce 
the risk of relapse, and therefore, should be considered [39] 
(I-A).
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Antiviral prophylaxis

Hepatitis screening for patients with cancer prior 
to therapy

Cancer patients with HBV and hepatitis C virus (HCV) 
infection receiving systemic therapy are at risk of reactiva-
tion. Among patients with solid tumors, HBV reactivation 
is estimated around 25% and 3% for chronic HBV and past 
HBV infection respectively, and may reach up to 48% and 
18% respectively among those with hematological malig-
nancies. Likewise, immune checkpoint inhibitors also carry 
a significant risk of HBV reactivation, which may be up to 
21%, with the additional risks of autoimmune hepatitis and 
further immunosuppression due to frequent glucocorticoids 
treatment. HBV reactivation is associated with a variety of 
liver disease, ranging from transient asymptomatic eleva-
tion of transaminases to fulminant hepatitis and death [9, 
40, 41]. Risk of reactivation for each specific anticancer 
agent has not been established. Therefore, serological status 
before therapy should be assessed (I-A), although it should 
not delay the start of the oncological systemic therapy [9, 
40–45].

HCV reactivation studies in cancer patients are not as 
numerous as for HBV, and the prevalence of HCV infection 
in cancer patients ranges from 1.5% to 32% [46]. However, 
an increased mortality in cancer patients with HCV infec-
tions compared to HCV-negative patients has been noticed, 
due to a higher risk of early cirrhosis and viral reactivation 
[45, 47].

Management of HBV reactivation in cancer patients

Patients with chronic HBV (HbsAg-positive): antiviral 
prophylaxis therapy should be started preferably 2 weeks 
before the start of immunosuppressive therapies, and con-
tinued for the duration of cancer therapy and through the 
12 months following the last cycle of cancer treatment. 
Monitoring includes serum HBV DNA levels and ALT at 
baseline and every 6 months [9, 40–42] (I-A). An exception 
may be patients receiving hormonal therapy alone, since the 
risk of reactivation is low. Counseling of their infectious risk 
to others is recommended.

Patients with prior HBV infection (HbsAg-negative/anti-
HBc-positive) and systemic therapy not associated with a 
high risk of reactivation, such as conventional chemothera-
peutic agents used in solid tumors, should be carefully moni-
tored, including DNA levels, HbsAg and ALT, so potential 
reactivations can be detected and antiviral therapy started 
(IV-B). This is due to the belief that reactivation of past 
HBV infections only occurs with strong immunosuppres-
sion. On the other side, patients treated with cancer thera-
pies with high risk of HBV reactivation, such as anti-CD20 

monoclonal antibodies or hematopoietic stem cell trans-
plantation, should receive antiviral prophylaxis for at least 
12–18 months after completion of treatment, with individu-
alized management thereafter (I-A) [9, 40–42, 48].

Prophylaxis, treatment and vaccination

In patients not vaccinated and with no prior exposure to 
HBV (HbsAg, anti-HBc and anti-HBs negative), risk of 
infection exists and therefore, vaccination is recommended, 
preferably at least 3 to 6 months after cessation of treatment 
[46]. Serological testing following vaccination may be con-
sidered to ensure immunity.

Treatment with entecavir or tenofovir during anticancer 
therapy is recommended for the prophylaxis or treatment 
of HBV reactivation (II-A) [49]. HIV should be ruled out 
before starting these drugs. Preferably, antivirals should be 
started at least two weeks before immunosuppressive treat-
ment, especially in patients with detectable levels of HBV 
DNA; and continued for a minimum of 1 year after cessation 
of immunosuppressive treatment (I-B), although anticancer 
therapy initiation should not be delayed [9, 40–42, 48].

Treatment of hepatitis C in cancer patients.

Serologic testing for HCV should be assessed in all candi-
dates for immunosuppressive therapy (I-A) [45], and subse-
quently, HCV-RNA viral load should be measured in sero-
logically positive patients (III-A). Patients with HCV-RNA 
detectable, and thus, with current HCV infection, should 
receive further diagnostic assessment of the extent of liver 
disease. Treatment is recommended for all patients with 
acute or chronic HCV infection (I-A), except for those with 
a short-life expectancy because of non-liver-related comor-
bidities (II-B) [43]. The preferred simplified regimens with 
HCV direct-acting antiviral (DAA) drug combinations are: 
glecaprevir/pibrentasvir for a duration of 8 weeks or sofos-
buvir/velpatasvir for a duration of 12 weeks (I-A). All these 
treatments aim to achieve a sustained virologic response, 
with undetectable HCV-RNA levels in serum or plasma. 
These treatments should not be given concomitantly with 
anticancer treatments.

Antimicrobial prophylaxis 
during neutropenia

Intensive cytotoxic chemotherapy can cause febrile neu-
tropenia (FN) episodes and life-threatening infections. 
The risk of infection increases with the depth and dura-
tion of neutropenia (< 500 cells/mm3 for > 7 days), so that 
patients are stratified as high-risk (> 7 days) and low-risk 
(≤ 7 days) according to its anticipated duration [12, 50, 51]. 
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Prophylactic antibacterial, antifungal, and antiviral agents 
can reduce infectious complications, especially among high-
risk patients, such as patients with acute myeloid leukemia/
myelodysplastic syndromes (AML/MDS) or undergoing 
HSCT. On the other hand, most chemotherapy regimens 
used for solid tumors are associated with short-duration 
neutropenia episodes (≤ 7 days), and therefore, prophylaxis 
is not recommended (II-D) [12, 50–52]. Risk of FN and 
the need for antimicrobial prophylaxis should be carefully 
assessed.

Antibacterial prophylaxis has shown to be effective and 
safe in preventing FN and bacterial infections, with a sig-
nificant reduction of infection-related mortality and rate of 
bacteremia [53]. Prophylaxis with fluoroquinolones (FQ), 
such as ciprofloxacin and levofloxacin, should be consid-
ered in the high-risk patients detailed above (I-B) [12, 50, 
51, 53, 54]. Combination of FQs with agents active against 
Gram-positive infections is generally not recommend (II-
D). Antibiotic prophylaxis is not routinely recommended for 
solid cancer patients (II-D).

Antifungal prophylaxis. Among patients at high risk of 
invasive fungal infection (IFI), mostly related to Aspergil-
lus spp. and Candida spp., oral triazoles, such as posacona-
zole (I-A) and voriconazole (II-B), are the preferred choice, 
although other options like echinocandins are available [12, 
50, 52, 54]. Patient and treatment singularities may affect 
the antifungal preference. Antifungal prophylaxis is not rou-
tinely recommended for patients with solid cancers (II-D).

Antiviral prophylaxis. Patients seropositive for herpes 
simplex virus undergoing allogeneic HSCT or induction 
chemotherapy for acute leukemia should receive antiviral 
prophylaxis with acyclovir or valacyclovir (II-A). HSCT 
recipients who are seropositive for varicella zoster virus 
(VZV) should receive antiviral prophylaxis, preferably 
with valacyclovir (II-A) [12, 50, 54]. For autologous HSCT, 
prophylaxis for HSV/VZV is also recommended (II-A) [55]. 
Cytomegalovirus reactivation does not generally occur in 
patients with chemotherapy-induced neutropenia. Serologic 
testing for HSV and VZV, and antiviral prophylaxis, is not 
indicated in solid tumor patients (II-D).

Duration of antimicrobial prophylaxis. Prophylaxis is rec-
ommended during the expected period of neutropenia, and 
until mucositis resolution, whichever occurs later, in the case 
of antiviral prophylaxis. VZV antiviral prophylaxis should 
be continued for at least 1 year [12, 50, 51, 54].

Pneumocystis prophylaxis in prolonged 
corticosteroid treatments

Pneumocystis jirovecii pneumonia (PJP) is becoming an 
increasingly matter in HIV-negative patients, and carries a 
poorer prognosis than in the HIV-positive patients. Several 

risk factors have been identified in HIV-negative patients, 
being the prolonged use of high-dose corticosteroids treat-
ment (≥ 20 mg/day prednisone equivalent for 4 weeks) the 
most common predisposing risk factor in cancer patients, 
although hematological malignancies patients are also at a 
greater risk of infection [56]. These patients are at high risk 
of PJP, regardless of the underlying type or stage of malig-
nancy, or use of other chemotherapeutic agents, either dur-
ing high-dose therapy or the steroid-tapering period. In this 
setting, prophylaxis is strongly recommended (III-A), with 
TMP-SMX as first-choice agents (II-A) [12, 51, 57], either a 
single-strength (80/400 mg) tablet daily or a double-strength 
tablet (160/800 mg) daily or three times per week (II-B) 
[51, 57]. Prophylaxis should be continued while steroids are 
being weaned and/or for a period of 6 weeks after cessation. 
Although the CD4 count has not been shown to correlate 
with risk of PCP in patients HIV-negative, some experts 
have suggested CD4 monitoring as a method to quantify 
risk of disease development and to guide duration of prophy-
laxis, taking as threshold 200 cells/mm3 (V-C) [57]. Thus, 
PJP prophylaxis is recommended, with TMP-SMX as the 
preferred regimen, for patients with a prolonged use of high-
dose corticosteroids (III-A).

Conclusion

In conclusion, infections are still a major issue in patients 
with cancer, but some of them are preventable trough vac-
cination or prophylaxis, and thus, these measures represent 
a cornerstone of cancer patients’ management.

Author contributions  All authors have contributed equally to the pre-
sent manuscript.

Declarations 

Conflict of interest  IE reports Speaker from Pfizer, Roche, Novartis 
and Teva. MPDT reports Advisory Board—Speaker from BMS, Astra-
Zeneca, Takeda, Amgen, Boehringer Ingelheim, Roche, Pfizer, MSD. 
RCG, JC, FHC, VIGC, XM, TQ, CRC, PPSF reports no relevant con-
flicts of interest.

Ethical approval  The current study has been performed in accordance 
with the ethical standards laid down in the 1964 Declaration of Hel-
sinki and its later amendments.

Informed consent  For this type of study formal consent is not required.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 



731Clinical and Translational Oncology (2022) 24:724–732	

1 3

included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. 
CA Cancer J Clin. 2021;71(1):7–33.

	 2.	 Rapoport BL, Cooksley T, Johnson DB, Anderson R, Shannon 
VR. Treatment of infections in cancer patients: an update from 
the neutropenia, infection and myelosuppression study group 
of the Multinational Association for Supportive Care in Cancer 
(MASCC). Expert Rev Clin Pharmacol. 2021;14(3):295–313.

	 3.	 Li YD, Lamano JB, Lamano JB, Quaggin-Smith J, Veliceasa D, 
Kaur G, et al. Tumor-induced peripheral immunosuppression 
promotes brain metastasis in patients with non-small cell lung 
cancer. Cancer Immunol Immunother CII. 2019;68(9):1501–13.

	 4.	 Tuomisto AE, Mäkinen MJ, Väyrynen JP. Systemic inflam-
mation in colorectal cancer: Underlying factors, effects, 
and prognostic signif icance. World J Gastroenterol. 
2019;25(31):4383–404.

	 5.	 Carmona-Bayonas A, Jimenez-Fonseca P, de Castro EM, Mata E, 
Biosca M, Custodio A, et al. SEOM clinical practice guideline: 
management and prevention of febrile neutropenia in adults with 
solid tumors (2018). Clin Transl Oncol. 2019;21(1):75–86.

	 6.	 Roux A, Canet E, Valade S, Gangneux-Robert F, Hamane 
S, Lafabrie A, et  al. Pneumocystis jirovecii pneumonia in 
patients with or without AIDS. France Emerg Infect Dis. 
2014;20(9):1490–7.

	 7.	 Danai PA, Moss M, Mannino DM, Martin GS. The epi-
demiology of sepsis in patients with malignancy. Chest. 
2006;129(6):1432–40.

	 8.	 te Marvelde L, Whitfield A, Shepheard J, Read C, Milne RL, 
Whitfield K. Epidemiology of sepsis in cancer patients in Victoria, 
Australia: a population-based study using linked data. Aust N Z J 
Public Health. 2020;44(1):53–8.

	 9.	 Dykewicz CA. Centers for disease control and prevention (U.S.), 
infectious diseases society of America, American society of blood 
and marrow transplantation. Summary of the guidelines for pre-
venting opportunistic infections among hematopoietic stem cell 
transplant recipients. Clin Infect Dis. 2001;33(2):139–44.

	10.	 https://​www.​cdc.​gov/​infec​tionc​ontrol/​basics/​stand​ard-​preca​utions.​
html

	11.	 https://​www.​cdc.​gov/​hai/​pdfs/​guide​lines/​basic-​infec​tion-​contr​ol-​
preve​ntion-​plan-​2011.​pdf

	12.	 Taplitz RA, Kennedy EB, Bow EJ, Crews J, Gleason C, Hawley 
DK, et al. Antimicrobial prophylaxis for adult patients with can-
cer-related immunosuppression: ASCO and IDSA clinical practice 
guideline update. J Clin Oncol. 2018;36(30):3043–54.

	13.	 Rubin LG, Levin MJ, Ljungman P, Davies EG, Avery R, Tom-
blyn M, et al. 2013 IDSA clinical practice guideline for vac-
cination of the immunocompromised host. Clin Infect Dis. 
2014;58(3):309–18.

	14.	 Ljungman P. Vaccination of immunocompromised patients. Clin 
Microbiol Infect Off Publ Eur Soc Clin Microbiol Infect Dis. 
2012;18(Suppl 5):93–9.

	15.	 Ariza-Heredia EJ, Chemaly RF. Practical review of immuniza-
tions in adult patients with cancer. Hum Vaccines Immunother. 
2015;11(11):2606–14.

	16.	 Kuderer NM, Choueiri TK, Shah DP, Shyr Y, Rubinstein 
SM, Rivera DR, et  al. Clinical impact of COVID-19 on 

patients with cancer (CCC19): a cohort study. The Lancet. 
2020;395(10241):1907–18.

	17.	 Dai M, Liu D, Liu M, Zhou F, Li G, Chen Z, et al. Patients 
with cancer appear more vulnerable to SARS-CoV-2: a multi-
center study during the COVID-19 outbreak. Cancer Discov. 
2020;10(6):783–91.

	18.	 Martín-Moro F, Marquet J, Piris M, Michael BM, Sáez AJ, Corona 
M, et al. Survival study of hospitalised patients with concurrent 
COVID-19 and haematological malignancies. Br J Haematol. 
2020;190(1):e16-20.

	19.	 Monin L, Laing AG, Muñoz-Ruiz M, McKenzie DR, del del 
Molino BI, Alaguthurai T, et al. Safety and immunogenicity of 
one versus two doses of the COVID-19 vaccine BNT162b2 for 
patients with cancer: interim analysis of a prospective observa-
tional study. Lancet Oncol. 2021;22(6):765–78.

	20.	 Goshen-Lago T, Waldhorn I, Holland R, Szwarcwort-Cohen 
M, Reiner-Benaim A, Shachor-Meyouhas Y, et  al. Serologic 
status and toxic effects of the SARS-CoV-2 BNT162b2 vac-
cine in patients undergoing treatment for cancer. JAMA Oncol. 
2021;7(10):1507–13.

	21.	 Fendler A, Au L, Shepherd STC, Byrne F, Cerrone M, Boos LA, 
et al. Functional antibody and T cell immunity following SARS-
CoV-2 infection, including by variants of concern, in patients with 
cancer: the CAPTURE study. Nat Cancer. 2021. https://​doi.​org/​
10.​1038/​s43018-​021-​00275-9.

	22.	 Fendler A, Shepherd STC, Au L, Wilkinson KA, Wu M, Byrne 
F, et al. Adaptive immunity and neutralizing antibodies against 
SARS-CoV-2 variants of concern following vaccination in 
patients with cancer: the CAPTURE study. Nat Cancer. 2021. 
https://​doi.​org/​10.​1038/​s43018-​021-​00274-w.

	23.	 Frenzel E, Chemaly RF, Ariza-Heredia E, Jiang Y, Shah DP, 
Thomas G, et al. Association of increased influenza vaccina-
tion in health care workers with a reduction in nosocomial 
influenza infections in cancer patients. Am J Infect Control. 
2016;44(9):1016–21.

	24.	 Cooksley CD, Avritscher EBC, Bekele BN, Rolston KV, Ger-
aci JM, Elting LS. Epidemiology and outcomes of serious 
influenza-related infections in the cancer population. Cancer. 
2005;104(3):618–28.

	25.	 Pollyea DA, Brown JMY, Horning SJ. Utility of influenza vaccina-
tion for oncology patients. J Clin Oncol. 2010;28(14):2481–90.

	26.	 Shehata MA, Karim NA. Influenza vaccination in cancer 
patients undergoing systemic therapy. Clin Med Insights Oncol. 
2014;8:CMO.S13774.

	27.	 Loulergue P, Alexandre J, Iurisci I, Grabar S, Medioni J, Ropert S, 
et al. Low immunogenicity of seasonal trivalent influenza vaccine 
among patients receiving docetaxel for a solid tumour: results of 
a prospective pilot study. Br J Cancer. 2011;104(11):1670–4.

	28.	 Rousseau B, Loulergue P, Mir O, Krivine A, Kotti S, Viel E, et al. 
Immunogenicity and safety of the influenza A H1N1v 2009 vac-
cine in cancer patients treated with cytotoxic chemotherapy and/
or targeted therapy: the VACANCE study. Ann Oncol Off J Eur 
Soc Med Oncol. 2012;23(2):450–7.

	29.	 Bayle A, Khettab M, Lucibello F, Chamseddine AN, Goldschmidt 
V, Perret A, et al. Immunogenicity and safety of influenza vaccina-
tion in cancer patients receiving checkpoint inhibitors targeting 
PD-1 or PD-L1. Ann Oncol. 2020;31(7):959–61.

	30.	 Shigayeva A, Rudnick W, Green K, Chen DK, Demczuk W, Gold 
WL, et al. Invasive pneumococcal disease among immunocompro-
mised persons: implications for vaccination programs. Clin Infect 
Dis. 2016;62(2):139–47.

	31.	 Centers for Disease Control and Prevention (CDC), et al. Use of 
13-valent pneumococcal conjugate vaccine and 23-valent pneu-
mococcal polysaccharide vaccine for adults with immunocompro-
mising conditions: recommendations of the Advisory Committee 

http://creativecommons.org/licenses/by/4.0/
https://www.cdc.gov/infectioncontrol/basics/standard-precautions.html
https://www.cdc.gov/infectioncontrol/basics/standard-precautions.html
https://www.cdc.gov/hai/pdfs/guidelines/basic-infection-control-prevention-plan-2011.pdf
https://www.cdc.gov/hai/pdfs/guidelines/basic-infection-control-prevention-plan-2011.pdf
https://doi.org/10.1038/s43018-021-00275-9
https://doi.org/10.1038/s43018-021-00275-9
https://doi.org/10.1038/s43018-021-00274-w


732	 Clinical and Translational Oncology (2022) 24:724–732

1 3

on Immunization Practices (ACIP). MMWR Morb Mortal Wkly 
Rep. 2012;61(40):816–9.

	32.	 Baden LR, Swaminathan S, Angarone M, Blouin G, Camins BC, 
Casper C, et al. Prevention and treatment of cancer-related infec-
tions, version 2.2016, NCCN clinical practice guidelines in oncol-
ogy. J Natl Compr Canc Netw. 2016;14(7):882–913.

	33.	 Vink P, Delgado Mingorance I, Maximiano Alonso C, Rubio-
Viqueira B, Jung KH, Rodriguez Moreno JF, et al. Immunogenic-
ity and safety of the adjuvanted recombinant zoster vaccine in 
patients with solid tumors, vaccinated before or during chemo-
therapy: a randomized trial. Cancer. 2019;125(8):1301–12.

	34.	 Arrowood JR, Hayney MS. Immunization recommendations for 
adults with cancer. Ann Pharmacother. 2002;36(7–8):1219–29.

	35.	 Rieger CT, Liss B, Mellinghoff S, Buchheidt D, Cornely OA, 
Egerer G, et al. Anti-infective vaccination strategies in patients 
with hematologic malignancies or solid tumors-guideline of the 
infectious diseases working party (AGIHO) of the German soci-
ety for hematology and medical oncology (DGHO). Ann Oncol. 
2018;29(6):1354–65.

	36.	 Mikati T, Griffin K, Lane D, Matasar M, Shah MK. International 
travel patterns and travel risks for stem cell transplant recipients. 
J Travel Med. 2015;22(1):39–47.

	37.	 Bonanni P, Grazzini M, Niccolai G, Paolini D, Varone O, 
Bartoloni A, et  al. Recommended vaccinations for asplenic 
and hyposplenic adult patients. Hum Vaccines Immunother. 
2017;13(2):359–68.

	38.	 Markowitz LE, Dunne EF, Saraiya M, Chesson HW, Curtis CR, 
Gee J, et al. Human papillomavirus vaccination: recommendations 
of the Advisory Committee on Immunization Practices (ACIP). 
MMWR Recomm Rep. 2014;63(RR-05):1–30.

	39.	 Vorsters A, Van Damme P, Bosch FX. HPV vaccination: are we 
overlooking additional opportunities to control HPV infection and 
transmission? Int J Infect Dis. 2019;88:110–2.

	40.	 Hwang JP, Feld JJ, Hammond SP, Wang SH, Alston-Johnson DE, 
Cryer DR, et al. Hepatitis B virus screening and management for 
patients with cancer prior to therapy: ASCO provisional clinical 
opinion update. J Clin Oncol. 2020;38(31):3698–715.

	41.	 Rodríguez M, Buti M, Esteban R, Lens S, Prieto M, Suárez E, 
et al. Consensus document of the Spanish Association for Study 
of the Liver on the treatment of hepatitis B virus infection (2020). 
Gastroenterol Hepatol. 2020;43(9):559–87.

	42.	 Terrault NA, Lok ASF, McMahon BJ, Chang K-M, Hwang JP, 
Jonas MM, et al. Update on prevention, diagnosis, and treatment 
of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepa-
tol Baltim Md. 2018;67(4):1560–99.

	43.	 European Association for the Study of the Liver. Electronic 
address: easloffice@easloffice.eu, Clinical Practice Guidelines 
Panel: Chair:, EASL Governing Board representative:, panel 
members: EASL recommendations on treatment of hepatitis C: 
final update of the series☆. J Hepatol. 2020;73(5):1170–218.

	44.	 NCCN Clinical Practice Guidelines in Oncology. Prevention and 
treatment of cancer-Related Infections. Version 1.2021—July 2, 
2021 https://​www.​nccn.​org/​profe​ssion​als/​physi​cian_​gls/​pdf/​infec​
tions.​pdf

	45.	 AASLD-IDSA. Recommendations for testing, managing, and 
treating hepatitis C. http://​www.​hcvgu​ideli​nes.​org. [07/24/2021]

	46.	 Schillie S, Vellozzi C, Reingold A, Harris A, Haber P, Ward JW, 
et al. Prevention of hepatitis B virus infection in the united states: 
recommendations of the advisory committee on immunization 
practices. MMWR Recomm Rep. 2018;67(1):1–31.

	47.	 Borchardt RA, Torres HA. Challenges in managing hepati-
tis C virus infection in cancer patients. World J Gastroenterol. 
2014;20(11):2771–6.

	48.	 Paul S, Saxena A, Terrin N, Viveiros K, Balk EM, Wong JB. 
Hepatitis B virus reactivation and prophylaxis during solid tumor 
chemotherapy: a systematic review and meta-analysis. Ann Intern 
Med. 2016;164(1):30–40.

	49.	 Katz LH, Fraser A, Gafter-Gvili A, Leibovici L, Tur-Kaspa R. 
Lamivudine prevents reactivation of hepatitis B and reduces mor-
tality in immunosuppressed patients: systematic review and meta-
analysis. J Viral Hepat. 2008;15(2):89–102.

	50.	 Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mul-
len CA, et al. Clinical practice guideline for the use of antimi-
crobial agents in neutropenic patients with cancer: 2010 update 
by the infectious diseases society of america. Clin Infect Dis. 
2011;52(4):e56-93.

	51.	 Classen AY, Henze L, von Lilienfeld-Toal M, Maschmeyer G, 
Sandherr M, Graeff LD, et al. Primary prophylaxis of bacterial 
infections and Pneumocystis jirovecii pneumonia in patients with 
hematologic malignancies and solid tumors: 2020 updated guide-
lines of the Infectious Diseases Working Party of the German 
Society of Hematology and Medical Oncology (AGIHO/DGHO). 
Ann Hematol. 2021;100(6):1603–20.

	52.	 Maertens JA, Girmenia C, Brüggemann RJ, Duarte RF, Kib-
bler CC, Ljungman P, et al. European guidelines for primary 
antifungal prophylaxis in adult haematology patients: summary 
of the updated recommendations from the European Confer-
ence on Infections in Leukaemia. J Antimicrob Chemother. 
2018;73(12):3221–30.

	53.	 Gafter-Gvili A, Fraser A, Paul M, Vidal L, Lawrie TA, van de 
Wetering MD, et al. Antibiotic prophylaxis for bacterial infections 
in afebrile neutropenic patients following chemotherapy. Cochrane 
Database Syst Rev. 2012;1:CD004386.

	54.	 Tomblyn M, Chiller T, Einsele H, Gress R, Sepkowitz K, Storek 
J, et al. Guidelines for preventing infectious complications among 
hematopoietic cell transplantation recipients: a global perspective. 
Biol Blood Marrow Transplant. 2009;15(10):1143–238.

	55.	 Christopeit M, Schmidt-Hieber M, Sprute R, Buchheidt D, Hen-
trich M, Karthaus M, et al. Prophylaxis, diagnosis and therapy 
of infections in patients undergoing high-dose chemotherapy and 
autologous haematopoietic stem cell transplantation. 2020 update 
of the recommendations of the Infectious Diseases Working Party 
(AGIHO) of the German Society of Hematology and Medical 
Oncology (DGHO). Ann Hematol. 2021;100(2):321–36.

	56.	 Yale SH, Limper AH. Pneumocystis carinii pneumonia in 
patients without acquired immunodeficiency syndrome: associ-
ated illness and prior corticosteroid therapy. Mayo Clin Proc. 
1996;71(1):5–13.

	57.	 Cooley L, Dendle C, Wolf J, Teh BW, Chen SC, Boutlis C, 
et al. Consensus guidelines for diagnosis, prophylaxis and man-
agement of Pneumocystis jirovecii pneumonia in patients with 
haematological and solid malignancies, 2014. Intern Med J. 
2014;44(12b):1350–63.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.nccn.org/professionals/physician_gls/pdf/infections.pdf
https://www.nccn.org/professionals/physician_gls/pdf/infections.pdf
http://www.hcvguidelines.org

	SEOM clinical guidelines for the prophylaxis of infectious diseases in cancer patients (2021)
	Abstract
	Introduction
	Immunosuppression in patients with cancer
	Morbidity and mortality of infections in cancer patients

	Methods
	Infection control practices for adult patients with solid tumors
	General recommendations

	Vaccination in patients with cancer
	Types of vaccines [13]
	Timing of immunizations [13, 15]
	SARS-CoV-2 vaccination
	Influenza vaccine in cancer patients
	Pneumococcal vaccine
	Herpes zoster vaccine
	Other routine vaccines

	Vaccination in patients undergoing splenectomy
	Human papillomavirus vaccine (HPV)


	Antiviral prophylaxis
	Hepatitis screening for patients with cancer prior to therapy
	Management of HBV reactivation in cancer patients
	Prophylaxis, treatment and vaccination

	Treatment of hepatitis C in cancer patients.

	Antimicrobial prophylaxis during neutropenia
	Pneumocystis prophylaxis in prolonged corticosteroid treatments
	Conclusion
	References




