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Background: The present review is part of the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) Study Group for Infections in Compromised Hosts (ESGICH) consensus document on
the safety of targeted and biologic therapies.
Aims: To review, from an infectious diseases perspective, the safety profile of therapies targeting cell
surface receptors and associated signaling pathways among cancer patients and to suggest preventive
recommendations.
Sources: Computer-based Medline searches with MeSH terms pertaining to each agent or therapeutic
family.
Content: Vascular endothelial growth factor (VEGF)-targeted agents (bevacizumab and aflibercept) are
associated with a meaningful increase in the risk of infection, likely due to drug-induced neutropaenia,
although no clear benefit is expected from the universal use of anti-infective prophylaxis. VEGF tyrosine
kinase inhibitors (i.e. sorafenib or sunitinib) do not seem to significantly affect host's susceptibility to
infection, and universal anti-infective prophylaxis is not recommended either. Anti—epidermal growth
factor receptor (EGFR) monoclonal antibodies (cetuximab or panitumumab) induce neutropaenia and
secondary skin and soft tissue infection in cases of severe papulopustular rash. Systemic antibiotics
(doxycycline or minocycline) should be administered to prevent the latter complication, whereas no
recommendation can be established on the benefit from antiviral, antifungal or anti-Pneumocystis pro-
phylaxis. A lower risk of infection is reported for anti-ErbB2/HER2 monoclonal antibodies (trastuzumab
and pertuzumab) and ErbB receptor tyrosine kinase inhibitors (including dual-EGFR/ErbB2 inhibitors
such as lapatinib or neratinib) compared to conventional chemotherapy, presumably as a result of the
decreased occurrence of drug-induced neutropaenia.
Implications: With the exception of VEGF-targeted agents, the overall risk of infection associated with
the reviewed therapies seems to be low. J. Aguilar-Company, Clin Microbiol Infect 2018;s:1
© 2018 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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aimed at analysing, from an infectious diseases perspective, the
safety profile of biologic and targeted therapies. By means of a set of
unrestricted computer-based Medline searches based on the MeSH
terms appropriate for each agent or therapeutic family, we identi-
fied literature pertaining to the subject. In addition, package in-
formation and boxed warning alerts from regulatory agencies
(European Medicines Agency (EMA) and US Food and Drug
Administration (FDA)) were reviewed. Methodologic details are
provided in the introductory section of the present Supplement [1].
For each agent or class of agents, a common outline is offered, as
follows: (a) summary of mechanism of action, approved indications
and most common off-label uses; (b) theoretically expected impact
on the host's susceptibility to infection; (c) available evidence
emerging from the clinical use of that agent (i.e. randomized clin-
ical trials (RCTs), postmarketing studies, case series and single case
reports); and (d) suggested preventive and risk minimization
strategies.

Here we specifically focus on the risk of infection entailed by the
use of antineoplastic agents targeting different cell surface re-
ceptors and associated intracellular signaling pathways (Table 1).

Vascular endothelial growth factor—targeted agents:
bevacizumab and aflibercept

Mechanism of action, approved indications and off-label use

Angiogenesis, the formation of new capillary blood vessels from
the preexisting vasculature, constitutes a key process in tumour
progression by mediating invasion and metastasis of cancer cells
[2]. A complex network of multiple proangiogenic signaling mole-
cules, such as vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), fibroblast growth factor (FGF) or
placental growth factor (PIGF) families, as well as their respective

Table 1

receptors, stimulate intracellular signaling pathways that trigger
formation of new blood vessels, rapid tumour growth and meta-
static spread. Of these molecules, VEGF-A represents a dominant
angiogenesis promoter that stimulates the endothelial cell prolif-
eration and migration, ultimately leading to the formation of new
blood vessels [3]. Accordingly, increased VEGF mRNA expression
has been demonstrated in many human tumours, including lung
[4], breast [5], gastrointestinal tract [6], renal cell [7] and ovarian [8]
carcinomas. In addition, a high level of intratumoural and circu-
lating expression of VEGF-A has been found to be significantly
related with poor survival [9,10]. VEGF-A acts via two tyrosine ki-
nase receptors: VEGFR-1 (also known as Flt-1 (fins-like tyrosine
kinase)) and VEGFR-2 (also known as KDR (kinase-insert domain
containing receptor)), which are present on the surface of endo-
thelial cells. However, VEGF-B and PIGF bind only to VEGFR-1. Not
surprisingly, inhibition of VEGF family members (VEGF-A to VEGF-
D) and their corresponding receptors and downstream signaling
pathways has become an attractive therapeutic target, demon-
strating improved outcomes across several tumour types (Fig. 1).
Bevacizumab (Avastin, Roche), the first antiangiogenic drug to
be approved in 2004 as an antitumoural agent, is a humanized IgG1
monoclonal antibody that targets VEGF-A and prevents binding to
VEGFR-1 and VEGFR-2 on the surface of endothelial cells [11].
Bevacizumab has been approved by the EMA in combination with
fluoropyrimidine-based therapy for the treatment of metastatic
colorectal cancer [12—14], in combination with paclitaxel or cape-
citabine for metastatic breast cancer [15,16], and in combination
with platinum-based chemotherapy for non—small cell lung cancer
(NSCLC) other than predominantly squamous cell histology [17,18]
or with erlotinib in the presence of an activating mutation in the
EGFR gene [19]. Further indications include advanced and/or met-
astatic renal cell carcinoma (RCC) in combination with interferon
(IFN)-a-2a [20], epithelial ovarian, fallopian tube or primary

Summary of infection risks associated with use of agents targeting cell surface receptors and associated signaling pathways, and suggested recommendations

Agents Targeted molecule or Currently approved Increased risk  Observations and recommendations
pathway indications of infection
Bevacizumab, VEGF-A/B, PIGF CRC, breast cancer, Major e Increase in risk of infection (likely due to drug-induced
panitumumab, NSCLC, RCC, ovarian neutropaenia)
aflibercept cancer, fallopian tube o Increased risk of gastrointestinal perforation (with secondary
cancer, primary peritonitis and bacteraemia), particularly in patients with
peritoneal cancer, CRC, previous diverticulitis, radiotherapy or recent surgical or
cervical cancer endoscopic procedures
e No expected benefit from universal use of anti-infective
prophylaxis (individualized risk assessment)
Ramucirumab, sorafenib, VEGFR-2, tyrosine CRC, gastric cancer, None/major o No apparent increase in risk of infection with VEGF tyrosine
sunitinib, axitinib, kinase domain of NSCLC, RCC, HCC, GIST, kinase inhibitors
pazopanib, regorafenib VEGFR and other pancreatic e Increase in risk of infection with ramucirumab (similar to
vandetanib, cabozantinib  angiogenic pathways neuroendocrine VEGF-targeted agents, although clinical experience is more
tumour, thyroid cancer, limited)
soft tissue sarcoma
Cetuximab, panitumumab EGFR/HER1 RAS wild-type CRC, Major e Increase in risk of infection (mainly due to drug-induced
HNSCC neutropaenia and superinfection of papulopustular rash)
o No expected benefit from universal use of antiviral, antifungal
or anti-Pneumocystis prophylaxis
e Prevention of papulopustular rash (low-potency topical
steroids, moisturizer and sunscreen for first 6 weeks;
doxycycline or minocycline for first 6—8 weeks)
Trastuzumab, trastuzumab ErbB2/HER2 HER2-positive breast None o No apparent increase in risk of infection (lower incidence of
emtansine, pertuzumab cancer, HER2-positive neutropaenia compared to conventional chemotherapy)
gastric cancer
Erlotinib, gefitinib, afatinib, Tyrosine kinase NSCLC, pancreatic None e No apparent increase in risk of infection (lower incidence of

neratinib, lapatinib,
osimertinib

domains of EGFR/HER1,
ErbB2/HER2 and other
ErbB family members

cancer

neutropaenia compared to conventional chemotherapy)

CRC, colorectal carcinoma; EGFR, epidermal growth factor receptor; GIST, gastrointestinal stromal tumour; HCC, hepatocellular carcinoma; HER, human epidermal growth
factor receptor; HNSCC, head and neck squamous cell carcinoma; NSCLC, non—small cell lung cancer; PDGF, platelet-derived growth factor; PIGF, placental growth factor; RCC,
renal cell carcinoma; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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Fig. 1. Structure and mode of action of VEGF/VEGFR-targeted agents. Bevacizumab is a humanized IgG1 monoclonal antibody targeting VEGF-A (the most biologically active of the
VEGF family members). Ramucirumab is a humanized IgG1 monoclonal antibody targeting VEGFR-2, therefore impeding the binding of VEGF-A (VEGF-B and PIGF bind only to
VEGFR-1). Aflibercept is a fusion protein composed of the ligand-binding domains of VEGFR-1 and -2 linked to the Fc portion of IgG1. Small molecules (sorafenib, sunitinib, axitinib,
pazopanib, regorafenib, vandetanib and cabozantinib) block the downstream signaling cascade by means of the inhibition of the tyrosine kinase (TK) activity of the intracellular
domain of VEGFR, either alone or in combination with other angiogenic pathways (multikinase inhibitors). VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial

growth factor receptor.

peritoneal carcinoma in combination with platinum-based
chemotherapy [21—23] and recurrent or metastatic cervical carci-
noma in combination with different chemotherapy regimens [24].
The recommended dose as an intravenous (iv) infusion varies from
5 to 15 mg/kg every 2 to 3 weeks, depending on the tumour type.
Aflibercept (Zaltrap, Sanofi-Aventis) is a recombinant fusion
protein composed of the ligand-binding domains of the extracel-
lular portions of VEGFR-1 and VEGFR-2 linked to the fragment
crystallizable (Fc) portion of human IgG1, which acts as a soluble
decoy receptor, inhibiting the binding of VEGF-A, VEGF-B and PIGF
to VEGFR [25]. On the basis of the improvement in overall survival
observed in combination with folinic acid, 5-fluorouracil and iri-
notecan (FOLFIRI) after progression on an oxaliplatin-containing
regimen, aflibercept is currently approved in combination with
FOLFIRI for patients with metastatic colorectal cancer [26]. Afli-
bercept is administered at an iv dose of 4 mg/kg every 2 weeks.

Expected impact on susceptibility to infection

Neutropaenia occurs during therapy with bevacizumab and
aflibercept. The blockade of the biologic functions of VEGF can
delay leukocyte recovery after concomitant conventional cytotoxic
chemotherapy, thereby increasing the incidence and severity of
resulting neutropaenia [27]. Bevacizumab may modulate intracel-
lular T cell immunity within the tumour microenvironment and
eventually T cell proliferation, migration and activation [28]. In
addition, the occurrence of gastrointestinal perforation (potentially
leading to secondary peritonitis or bacteraemia) is a well-
established complication of VEGF-targeted agents, with a pooled
incidence of 0.9% (and a related mortality of 21.7%) in a meta-
analysis of bevacizumab trials [29]. Similar figures have been re-
ported for aflibercept [30]. This complication is more common
among patients with colorectal carcinoma and RCC, as well as in
those with previous diverticulitis or peptic ulcer disease, receipt of

local radiotherapy, or recent surgical or endoscopic procedures
[31]. The physiologic proangiogenic role of VEGF in normal (non-
tumour) tissue also explains the increased risk of delayed post-
operative wound healing and postoperative complications
(including surgical site infection) observed with anti-VEGF thera-
pies, particularly among patients with colorectal carcinoma [32,33].

Avadilable clinical data

Since its FDA approval for the treatment of metastatic colorectal
carcinoma in 2004, data derived from a large number of RCTs allows
to delineate the clinical impact of bevacizumab on infection sus-
ceptibility. As previously mentioned, neutropaenia constitutes a
frequent complication with this agent, with incidence rates for all-
grade and high-grade events of 25.0% and 18.5%, respectively, in a
meta-analysis with over 15 000 patients. The risk of febrile neu-
tropaenia was also increased compared to placebo or control arms
(relative risk (RR), 1.31; 95% confidence interval (CI), 1.08—1.58) [34].
A large meta-analysis pooling data from 41 RCTs and more than
30 000 patients with various cancer types (mostly colorectal carci-
noma) concluded that the use of bevacizumab significantly
increased the incidence of all-grade (RR, 1.45; 95% CI, 1.27—1.66) and
serious (RR, 1.59; 95% (I, 1.42—1.79) infection. The pooled incidences
for all-grade, severe and fatal infection were 7.8%, 3.0% and 0.9%,
respectively. In subgroup analyses, the association between bev-
acizumab therapy and infection was modulated by the use of
concomitant therapies (i.e. taxanes, capecitabine, gemcitabine or
oxaliplatin) and was revealed to be evident only for patients with
NSCLC, colorectal carcinoma, breast cancer and gastric cancer.
Although detailed information on infectious syndromes was not
available for most trials, the infection risk related to bevacizumab
seemed to be limited to febrile neutropaenia, fistulae or abscesses
and pneumonia, but not for sepsis or colitis [35]. Bacteraemia due to
Bacteroides fragilis [36] and Campylobacter spp. [37] was reported,
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presumably due to the effect of bevacizumab on the gastrointestinal
blood supply, facilitating bowel infarction and bacterial trans-
location. There are anecdotal reports of Pneumocystis jiroveci pneu-
monia [38,39] and necrotizing fasciitis [40]. However, the
contributing role of previous or concomitant cytotoxic therapies is
difficult to discern. In addition, the use of granulocyte-colony stim-
ulating factor (G-CSF) was not consistent across study arms in most
of these studies. Despite its deleterious impact on wound healing, no
increased periprocedural morbidity (including infections at the
insertion site) has been observed after placing long-term central
venous catheters in bevacizumab-treated patients [41], although a
more recent study has provided conflicting results [42].

Data from pivotal phase 2 and 3 trials also confirmed that the
incidence of neutropaenia was higher with aflibercept than
comparator therapy across different cancer types, such as NSCLC
[43] or metastatic colorectal carcinoma [26]. A meta-analysis that
included more than 4000 patients from ten RCTs of patients treated
with aflibercept reported a pooled incidence of serious and fatal
infection of 7.3% and 2.2%, respectively. Unfortunately, most meta-
analysed studies lack data granularity on the type of infection and
causative agent. The use of aflibercept was associated with an
increased risk of developing serious (RR, 1.87; 95% CI, 1.52—2.30)
and fatal (odds ratio, 2.16; 95% CI, 1.14—4.11) infection. The observed
risk of infection was substantially higher with aflibercept than
bevacizumab, a finding that could be potentially be explained by
the fact that aflibercept blocks not only the action of VEGF-A but
also VEGF-B and PIGF (Fig. 1). It should be kept in mind that the
interpretation of these findings is complicated because of the het-
erogeneity across studies, with patients receiving either
aflibercept-based combination therapy or aflibercept alone, and a
variety of regimens (including placebo) in the control arms [44].

The development of osteonecrosis of the jaw, a complication in
which the pathogenesis of oral microbiota and Actinomyces spp.
seem to be involved [45], has been described in patients receiving
bevacizumab [46] and aflibercept [47], even in the absence of prior
bisphosphonate therapy or local radiotherapy.

Conclusions and suggested prevention strategies

o In view of available data, therapy with VEGF-targeted agents is
associated with a meaningful increase in the risk of infection,
likely due to the occurrence of drug-induced neutropaenia.

In order to reduce the length of drug-induced neutropaenia, the
use of G-CSF may be considered in cases of delayed recovery of
absolute neutrophil counts.

Clinicians caring for patients receiving such therapy should be
aware of the increased risk of gastrointestinal perforation
(potentially resulting in secondary peritonitis and bacteraemia),
particularly in the presence of predisposing conditions such as
colorectal carcinoma, previous diverticulitis or local radio-
therapy, or recent surgical or endoscopic procedures.

No clear benefit is expected from the universal use of anti-
infective prophylaxis for patients receiving VEGF-targeted
agents, although an individualized infection risk assessment
seems advisable.

VEGF tyrosine-kinase receptor—targeted agents: sorafenib,
sunitinib, axitinib, pazopanib, regorafenib, vandetanib,
cabozantinib and ramucirumab

Mechanism of action, approved indications and off-label use
Various agents targeting vascular endothelial growth factor re-

ceptor (VEGFR)—or specifically its tyrosine kinase domain (as well
as those of other angiogenic signaling pathways)—have been

developed in an attempt to improve antitumour efficacy and
overcome resistance to VEGF blockade alone [48].

Sorafenib (Nexavar, Bayer), sunitinib (Sutent, Pfizer), axitinib
(Inlyta, Pfizer) and pazopanib (Votrient, Novartis Pharmaceuticals)
are small-molecule tyrosine kinase inhibitors that target the VEGF
pathway, either alone (axitinib) or in combination with a number of
other pathways such as PDGF, c-Kit, B-type Raf kinase (BRAF) or
fims-like tyrosine kinase-3 (FLT3) (the so-called multikinase in-
hibitors). Sorafenib was approved in 2007 as a first-line agent for
patients with advanced hepatocellular carcinoma (HCC) and rela-
tively preserved liver function [49]. Since then, further approved
indications include advanced RCC and progressive, locally advanced
or metastatic differentiated (papillary, follicular or Hiirthle cell)
thyroid carcinoma refractory to radioactive iodine. Sunitinib is
approved by the EMA for patients with advanced RCC, unresectable
and/or metastatic malignant gastrointestinal stromal tumour
(GIST) after failure of imatinib therapy, and with unresectable or
metastatic pancreatic neuroendocrine tumours [50]. Axitinib and
pazopanib are also approved for advanced RCC after failure of prior
treatment with sunitinib or IFN-a-2a [51,52]. In addition, pazopanib
can be used in patients with selected subtypes of advanced soft
tissue sarcoma who have received prior chemotherapy for meta-
static disease or whose disease has progressed within 12 months
after neoadjuvant therapy [53].

More recently, the EMA have approved regorafenib (Stivarga,
Bayer) for the treatment of HCC, GIST and metastatic colorectal
carcinoma in patients with progression to previous therapies
(including other VEGF/VEGFR-targeted agents such as sorafenib or
sunitinib) [54,55], and vandetanib (Caprelsa, AstraZeneca) and
cabozantinib (Cabometyx (tablets) or Cometriq (capsules), Ipsen
Pharma) for advanced RCC and unresectable or metastatic medul-
lary thyroid carcinoma [56,57]. These drugs have potent receptor
tyrosine kinase inhibitory activity targeted no only against VEGFR
but also against rearranged during transfection receptor and
angiopoietin 1 receptor.

All these small-molecule tyrosine kinase inhibitors are orally
administered at various doses.

Ramucirumab (Cyramza, Eli Lilly) is a fully humanized IgG1
monoclonal antibody that binds to the extracellular domain of
VEGFR2 with high affinity, thus blocking the binding of VEGF-A
(and other VEGF family members different than VEGF-B). This
agent has shown to significantly improve survival outcomes when
administered in association with paclitaxel for advanced gastric or
gastro-oesophageal junction cancer (or as a single agent for pa-
tients unable to receive taxane derivatives) [58], with FOLFIRI for
metastatic colorectal cancer after prior therapy with bevacizumab,
oxaliplatin and a fluoropyrimidine [59], and with docetaxel as
second-line therapy for NSCLC [60]. Ramucirumab is provided as an
iv infusion (8—10 mg/kg) every 2 to 3 weeks.

Expected impact on susceptibility to infection

As previously suggested for VEGF-targeted agents, the blockade
of VEGF signaling pathway through the inhibition of the tyrosine
kinase receptor activity seems to modulate T cell functionality
within the tumour microenvironment [61]. It is unlikely that such
effect exerts a negative impact on host immunity. In fact, in vivo
studies suggest just the opposite because sorafenib enhances local
natural killer (NK) cell, T cell, macrophage and dendritic cell re-
sponses in murine models of HCC [62,63]. Nevertheless, it is unclear
whether these immunomodulatory properties of tyrosine kinase
inhibitors may act in the same sense outside the tumour environ-
ment, as therapy with sunitinib and sorafenib has been found to
inhibit activation, proliferation and cytokine production in pe-
ripheral blood T cells [64,65]. In RCC patients, sunitinib induced
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significant decreases in total leukocyte and neutrophil counts, as
well as in certain peripheral blood lymphocyte subpopulations
(total CD3" and CD4" subsets). These parameters returned to
baseline levels when sunitinib was discontinued [66].

Available clinical data

In general terms, the safety profile of multitargeted tyrosine
kinase inhibitors appears to be worse than that of agents selectively
targeting the VEGF pathway. However, the most common adverse
events with sorafenib and sunitinib (the multikinase inhibitors
with the most long-term clinical experience) include hypertension,
diarrhoea, fatigue and skin rash, but not infectious events. Stoma-
titis and hand—foot syndrome are other toxicities frequently
observed [67]. Although the pooled incidence of all-grade neu-
tropaenia with sorafenib therapy was reported to reach 18.0% in a
meta-analysis with more than 3000 patients, high-grade events
were rare (5%), and its occurrence was not influenced by the receipt
of concomitant chemotherapy [68]. A significant risk of potentially
life-threatening liver injury has been identified with pazopanib
[69]. Likely as a result of its more selective action on the VEGFR
family, the incidence of cutaneous toxicity and neutropaenia seems
to be lower with axitinib than with sorafenib [70]. A meta-analysis
of fatal adverse events in RCC trials with sorafenib, sunitinib and
pazopanib published before 2011 identified only three episodes of
fatal sepsis among more than 4000 patients [71]. Recent RCTs
assessing the efficacy and safety of cabozantinib [72,73] or sor-
afenib [74] versus a mammalian target of rapamycin (mTOR) in-
hibitor for advanced RCC, or regorafenib versus placebo for HCC
after failure of sorafenib [75], have not revealed a significant risk of
infection. Hypertension, hand—foot syndrome and diarrhoea were
again the most frequent toxicities observed in patients with unre-
sectable or metastatic GIST receiving regorafenib [76]. Interestingly,
the decreased in CD3" and CD4" T cell counts observed in RCC
patients receiving sunitinib in the aforementioned study was not
associated with the occurrence of opportunistic infection [66].
Overall, these results suggest that the use of tyrosine kinase in-
hibitors, either multitargeted or selective for the VEGF pathway, are
not associated with a meaningful increase in the risk of infection.

In the pivotal phase 3 trial that demonstrated the survival
benefit of ramucirumab in combination with FOLFIRI for metastatic
colorectal carcinoma, the incidence of grade 3 or higher neu-
tropaenia was higher in the ramucirumab group than in the placebo
group (38.4% vs. 23.3%, respectively), although febrile episodes
were rare and were distributed between both arms [59]. About 15%
of patients receiving ramucirumab plus docetaxel in the pivotal
phase 3 RCT for advanced NSCLC experienced febrile neutropaenia,
although there were no fatal episodes [60]. Neutropaenia was also
the most common grade 3 or higher adverse event among patients
receiving ramucirumab (either alone or associated with paclitaxel)
in pivotal trials for advanced gastric or gastro-esophageal junction
adenocarcinoma [58,77]. In a phase 3 RCT comparing ramucirumab
plus docetaxel versus placebo plus docetaxel for locally advanced or
metastatic urothelial carcinoma, sepsis was the most common fatal
adverse event and occurred in 1.6% of patients allocated to the
ramucirumab arm compared to none within the placebo arm [78].
Finally, a meta-analysis of individual patient safety data from five
RCTs and about 5000 patients reported pooled incidences for
gastrointestinal perforation and wound-healing complications of
1.1% and 0.5%, respectively [79].

Conclusions and suggested prevention strategies

e In view of available data, therapy with VEGF tyrosine kinase
inhibitors does not increase the risk of infection. Therefore, no

benefit is expected from the use of anti-infective prophylaxis for
patients receiving such therapy.

o It is likely that the use of anti-VEGFR2 monoclonal antibodies
(ramucirumab) is associated with an increase in the risk of
infection similar to that observed for VEGF-targeted agents
(including the occurrence of drug-induced neutropaenia and
gastrointestinal perforation as contributing factors). However, it
should be noted that accumulated clinical experience is so far
more limited.

Epidermal growth factor receptor—targeted agents:
cetuximab and panitumumab

Mechanism of action, approved indications and off-label uses

The epidermal growth factor receptor (EGFR), also known as
ErbB1 or human epidermal growth factor receptor 1 (HER1), is a
transmembrane glycoprotein consisting of a cysteine-rich extra-
cellular ligand binding domain, a hydrophobic transmembrane
segment and a cytoplasmic domain with intrinsic tyrosine kinase
activity. By stimulating cell growth and differentiation after binding
of specific ligand, it plays a crucial role in many types of cancer.
EGFR is one of the four proteins in the ErbB (or HER) family of re-
ceptor tyrosine kinases, also including ErbB2/HER2, ErbB3/HER3
and ErbB4/HER4. These receptors homo- or heterodimerize upon
ligand binding, which is followed by the transautophosphorylation
of the dimer partner. Then the phosphorylated proteins initiate
intracellular signaling pathways. The Ras/MAPK and Ras/PI3K/Akt/
mTOR pathways are major signaling networks linked to EGFR
activation and to cell proliferation and survival [80].

Cetuximab (Erbitux, Merck) is a chimeric IgG1 monoclonal
antibody, and panitumumab (Vectibix, Amgen) is a fully human
IgG2 monoclonal antibody; both target EGFR (Fig. 2). These agents
are approved for patients with RAS wild-type metastatic colorectal
cancer, either in combination with chemotherapy as first- or
second-line treatment [81—85], or as single agents after failure of
oxaliplatin- and irinotecan-based regimens [86,87]. Cetuximab, in
combination with radiation, has also demonstrated to improve
locoregional control and overall survival in patients with locally
advanced head and neck squamous cell carcinoma (HNSCC) [88],
and to increase overall survival in combination with platinum and
fluorouracil chemotherapy as first-line therapy for recurrent or
metastatic HNSCC [89]. The currently approved dosing regimen for
cetuximab is an initial iv dose of 400 mg/m? body surface area,
followed by weekly doses of 250 mg/m?. Panitumumab is provided
in a dosage of 6 mg/kg every 2 weeks.

Expected impact on susceptibility to infection

Clinical research suggests that EGFR-targeted monoclonal anti-
bodies increase the risk of infection. Basic research suggests that
heparin-binding epidermal growth factor (EGF)-like growth factors
(HB-EGF) play an important role in regulating the proliferation of
hematopoietic maturing cells. The biologic effects of HB-EGF are
exerted through EGFR, as demonstrated after the blockade of its
activity by anti-EGFR monoclonal antibodies [90,91]. Thus, cetux-
imab and panitumumab might affect the proliferation of neutro-
phils and lead to neutropaenia [92]. EGF is also involved in tumour
necrosis factor a—induced respiratory burst and phagocytic activity
through the EGFR tyrosine kinase pathway [93].

Down-regulation of EGFR-dependent signaling in nontumour
tissues may also impair normal immune innate immunity function.
Toll-like receptors (TLRs) constitute an important class of sensors
that detect highly conserved microbial motifs (pathogen-associated
molecular patterns) and activate cellular responses, resulting in the
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Fig. 2. Structure and mode of action of ErbB/HER family members-targeted agents. Cetuximab and panitumumab are chimeric IgG1 and fully human IgG2 monoclonal antibodies,
respectively, both targeting EGFR/HER1 and blocking the binding of EGF to its receptor (which induces homo- or heterodimerization followed by transautophosphorylation and
initiation of the intracellular signaling pathway). Trastuzumab and pertuzumab are humanized monoclonal antibodies binding ErbB2/HER2 at different sites, impeding hetero-
dimerization with other ErbB family members (particularly ErbB3/HER3) and subsequent initiation of the signaling cascade. Small molecules inhibit the tyrosine kinase activity of
the intracellular receptor domain. Erlotinib and gefitinib are selective for EGFR/HER1, afatinib is a pan-ErbB tyrosine kinase inhibitor, lapatinib and neratinib are dual EGFR1/ErbB2
tyrosine kinase inhibitors and osimertinib is an EGFR tyrosine kinase inhibitor active in presence of the T790M EGFR resistance mutation. EGF, epidermal growth factor; EGFR,

epidermal growth factor receptor; HER, human epidermal growth factor receptor.

synthesis of antimicrobial molecules such as interferon. TLR-3
function has been found to depend on EGFR activation and Scr
binding [94]. Dysregulated EGFR function in normal respiratory
epithelium and dendritic cells may also contribute to the risk of
infection.

Most patients treated with EGFR-targeted agents experience
dermatologic toxicity, most notably in the forms of papulopustular
rash, xerosis and paronychia [95]. EGFR is instrumental in main-
taining epidermal homeostasis through regulation of keratinocyte
proliferation, differentiation, migration and survival. Therefore,
EGFR-targeted therapies (either by monoclonal antibodies or small-
molecule tyrosine kinase inhibitors) lead to strong dysregulation in
the keratinocyte cycle and strong inflammatory responses. Such
skin toxicity, which occurs in up to 75% of patients in a dose-
dependent fashion after 1 to 2 weeks of therapy, seems to be
associated with EGFR blockade itself, rather than off-target inhi-
bition of other signaling pathways. The eruption consists of folli-
culocentric pruritic papules that evolve into pustules with a
seborrheic distribution (head, neck, trunk and proximal upper ex-
tremities), occasionally coalescing to form lakes of pus [96]. The
occurrence of severe rash is more frequent with monoclonal anti-
bodies (10—17%) than with small-molecule tyrosine kinase in-
hibitors (5—9%). Microorganisms do not appear to contribute to the
pathogenesis of EGFR-targeted agent-induced rash in the earlier
phases, as the initial pustule is sterile [97]. Nevertheless, secondary
infection of the affected skin with bacteria, dermatophytes or vi-
ruses may follow [98].

Avadilable clinical data

Two meta-analyses have evaluated the risk of high-grade in-
fections (grade 3 or higher according to the Common Terminology
Criteria for Adverse Events, with febrile neutropaenia classified as
high-grade infection) associated with the use of cetuximab or

panitumumab [99,100]. Both included phase 2 and 3 RCTs pub-
lished before 2014. In these meta-analyses, treatment with anti-
EGFR monoclonal antibodies was associated with a higher inci-
dence of severe infection and neutropenic fever, with RRs of 1.34
(95% CI, 1.1-1.62) and 1.49 (95% CI, 1.1-1.62), respectively. Another
meta-analysis from 2011 that included data from more than 7100
subjects recruited across 14 RCTs reported an overall incidence of
severe neutropaenia among cetuximab-exposed patients of 33%,
although it reached 61% for those with NSCLC. The RR for
cetuximab-induced neutropaenia was 1.12 (95% CI, 1.05—1.19), with
higher risks observed for colorectal carcinoma and NSCLC [101].

Skin and soft tissue infections complicating papulopustular rash
induced by EGFR-targeted therapy have been reported in the
literature as case reports and retrospective case series. Of note,
some of them included complicated forms due to Staphylococcus
aureus, such as skin abscess infections requiring surgical manage-
ment [102—104] or bacteraemic infections [105,106]. Two meta-
analyses of RCTs and nonrandomized intervention studies evalu-
ating the efficacy of oral tetracyclines (doxycycline of minocycline)
for the prevention of papulopustular rash showed significant
benefit in terms of reduced incidence of moderate to severe forms
[107,108]. Topical corticosteroids and antibiotics (e.g. clindamycin)
have been also used as prophylaxis or treatment, although its ef-
ficacy has not been adequately evaluated. The use of systemic
antibiotic therapy is recommended in cases of severe rash or su-
perinfection [98].

Finally, a large meta-analysis based on 14 066 patients from 26
RCTs reported that the use of anti-EGFR monoclonal antibodies
significantly increased the risk for severe (RR, 1.34; 95% CI,
1.10—1.62) but not for fatal infections (RR, 1.62; 95% CI, 0.81—3.26).
Interestingly, such increased risk was limited to specific tumour
types (colorectal carcinoma, NSCLC and HNSCC) and to cases in
which cetuximab or panitumumab were used in conjunction with
cisplatin or irinotecan. Unfortunately, detailed data on specific
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infection types or causative microorganisms were lacking, as most
of these events were simply categorized as febrile neutropaenia,
pneumonia or sepsis [100].

Conclusions and suggested prevention strategies

e In view of available data, therapy with EGFR-targeted mono-
clonal antibodies is associated with a meaningful increase in the
risk of infection, mainly as a result of the occurrence of drug-
induced neutropaenia and secondary infection in cases of se-
vere papulopustular rash.

¢ In order to reduce the length of drug-induced neutropaenia, the

use of G-CSF may be considered in cases of delayed recovery of

absolute neutrophil counts.

No clear benefit is expected from the universal use of antiviral,

antifungal or anti-Pneumocystis prophylaxis for patients

receiving such therapy, although an individualized infection risk
assessment seems advisable.

Prevention of the development of papulopustular rash in pa-

tients receiving EGFR-targeted monoclonal antibodies should be

based on low-potency topical steroids (i.e. hydrocortisone 1%)

combined with moisturizer and sunscreen for the first 6 weeks

of therapy. On the basis of results coming from RCTs, the
administration of systemic antibiotics (doxycycline 100 mg
every 12 hours or minocycline 100 mg daily) for the first 6 to

8 weeks is also strongly recommend.

Human epidermal growth factor receptor 2 (ErbB2/HER2)-
targeted agents: trastuzumab and pertuzumab

Mechanism of action, approved indications and off-label uses

In contrast to other members of the ErbB family, ErbB2/HER2
has no known direct activating ligand. It exists as a monomer on the
cell surface and may be in a constitutively activated state or may
become active upon heterodimerization with other family mem-
bers such as Erb1/HER1 or ErbB3/HER3 (or even with members of
different families, such as insulin-like growth factor receptor 1)
[109]. ErbB2/HER2 induces cell proliferation through activation of
downstream signaling cascades (i.e. Ras/PI3K/Akt/mTOR or Ras/
MAPK pathways). In addition, ErbB2/HER2 dimerization promotes
the rapid degradation of certain cell-cycle inhibitor proteins,
leading to cell-cycle progression [110]. Overexpression of ErbB2/
HER2 is present in approximately 20% to 30% of invasive breast
tumours [111,112] and 7% to 34% of gastric cancers [113], and it
implies poorer prognosis and shorter disease-free and overall sur-
vival [109]. Similar to the EGFR/HER1 pathway, the blockade of
overexpressed ErbB2/HER2 signals may be based on monoclonal
antibodies targeting the ligand-binding extracellular domain or on
small molecules inhibiting the tyrosine kinase activity of the
intracellular region.

Trastuzumab (Herceptin, Roche) is a humanized IgG1 mono-
clonal antibody that binds the extracellular domain of ErbB2/HER2,
leading to decreased receptor heterodimerization, increased re-
ceptor degradation and (likely) immune activation [114]. When
administered as adjuvant therapy, trastuzumab has significantly
improved long-term outcomes in patients with HER2-positive early
or metastatic breast cancer, as well as in combination with neo-
adjuvant chemotherapy for locally advanced disease [115]. Trastu-
zumab is also EMA approved in combination with a
fluoropyrimidine-based regimen as fist-line therapy for HER2-
positive metastatic gastric or gastro-oesophageal junction adeno-
carcinoma. The recommended dose is 6 mg/kg at once every three
weeks. Trastuzumab emtansine (Kadcyla, Roche), an
antibody—drug conjugate that results from the covalent linking of

trastuzumab to the microtubule inhibitor DM1 (a maytansine de-
rivative), has recently been approved. Upon binding to ErbB2/HER2,
trastuzumab emtansine undergoes receptor-mediated internaliza-
tion and subsequent lysosomal degradation, leading to the intra-
cellular release of DM1-containing cytotoxic catabolites.

Pertuzumab (Perjeta, Roche) is a humanized monoclonal anti-
body targeted at a different epitope of the extracellular domain of
Erb2/HER2 than trastuzumab (subdomain II instead of subdomain
iv) that also prevents heterodimerization with other HER members
(in particular with ErbB3/HER3, which results in the most potent
activating heterodimer of the Ras/PI3K/Akt/mTOR pathway)
(Fig. 2). The combination of pertuzumab and trastuzumab provides
more effective dual inhibition of ErbB2/HER2 [116] and better
clinical outcomes [117] than either agent alone. Therefore, pertu-
zumab has been approved by the EMA in combination with tras-
tuzumab and docetaxel for HER2-positive metastatic or
unresectable breast cancer, and as neoadjuvant treatment for
locally advanced, inflammatory or early stage breast cancer at high
risk of recurrence.

Expected impact on susceptibility to infection

It is currently unclear how monoclonal antibodies targeting
ErbB2/HER2 modulate the immune system, although in vitro
studies suggest that such therapy may in fact activate both innate
and adaptive responses, particularly those mediated by NK cells
[118—120]. In addition, since the FDA granted approval for trastu-
zumab in 2006, long-term accumulated clinical experience does
not indicate that these targeted agents increase the risk of infec-
tious complications.

Avadilable clinical data

A 2015 meta-analysis of 10 094 patients from 13 RCTs showed
that treatment with trastuzumab carried a modest but statistically
significant increase in the risk of high-grade infection (RR, 1.2; 95%
Cl,1.07—1.37) and febrile neutropaenia (RR, 1.28; 95% CI, 1.08—1.52).
However, such association was mainly driven by studies in which
trastuzumab was used in combination with conventional chemo-
therapy and not as single agent. In addition, the incidence of high-
grade neutropaenia was not significantly higher with trastuzumab
than with the comparator. The authors concluded that the under-
lying mechanism remains unclear [121]. A recent study demon-
strated that patients with chronic hepatitis B virus or hepatitis C
virus infection receiving trastuzumab and chemotherapy had no
higher incidence of liver toxicity than the control group. In addi-
tion, no patients developed hepatitis B virus or hepatitis C virus
reactivation [122].

Conclusions and suggested prevention strategies

e In view of available data, therapy with ErbB2/HER2-targeted
monoclonal antibodies might be associated with a minor in-
crease in the risk of infection, although the biologic rationale
and clinical evidence supporting this association are poor.

o No benefit is expected from the use of anti-infective prophylaxis
for patients receiving such therapy.

ErbB receptor tyrosine kinase—targeted agents: erlotinib,
gefitinib, afatinib, osimertinib, lapatinib and neratinib

Mechanism of action, approved indications and off-label uses

The mechanisms by which the EGFR signaling pathway becomes
oncogenic are numerous and are often specific for each type of
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cancer. In NSCLC, mutations in the intracellular tyrosine kinase
domain of EGFR enhance ligand-inducing autophosphorylation and
confer increased sensitivity to specific tyrosine kinase inhibitors
[123—126]. The discovery of these activating mutations in the
tyrosine kinase domain of the EGFR gene has represented a major
step forward in the design of personalized therapeutic approaches
in patients with NSCLC. The most common oncogenic mutations are
deletions in exon 19 (present in 45—50% of cases) and a point
mutation (L858R) in exon 21 (35—45% of cases). The estimated
frequency of EGFR mutations is approximately 15% and is more
prevalent in certain subgroups, such as women, patients with an
Asian background, never-smokers and those with adenocarcinoma
histology [127].

First-generation EGFR tyrosine kinase inhibitors include gefiti-
nib (Iressa, AstraZeneca) [128—130] and erlotinib (Tarceva, Roche)
[131,132]. Both agents act by reversible (noncovalent) binding to
the tyrosine kinase domain of EGFR. As an irreversible pan-ErbB
inhibitor, afatinib (Giotrif, Boehringer Ingelheim) [133,134] is a
second-generation tyrosine kinase inhibitor that binds to all
members of the ErbB family (including ErbB2/HER2) (Fig. 2). These
three agents have been shown to confer remarkable improvements
in response rates and progression-free survival compared to con-
ventional chemotherapy across several RCTs. Thus, gefitinib, erlo-
tinib and afatinib have been approved by the FDA and EMA as first-
line therapies for the treatment of patients with advanced NSCLC
harbouring EGFR-sensitizing mutations. Both agencies have
approved the use of afatinib for patients with metastatic squamous
NSCLC who have experienced disease progression despite treat-
ment with a platinum-based chemotherapy [135]. Erlotinib is also
approved for the treatment of patients with locally advanced or
metastatic NSCLC after failure of at least one prior chemotherapy
regimen [136]. Finally, erlotinib has also been EMA approved in
combination with gemcitabine for the treatment of metastatic
pancreatic cancer [137].

Unfortunately, the acquisition of resistance mutations in the
EGFR gene to first- and second-generation tyrosine kinase in-
hibitors is a common phenomenon, prompting the development of
more potent targeted agents [138]. The EGFR T790M mutation has
been identified as the most common acquired resistance mecha-
nism [139]. This newer generation of tyrosine kinase inhibitors
includes lapatinib (Tyverb, Novartis Pharmaceuticals) [140], ner-
atinib (Nerlynx, Puma Biotechnology) [141] and osimertinib
(Tagrisso, AstraZeneca) (Fig. 2). Lapatinib is a selective dual-EGFR/
ErbB2 reversible inhibitor that has been approved, in combina-
tion with capecitabine, trastuzumab or an aromatase inhibitor, for
advanced HER2-positive breast cancer. Neratinib is a dual EGFR/
ErbB2 irreversible inhibitor that has received FDA approval for the
treatment of early-stage HER2-positive breast cancer after receipt
of adjuvant trastuzumab-based therapy. Finally, osimertinib is a
potent, irreversible third-generation EGFR tyrosine kinase inhibitor
active for both sensitising and T790M EGFR resistance mutations.
Osimertinib shows central nervous system penetration, with cases
reported of sustained tumour regression in brain metastases. The
FDA and EMA have approved its use for patients with locally
advanced or metastatic NSCLC harbouring the T790M mutation.

Expected impact on infection risk

ErbB receptor tyrosine kinase inhibitors exhibit an acceptable
safety profile, with most adverse events consisting of rash, diar-
rhoea, hepatotoxicity and, less frequently, interstitial lung disease
and pneumonitis [142—144]. The occurrence of infection during
therapy seems to be rare because the EGFR pathway is not directly
involved in the regulation of immune system. Nevertheless, some
evidence suggests that the EGFR pathway is responsible for specific

protective responses in the airway epithelium, leading to mucin
production and secretion (for mucociliary clearance of invading
organisms), neutrophil recruitment (via interleukin 8, a potent
neutrophil chemotactic chemokine) and epithelial wound healing.
In theory, such findings might translate into a higher rate of res-
piratory tract infections among patients receiving EGFR tyrosine
kinase inhibitors due to an impairment in the airway innate im-
munity [145].

Available clinical data

In the pivotal phase 3 trial for first-line therapy in patients with
NSCLC associated with activating EGFR mutations, the rate of grade
3/4 neutropaenia was 0 in the erlotinib group, compared to 22% in
the chemotherapy-based therapy group, whereas the occurrence of
pneumonitis was similar across both arms [131]. In a second phase
3 RCT comparing erlotinib to conventional chemotherapy in pa-
tients of Asian background with EGFR-mutated advanced NSCLC,
the overall rates of infection were 17% and 10% in the erlotinib and
in the gemcitabine plus carboplatin arms, respectively, although
the incidence of serious (grade 3/4) infection was considerably
lower (1% for erlotinib and O for conventional chemotherapy). As
expected, the decrease in the absolute neutrophil count was
significantly more frequent among patients receiving chemo-
therapy than those treated with erlotinib (with rates of grade 3/4
neutropaenia of 42% vs. 0, respectively) [132]. In a pivotal RCT
comparing erlotinib versus placebo as second- or third-line therapy
for advanced NSCLC, infection was reported in 24% (4% for grade 3
or higher events) of patients receiving erlotinib compared to 15%
(2% for grade 3 or higher events) of those receiving placebo. Epi-
sodes of serious infections, with or without neutropaenia, included
pneumonia, sepsis and cellulitis. In this study, conjunctivitis was
reported in 12% of patients receiving erlotinib compared to 2% of
patients allocated to the placebo arm [136].

Gefitinib has been extensively evaluated in an elevated number
of phase 3 trials, mostly comparing this agent with conventional
chemotherapy in EGFR-mutated NSCLC. The pivotal IPASS trial,
conducted in previously untreated Asian patients, confirmed the
progression-free survival benefit of EGFR tyrosine kinase inhibitors
compared to conventional chemotherapy, changing the existing
paradigm of first-line therapy in advanced EGFR-mutated NSCLC.
The rates of neutropaenia of grade 3 or higher were 3.7% in the
gefitinib arm versus 67.1% in the chemotherapy arm [128]. In a
meta-analysis of four RCTs including approximately 2000 patients
with NSCLC, participants receiving conventional chemotherapy as
first-line therapy experienced significantly higher rates of myelo-
suppression than those receiving gefitinib. As example, the occur-
rence of all-grade and grade 3 or higher neutropaenia was much
less common in the gefitinib arms (7% vs. 84% and 3% vs. 69%,
respectively). Across different studies, the odds ratio for grade 3 or
higher neutropaenia for gefitinib (vs. chemotherapy) was 0.01. On
the other hand, rash and diarrhoea were more common among
gefitinib-treated patients. Although almost 70% of patients in the
gefitinib arms experienced any-grade rash, the incidence of severe
forms was much lower (3%) [146].

As an irreversible pan-ErbB blocker, afatinib is supposed to exert
the most potent inhibitory activity and to pose a higher rate of
adverse events. However, similar rates of infection (compared to
placebo) have been reported for afatinib than for other EGFR
tyrosine kinase inhibitors, suggesting that even a potent inhibition
of EGFR/HERT1 or ErbB2/HER2 does not increase infection suscep-
tibility. Afatinib has a well-defined safety profile, with rash or acne,
diarrhoea, paronychia and stomatitis or mucositis as the most
common attributable adverse events. In the two pivotal phase 3
RCTs comparing afatinib versus conventional chemotherapy based
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on platinum plus pemetrexed [133] or gemcitabine plus cisplatin
[134], neutropaenia and leucopenia were the most common
chemotherapy-related adverse events. In the LUX-Lung 3 trial, the
rates of all-grade and severe neutropaenia were 0.9% and 0.4% for
afatinib compared to 31.5% and 18% for chemotherapy arm. There
were three cases (1%) of interstitial lung disease among patients
allocated to the afatinib arm, and four deaths in this group were
deemed to be potentially treatment related by the investigator (two
respiratory decompensations, one sepsis and one unknown).
Cystitis was reported in 13% of patients receiving afatinib compared
to 5% of those receiving chemotherapy [133]. In a phase 2b RCT
comparing afatinib versus gefitinib, the frequency and severity of
all-cause adverse events were similar across both study groups. Of
note, 2 afatinib-related deaths were due to infectious complications
(pneumonia), whereas one patient in the gefitinib group died of
lung infection. The rate of grade 1/2 neutropaenia for both arms
was 1%, and grade 3 cutaneous bacterial infection was observed in
1% of patients receiving afatinib [147].

In a phase 2 trial with osimertinib for relapsed NSCLC har-
bouring the T790M EGFR mutation receiving osimertinib, the most
commonly observed treatment-related toxicities consisted of
diarrhoea, rash, paronychia and dry skin. No infections were
described, and just one patient required drug discontinuation due
to the decrease in neutrophil count [148]. A phase 3 RCT comparing
osimertinib versus conventional chemotherapy reported rates of
all-grade neutropaenia of 8% and 23%, respectively. In addition, 10%
of patients treated with osimertinib experienced nasopharyngitis
compared to 5% of those receiving chemotherapy [149].

Taken together, data emerging from these pivotal RCTs suggest
that the inhibition of the tyrosine kinase receptor activity linked to
the ErbB family seems to be safe in terms of infectious complica-
tions and not to imply a clinically relevant impact on the host's
immune response. The majority of adverse events described were
limited to the development of rash, diarrhoea, mucositis and
paronychia. Low rates of severe neutropaenia or infection (such as
pneumonia or cutaneous infection) have been described.

Conclusions and suggested prevention strategies

e In view of available data, therapy with ErbB receptor tyrosine
kinase inhibitors (including either selective EGFR/HER1 and/or
ErbB2/HER2 inhibitors or pan-ErbB inhibitors) is not associated
with a significant increase in the risk of infection, likely due to
the lower occurrence of drug-induced neutropaenia compared
to conventional chemotherapy.

e No benefit is expected from the use of anti-infective prophylaxis
for patients receiving such therapy.

Transparency declaration

Supported in part by Plan Nacional de [+D+I 2013—2016 and
Instituto de Salud Carlos III, Subdirecciéon General de Redes y Cen-
tros de Investigacién Cooperativa, Spanish Ministry of Economy and
Competitiveness, Spanish Network for Research in Infectious Dis-
eases (REIPI RD16/0016/0002), cofinanced by the European
Development Regional Fund (EDRF) ‘A way to achieve Europe.” MFR
holds clinical research contract ‘Juan Rodés’ (JR14/00036) from the
Instituto de Salud Carlos IIl, Spanish Ministry of Economy and
Competitiveness. All authors report no conflicts of interest relevant
to this article.

References

[1] Ferndandez-Ruiz M, Meije Y, Manuel O, Akan H, Carratala J, Aguado JM, et al.
ESCMID Study Group for Infections in Compromised Hosts (ESGICH)

2

3

[4

[5

(6

[7

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

consensus document on the safety of targeted and biological therapies: an
infectious diseases perspective—introduction. Clin Microbiol Infect 2018.
This issue.

Hicklin DJ, Ellis LM. Role of the vascular endothelial growth factor pathway in
tumor growth and angiogenesis. ] Clin Oncol 2005;23:1011-27.

Lohela M, Bry M, Tammela T, Alitalo K. VEGFs and receptors involved in
angiogenesis versus lymphangiogenesis. Curr Opin Cell Biol 2009;21:
154—65.

Zhan P, Wang ], Lv X], Wang Q, Qiu LX, Lin XQ, et al. Prognostic value of
vascular endothelial growth factor expression in patients with lung
cancer: a systematic review with meta-analysis. ] Thorac Oncol 2009;4:
1094—-103.

Yoshiji H, Gomez DE, Shibuya M, Thorgeirsson UP. Expression of vascular
endothelial growth factor, its receptor, and other angiogenic factors in hu-
man breast cancer. Cancer Res 1996;56:2013—6.

Fan F, Wey JS, McCarty MF, Belcheva A, Liu W, Bauer TW, et al. Expression
and function of vascular endothelial growth factor receptor-1 on human
colorectal cancer cells. Oncogene 2005;24:2647—53.

Tomisawa M, Tokunaga T, Oshika Y, Tsuchida T, Fukushima Y, Sato H, et al.
Expression pattern of vascular endothelial growth factor isoform is closely
correlated with tumour stage and vascularisation in renal cell carcinoma. Eur
] Cancer 1999;35:133—-7.

Duncan TJ, Al-Attar A, Rolland P, Scott 1V, Deen S, Liu DT, et al. Vascular
endothelial growth factor expression in ovarian cancer: a model for targeted
use of novel therapies? Clin Cancer Res 2008;14:3030—5.

Fontanini G, Lucchi M, Vignati S, Mussi A, Ciardiello F, De Laurentiis M, et al.
Angiogenesis as a prognostic indicator of survival in non—small-cell lung
carcinoma: a prospective study. ] Natl Cancer Inst 1997;89:881—6.

Hasan J, Byers R, Jayson GC. Intra-tumoural microvessel density in human
solid tumours. Br ] Cancer 2002;86:1566—77.

Ferrara N, Hillan K], Gerber HP, Novotny W. Discovery and development of
bevacizumab, an anti-VEGF antibody for treating cancer. Nat Rev Drug Dis-
cov 2004;3:391—400.

Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W,
et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for meta-
static colorectal cancer. N Engl ] Med 2004;350:2335—42.

Giantonio BJ, Catalano PJ], Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR,
et al. Bevacizumab in combination with oxaliplatin, fluorouracil, and leuco-
vorin (FOLFOX4) for previously treated metastatic colorectal cancer: results
from the Eastern Cooperative Oncology Group Study E3200. ] Clin Oncol
2007;25:1539—44.

Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong R, et al.
Bevacizumab in combination with oxaliplatin-based chemotherapy as first-
line therapy in metastatic colorectal cancer: a randomized phase III study.
] Clin Oncol 2008;26:2013—9.

Miller K, Wang M, Gralow J, Dickler M, Cobleigh M, Perez EA, et al. Paclitaxel
plus bevacizumab versus paclitaxel alone for metastatic breast cancer. N Engl
] Med 2007;357:2666—76.

Robert NJ, Dieras V, Glaspy ], Brufsky AM, Bondarenko I, Lipatov ON, et al.
RIBBON-1: randomized, double-blind, placebo-controlled, phase III trial of
chemotherapy with or without bevacizumab for first-line treatment of hu-
man epidermal growth factor receptor 2-negative, locally recurrent or
metastatic breast cancer. ] Clin Oncol 2011;29:1252—60.

Sandler A, Gray R, Perry MC, Brahmer ], Schiller JH, Dowlati A, et al. Pacli-
taxel—carboplatin alone or with bevacizumab for non—small-cell lung can-
cer. N Engl ] Med 2006;355:2542—50.

Reck M, von Pawel ], Zatloukal P, Ramlau R, Gorbounova V, Hirsh V, et al.
Overall survival with cisplatin—gemcitabine and bevacizumab or placebo as
first-line therapy for nonsquamous non—small-cell lung cancer: results from
a randomised phase III trial (AVAIL). Ann Oncol 2010;21:1804-9.

Seto T, Kato T, Nishio M, Goto K, Atagi S, Hosomi Y, et al. Erlotinib alone or
with bevacizumab as first-line therapy in patients with advanced non-
squamous non—small-cell lung cancer harbouring EGFR mutations
(JO25567): an open-label, randomised, multicentre, phase 2 study. Lancet
Oncol 2014;15:1236—44.

Escudier B, Pluzanska A, Koralewski P, Ravaud A, Bracarda S, Szczylik C, et al.
Bevacizumab plus interferon alfa-2a for treatment of metastatic renal cell
carcinoma: a randomised, double-blind phase III trial. Lancet 2007;370:
2103—-11.

Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ, Huang H, et al.
Incorporation of bevacizumab in the primary treatment of ovarian cancer.
N Engl ] Med 2011;365:2473—83.

Perren TJ, Swart AM, Pfisterer ], Ledermann JA, Pujade-Lauraine E,
Kristensen G, et al. A phase 3 trial of bevacizumab in ovarian cancer. N Engl ]
Med 2011;365:2484—-96.

Pujade-Lauraine E, Hilpert F, Weber B, Reuss A, Poveda A, Kristensen G, et al.
Bevacizumab combined with chemotherapy for platinum-resistant recurrent
ovarian cancer: the AURELIA open-label randomized phase III trial. J Clin
Oncol 2014;32:1302-8.

Tewari KS, Sill MW, Long 3rd HJ, Penson RT, Huang H, Ramondetta LM, et al.
Improved survival with bevacizumab in advanced cervical cancer. N Engl ]
Med 2014;370:734—43.

Holash ], Davis S, Papadopoulos N, Croll SD, Ho L, Russell M, et al. VEGF-Trap:
a VEGF blocker with potent antitumor effects. Proc Natl Acad Sci U S A
2002;99:11393-8.

Please cite this article in press as: Aguilar-Company ], et al., ESCMID Study Group for Infections in Compromised Hosts (ESGICH) consensus
document on the safety of targeted and biologic therapies: an infectious diseases perspective—cell surface receptors and associated
signaling pathways, Clinical Microbiology and Infection (2018), https://doi.org/10.1016/j.cmi.2017.12.027



http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref1
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref2
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref2
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref2
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref3
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref3
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref3
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref3
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref4
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref4
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref4
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref4
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref4
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref5
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref5
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref5
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref5
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref6
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref6
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref6
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref6
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref7
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref7
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref7
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref7
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref7
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref8
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref8
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref8
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref8
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref9
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref9
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref9
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref9
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref9
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref10
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref10
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref10
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref11
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref11
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref11
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref11
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref12
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref12
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref12
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref12
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref13
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref14
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref14
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref14
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref14
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref14
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref15
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref15
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref15
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref15
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref16
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref17
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref18
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref19
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref20
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref20
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref20
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref20
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref20
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref21
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref21
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref21
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref21
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref22
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref22
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref22
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref22
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref23
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref23
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref23
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref23
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref23
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref24
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref24
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref24
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref24
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref25
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref25
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref25
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref25

10

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

[34]

(35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44

[45]

[46]

[47]

[48]
[49]

[50]

[51]
[52]

(53]

J. Aguilar-Company et al. / Clinical Microbiology and Infection xxx (2018) 1—12

Van Cutsem E, Tabernero ], Lakomy R, Prenen H, Prausova J, Macarulla T,
et al. Addition of aflibercept to fluorouracil, leucovorin, and irinotecan im-
proves survival in a phase Ill randomized trial in patients with metastatic
colorectal cancer previously treated with an oxaliplatin-based regimen. ] Clin
Oncol 2012;30:3499—-506.

Novitskiy SV, Csiki I, Huang Y, Johnson DH, Harth EM, Carbone DP, et al.
Anti—vascular endothelial growth factor treatment in combination with
chemotherapy delays hematopoietic recovery due to decreased proliferation
of bone marrow hematopoietic progenitor cells. ] Thorac Oncol 2010;5:
1410-5.

Kaur S, Chang T, Singh SP, Lim L, Mannan P, Garfield SH, et al. CD47 signaling
regulates the immunosuppressive activity of VEGF in T cells. ] Immunol
2014;193:3914-24.

Hapani S, Chu D, Wu S. Risk of gastrointestinal perforation in patients with
cancer treated with bevacizumab: a meta-analysis. Lancet Oncol 2009;10:
559—68.

Qi WX, Shen F, Qing Z, Xiao-Mao G. Risk of gastrointestinal perforation in
cancer patients treated with aflibercept: a systematic review and meta-
analysis. Tumour Biol 2014;35:10715—22.

Arora N, Gupta A, Singh PP. Biological agents in gastrointestinal cancers:
adverse effects and their management. ] Gastrointest Oncol 2017;8:
485—98.

Gordon CR, Rojavin Y, Patel M, Zins JE, Grana G, Kann B, et al. A review on
bevacizumab and surgical wound healing: an important warning to all
surgeons. Ann Plast Surg 2009;62:707—9.

Zhang H, Huang Z, Zou X, Liu T. Bevacizumab and wound-healing compli-
cations: a systematic review and meta-analysis of randomized controlled
trials. Oncotarget 2016;7:82473—81.

Schutz FA, Jardim DL, Je Y, Choueiri TK. Haematologic toxicities associated
with the addition of bevacizumab in cancer patients. Eur J Cancer 2011;47:
1161-74.

Qi WX, Fu S, Zhang Q, Guo XM. Bevacizumab increases the risk of infections
in cancer patients: a systematic review and pooled analysis of 41 random-
ized controlled trials. Crit Rev Oncol Hematol 2015;94:323—36.

Lieuw-a-Fa M, Peringa ], Leeksma O, Terpstra W. Sepsis from liver abscesses
in metastatic colorectal carcinoma after chemoimmunotherapy. ] Clin Oncol
2008;26:1381-2.

Liu P. Campylobacteremia in stage IV gliosarcoma with bevacizumab treat-
ment. ] Community Hosp Intern Med Perspect 2012;2.

Fujiwara Y, Lee S, Kishida S, Hashiba R, Gyobu K, Osugi H. Pneumocystis
pneumonia during adjuvant chemotherapy for advanced colon cancer—a
case report. Gan To Kagaku Ryoho 2015;42:1423—5.

Reinbolt RE, Alam S, Layman R, Shapiro C, Lustberg M. Pneumocystis jiroveci
pneumonia in an atypical host. Clin Breast Cancer 2012;12:138—41.

Ugai T, Norizuki M, Mikawa T, Ohji G, Yaegashi M. Necrotizing fasciitis
caused by Haemophilus influenzae type b in a patient with rectal cancer
treated with combined bevacizumab and chemotherapy: a case report. BMC
Infect Dis 2014;14:198.

Grenader T, Goldberg A, Verstandig A, Shavit L. Indwelling central venous
access port insertion during bevacizumab-based therapy. Anticancer Drugs
2010;21:704-7.

Berardi R, Rinaldi S, Santini D, Vincenzi B, Giampieri R, Maccaroni E, et al.
Increased rates of local complication of central venous catheters in the tar-
geted anticancer therapy era: a 2-year retrospective analysis. Support Care
Cancer 2015;23:1295—-302.

Ramlau R, Gorbunova V, Ciuleanu TE, Novello S, Ozguroglu M, Goksel T, et al.
Aflibercept and docetaxel versus docetaxel alone after platinum failure in
patients with advanced or metastatic non—small-cell lung cancer: a ran-
domized, controlled phase III trial. ] Clin Oncol 2012;30:3640—7.

Zhang X, Ran Y, Shao Y, Wang K, Zhu Y. Incidence and risk of severe in-
fections associated with aflibercept in cancer patients: a systematic review
and meta-analysis. Br J Clin Pharmacol 2016;81:33—40.

De Ceulaer ], Tacconelli E, Vandecasteele S]. Actinomyces osteomyelitis in
bisphosphonate-related osteonecrosis of the jaw (BRON]J): the missing link?
Eur ] Clin Microbiol Infect Dis 2014;33:1873—80.

Guarneri V, Miles D, Robert N, Dieras V, Glaspy ], Smith I, et al. Bevacizumab
and osteonecrosis of the jaw: incidence and association with bisphosphonate
therapy in three large prospective trials in advanced breast cancer. Breast
Cancer Res Treat 2010;122:181-8.

Mawardi H, Enzinger P, McCleary N, Manon R, Villa A, Treister N, et al.
Osteonecrosis of the jaw associated with ziv-aflibercept. ] Gastrointest Oncol
2016;7:E81-7.

Zhao Y, Adjei AA. Targeting angiogenesis in cancer therapy: moving beyond
vascular endothelial growth factor. Oncologist 2015;20:660—73.

Ziogas IA, Tsoulfas G. Evolving role of Sorafenib in the management of he-
patocellular carcinoma. World ] Clin Oncol 2017;8:203—13.

Motzer R], Hoosen S, Bello CL, Christensen ]JG. Sunitinib malate for the
treatment of solid tumours: a review of current clinical data. Expert Opin
Investig Drugs 2006;15:553—61.

Keating GM. Axitinib: a review in advanced renal cell carcinoma. Drugs
2015;75:1903—13.

Frampton JE. Pazopanib: a review in advanced renal cell carcinoma. Target
Oncol 2017;12:543—54.

Nishida T, Doi T. Pazopanib for both GIST and soft-tissue sarcoma. Lancet
Oncol 2016;17:549—50.

[54]
(551
[56]
(571

(58]

[59]

[60]

[61]

[62]

(63]

(64]

[65]

(66]

[67]

(68]

(69]

(70]

[71]

[72]

(73]

(74]

[75]

[76]

(771

(78]

Shirley M, Keating GM. Regorafenib: a review of its use in patients with
advanced gastrointestinal stromal tumours. Drugs 2015;75:1009—17.
Thillai K, Srikandarajah K, Ross P. Regorafenib as treatment for patients with
advanced hepatocellular cancer. Future Oncol 2017;13:2223—-32.

Abdelaziz A, Vaishampayan U. Cabozantinib for the treatment of kidney
cancer. Expert Rev Anticancer Ther 2017;17:577—84.

Karras S, Anagnostis P, Krassas GE. Vandetanib for the treatment of thyroid
cancer: an update. Expert Opin Drug Metab Toxicol 2014;10:469—81.
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, et al. Ramu-
cirumab plus paclitaxel versus placebo plus paclitaxel in patients with pre-
viously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial.
Lancet Oncol 2014;15:1224—35.

Tabernero J, Yoshino T, Cohn AL, Obermannova R, Bodoky G, Garcia-
Carbonero R, et al. Ramucirumab versus placebo in combination with
second-line FOLFIRI in patients with metastatic colorectal carcinoma that
progressed during or after first-line therapy with bevacizumab, oxaliplatin,
and a fluoropyrimidine (RAISE): a randomised, double-blind, multicentre,
phase 3 study. Lancet Oncol 2015;16:499—508.

Garon EB, Ciuleanu TE, Arrieta O, Prabhash K, Syrigos KN, Goksel T, et al.
Ramucirumab plus docetaxel versus placebo plus docetaxel for second-line
treatment of stage IV non—small-cell lung cancer after disease progression
on platinum-based therapy (REVEL): a multicentre, double-blind, rando-
mised phase 3 trial. Lancet 2014;384:665—73.

Santoni M, Berardi R, Amantini C, Burattini L, Santini D, Santoni G, et al. Role
of natural and adaptive immunity in renal cell carcinoma response to VEGFR-
TKIs and mTOR inhibitor. Int ] Cancer 2014;134:2772—7.

Wang Y, Li H, Liang Q, Liu B, Mei X, Ma Y. Combinatorial immunotherapy of
sorafenib and blockade of programmed death-ligand 1 induces effective
natural Killer cell responses against hepatocellular carcinoma. Tumour Biol
2015;36:1561—6.

Ho V, Lim TS, Lee ], Steinberg ], Szmyd R, Tham M, et al. TLR3 agonist and
sorafenib combinatorial therapy promotes immune activation and controls
hepatocellular carcinoma progression. Oncotarget 2015;6:27252—66.

Gu Y, Zhao W, Meng F, Qu B, Zhu X, Sun Y, et al. Sunitinib impairs the
proliferation and function of human peripheral T cell and prevents T-
cell-mediated immune response in mice. Clin Immunol 2010;135:55—62.
Zhao W, Gu YH, Song R, Qu BQ, Xu Q. Sorafenib inhibits activation of human
peripheral blood T cells by targeting LCK phosphorylation. Leukemia
2008;22:1226—33.

Powles T, Chowdhury S, Bower M, Saunders N, Lim L, Shamash J, et al. The
effect of sunitinib on immune subsets in metastatic clear cell renal cancer.
Urol Int 2011;86:53—9.

Randrup Hansen C, Grimm D, Bauer J, Wehland M, Magnusson NE. Effects
and side effects of using sorafenib and sunitinib in the treatment of meta-
static renal cell carcinoma. Int ] Mol Sci 2017;18.

Schutz FA, Je Y, Choueiri TK. Hematologic toxicities in cancer patients treated
with the multi-tyrosine kinase sorafenib: a meta-analysis of clinical trials.
Crit Rev Oncol Hematol 2011;80:291—300.

Shantakumar S, Nordstrom BL, Djousse L, Hall SA, Gagnon DR, Fraeman KH,
et al. Occurrence of hepatotoxicity with pazopanib and other anti-VEGF
treatments for renal cell carcinoma: an observational study utilizing a
distributed database network. Cancer Chemother Pharmacol 2016;78:
559—-66.

Gunnarsson O, Pfanzelter NR, Cohen RB, Keefe SM. Evaluating the safety and
efficacy of axitinib in the treatment of advanced renal cell carcinoma. Cancer
Manag Res 2015;7:65—73.

Schutz FA, Je Y, Richards (], Choueiri TK. Meta-analysis of randomized
controlled trials for the incidence and risk of treatment-related mortality in
patients with cancer treated with vascular endothelial growth factor tyrosine
kinase inhibitors. J Clin Oncol 2012;30:871—7.

Choueiri TK, Escudier B, Powles T, Mainwaring PN, Rini BI, Donskov F, et al.
Cabozantinib versus everolimus in advanced renal-cell carcinoma. N Engl ]
Med 2015;373:1814-23.

Choueiri TK, Escudier B, Powles T, Tannir NM, Mainwaring PN, Rini BI, et al.
Cabozantinib versus everolimus in advanced renal cell carcinoma (METEOR):
final results from a randomised, open-label, phase 3 trial. Lancet Oncol
2016;17:917-27.

Hutson TE, Escudier B, Esteban E, Bjarnason GA, Lim HY, Pittman KB, et al.
Randomized phase III trial of temsirolimus versus sorafenib as second-line
therapy after sunitinib in patients with metastatic renal cell carcinoma.
J Clin Oncol 2014;32:760—7.

Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, et al. Regorafenib for
patients with hepatocellular carcinoma who progressed on sorafenib treat-
ment (RESORCE): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet 2017;389:56—66.

Rutkowski P, Stepniak ]. The safety of regorafenib for the treatment of
gastrointestinal stromal tumors. Expert Opin Drug Saf 2016;15:105—16.
Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R, Goswami C, et al.
Ramucirumab monotherapy for previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (REGARD): an international,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 2014;383:
31-9.

Petrylak DP, de Wit R, Chi KN, Drakaki A, Sternberg CN, Nishiyama H, et al.
Ramucirumab plus docetaxel versus placebo plus docetaxel in patients with

Please cite this article in press as: Aguilar-Company ], et al., ESCMID Study Group for Infections in Compromised Hosts (ESGICH) consensus
document on the safety of targeted and biologic therapies: an infectious diseases perspective—cell surface receptors and associated
signaling pathways, Clinical Microbiology and Infection (2018), https://doi.org/10.1016/j.cmi.2017.12.027



http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref26
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref27
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref28
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref28
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref28
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref28
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref29
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref29
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref29
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref29
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref30
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref30
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref30
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref30
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref31
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref31
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref31
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref31
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref32
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref32
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref32
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref32
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref33
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref33
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref33
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref33
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref34
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref34
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref34
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref34
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref35
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref35
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref35
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref35
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref36
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref36
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref36
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref36
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref37
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref37
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref38
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref38
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref38
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref38
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref38
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref39
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref39
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref39
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref40
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref40
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref40
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref40
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref41
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref41
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref41
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref41
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref42
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref42
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref42
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref42
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref42
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref43
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref44
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref44
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref44
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref44
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref45
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref45
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref45
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref45
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref46
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref46
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref46
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref46
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref46
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref47
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref47
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref47
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref47
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref48
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref48
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref48
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref49
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref49
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref49
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref50
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref50
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref50
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref50
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref51
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref51
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref51
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref52
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref52
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref52
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref53
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref53
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref53
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref54
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref54
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref54
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref55
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref55
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref55
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref56
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref56
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref56
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref57
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref57
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref57
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref58
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref59
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref60
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref61
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref61
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref61
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref61
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref62
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref62
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref62
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref62
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref62
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref63
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref63
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref63
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref63
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref64
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref64
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref64
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref64
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref64
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref65
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref65
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref65
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref65
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref66
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref66
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref66
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref66
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref67
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref67
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref67
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref68
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref68
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref68
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref68
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref69
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref70
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref70
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref70
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref70
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref71
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref71
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref71
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref71
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref71
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref72
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref72
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref72
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref72
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref73
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref73
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref73
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref73
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref73
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref74
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref74
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref74
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref74
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref74
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref75
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref75
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref75
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref75
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref75
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref76
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref76
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref76
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref77
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

J. Aguilar-Company et al. / Clinical Microbiology and Infection xxx (2018) 1—12 1

locally advanced or metastatic urothelial carcinoma after platinum-based
therapy (RANGE): a randomised, double-blind, phase 3 trial. Lancet
2017;390:2266—77.

Arnold D, Fuchs C, Tabernero J, Ohtsu A, Zhu AX, Garon EB, et al. Meta-
analysis of individual patient safety data from six randomized, placebo-
controlled trials with the antiangiogenic VEGFR2-binding monoclonal anti-
body ramucirumab. Ann Oncol 2017;28:2932—42.

Sharma SV, Bell DW, Settleman ], Haber DA. Epidermal growth factor re-
ceptor mutations in lung cancer. Nat Rev Cancer 2007;7:169—81.

Van Cutsem E, Kohne CH, Hitre E, Zaluski J, Chang Chien CR, Makhson A, et al.
Cetuximab and chemotherapy as initial treatment for metastatic colorectal
cancer. N Engl ] Med 2009;360:1408—17.

Maughan TS, Adams RA, Smith CG, Meade AM, Seymour MT, Wilson RH, et al.
Addition of cetuximab to oxaliplatin-based first-line combination chemo-
therapy for treatment of advanced colorectal cancer: results of the rando-
mised phase 3 MRC COIN trial. Lancet 2011;377:2103—14.

Douillard JY, Oliner KS, Siena S, Tabernero ], Burkes R, Barugel M, et al.
Panitumumab-FOLFOX4 treatment and RAS mutations in colorectal cancer.
N Engl ] Med 2013;369:1023—34.

Douillard JY, Siena S, Cassidy ], Tabernero ], Burkes R, Barugel M, et al.
Randomized, phase III trial of panitumumab with infusional fluorouracil,
leucovorin, and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-line
treatment in patients with previously untreated metastatic colorectal can-
cer: the PRIME study. J Clin Oncol 2010;28:4697—705.

Peeters M, Price TJ, Cervantes A, Sobrero AF, Ducreux M, Hotko Y, et al. Final
results from a randomized phase 3 study of FOLFIRI + panitumumab for
second-line treatment of metastatic colorectal cancer. Ann Oncol 2014;25:
107-16.

Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A, et al.
Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl ] Med 2004;351:337—45.
Hecht JR, Patnaik A, Berlin J, Venook A, Malik I, Tchekmedyian S, et al.
Panitumumab monotherapy in patients with previously treated metastatic
colorectal cancer. Cancer 2007;110:980—8.

Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al. Radio-
therapy plus cetuximab for squamous-cell carcinoma of the head and neck.
N Engl ] Med 2006;354:567—78.

Vermorken ]JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, et al.
Platinum-based chemotherapy plus cetuximab in head and neck cancer.
N Engl ] Med 2008;359:1116—27.

Krampera M, Pasini A, Rigo A, Scupoli MT, Tecchio C, Malpeli G, et al. HB-EGF/
HER-1 signaling in bone marrow mesenchymal stem cells: inducing cell
expansion and reversibly preventing multilineage differentiation. Blood
2005;106:59—66.

Vinante F, Rigo A. Heparin-binding epidermal growth factor-like growth
factor/diphtheria toxin receptor in normal and neoplastic hematopoiesis.
Toxins 2013;5:1180—-201.

Cui R, Chu L, Liu ZQ, Xiao YY, Zhu XL, Chen Y], et al. Hematologic toxicity
assessment in solid tumor patients treated with cetuximab: a pooled anal-
ysis of 18 randomized controlled trials. Int ] Cancer 2015;136:936—44.
Laskin DL, Laskin ]D, Weinstein IB, Carchman RA. Modulation of phagocytosis
by tumor promoters and epidermal growth factor in normal and trans-
formed macrophages. Cancer Res 1980;40:1028—35.

Yamashita M, Chattopadhyay S, Fensterl V, Saikia P, Wetzel JL, Sen GC.
Epidermal growth factor receptor is essential for Toll-like receptor 3
signaling. Sci Signal 2012;5:ra50.

Fakih H, Vincent M. Adverse effects associated with anti-EGFR therapies for
the treatment of metastatic colorectal cancer. Curr Oncol 2010;17:518—30.
Macdonald JB, Macdonald B, Golitz LE, LoRusso P, Sekulic A. Cutaneous
adverse effects of targeted therapies: part I: inhibitors of the cellular
membrane. ] Am Acad Dermatol 2015;72:203—18.

Brodell LA, Hepper D, Lind A, Gru AA, Anadkat MJ. Histopathology of
acneiform eruptions in patients treated with epidermal growth factor re-
ceptor inhibitors. ] Cutan Pathol 2013;40:865—70.

Lacouture ME, Anadkat M], Bensadoun R], Bryce J, Chan A, Epstein B, et al.
Clinical practice guidelines for the prevention and treatment of EGFR
inhibitor-associated dermatologic toxicities. Support Care Cancer 2011;19:
1079-95.

Funakoshi T, Suzuki M, Tamura K. Infectious complications in cancer patients
treated with anti-EGFR monoclonal antibodies cetuximab and pan-
itumumab: a systematic review and meta-analysis. Cancer Treat Rev
2014;40:1221-9.

Qi WX, Fu S, Zhang Q, Guo XM. Incidence and risk of severe infections
associated with anti—epidermal growth factor receptor monoclonal anti-
bodies in cancer patients: a systematic review and meta-analysis. BMC Med
2014;12:203.

Wang L, Chen YZ, Shi D, Shi XY, Zou Z, Zhao JH. Incidence and risk of severe
neutropenia in advanced cancer patients treated with cetuximab: a meta-
analysis. Drugs R D 2011;11:317—-26.

Ricci F, Guerriero C, Paradisi A, Fossati B, Micciche F, Valentini V, et al.
Multiple abscesses in a patient treated with cetuximab. Eur ] Dermatol
2013;23:103—4.

Eilers Jr RE, Gandhi M, Patel JD, Mulcahy MF, Agulnik M, Hensing T, et al.
Dermatologic infections in cancer patients treated with epidermal growth
factor receptor inhibitor therapy. J Natl Cancer Inst 2010;102:47—53.

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

Guerriero C, Ricci F, Paradisi A, Fossati B, Valentini V, Pacelli F, et al. Sub-
cutaneous abscess as a side effect of cetuximab therapy. Eur ] Dermatol
2011;21:277-8.

Grenader T, Gipps M, Goldberg A. Staphylococcus aureus bacteremia sec-
ondary to severe erlotinib skin toxicity. Clin Lung Cancer 2008;9:59—60.

Li J, Peccerillo ], Kaley K, Saif M. Staphylococcus aureus bacteremia related
with erlotinib skin toxicity in a patient with pancreatic cancer. JOP 2009;10:
338-40.

Bachet JB, Peuvrel L, Bachmeyer C, Reguiai Z, Gourraud PA, Bouche O, et al.
Folliculitis induced by EGFR inhibitors, preventive and curative efficacy of
tetracyclines in the management and incidence rates according to the type of
EGFR inhibitor administered: a systematic literature review. Oncologist
2012;17:555—68.

Petrelli F, Borgonovo K, Cabiddu M, Coinu A, Ghilardi M, Lonati V, et al.
Antibiotic prophylaxis for skin toxicity induced by antiepidermal growth
factor receptor agents: a systematic review and meta-analysis. Br ] Dermatol
2016;175:1166—74.

Igbal N, Igbal N. Human epidermal growth factor receptor 2 (HER2) in
cancers: overexpression and therapeutic implications. Mol Biol Int
2014;2014, 852748.

Menard S, Pupa SM, Campiglio M, Tagliabue E. Biologic and therapeutic role
of HER2 in cancer. Oncogene 2003;22:6570—8.

Slamon DJ, Clark GM, Wong SG, Levin W], Ullrich A, McGuire WL. Human
breast cancer: correlation of relapse and survival with amplification of the
HER-2/neu oncogene. Science 1987;235:177—82.

Owens MA, Horten BC, Da Silva MM. HER2 amplification ratios by fluores-
cence in situ hybridization and correlation with immunohistochemistry in a
cohort of 6556 breast cancer tissues. Clin Breast Cancer 2004;5:63—9.
Ruschoff J, Hanna W, Bilous M, Hofmann M, Osamura RY, Penault-Llorca F,
et al. HER2 testing in gastric cancer: a practical approach. Mod Pathol
2012;25:637-50.

Hudis CA. Trastuzumab—mechanism of action and use in clinical practice.
N Engl ] Med 2007;357:39—-51.

Slamon D, Eiermann W, Robert N, Pienkowski T, Martin M, Press M, et al.
Adjuvant trastuzumab in HER2-positive breast cancer. N Engl ] Med
2011;365:1273-83.

Nahta R, Hung MC, Esteva FJ. The HER-2-targeting antibodies trastuzumab
and pertuzumab synergistically inhibit the survival of breast cancer cells.
Cancer Res 2004;64:2343—6.

Swain SM, Kim SB, Cortes ], Ro ], Semiglazov V, Campone M, et al. Pertuzu-
mab, trastuzumab, and docetaxel for HER2-positive metastatic breast cancer
(CLEOPATRA study): overall survival results from a randomised, double-
blind, placebo-controlled, phase 3 study. Lancet Oncol 2013;14:461—71.
Kono K, Takahashi A, Ichihara F, Sugai H, Fujii H, Matsumoto Y. Impaired
antibody-dependent cellular cytotoxicity mediated by herceptin in patients
with gastric cancer. Cancer Res 2002;62:5813—7.

Horlock C, Stott B, Dyson PJ, Morishita M, Coombes RC, Savage P, et al. The
effects of trastuzumab on the CD4"CD25"FoxP3" and CD4"IL17A" T-cell axis
in patients with breast cancer. Br ] Cancer 2009;100:1061—7.

Nuti M, Bellati F, Visconti V, Napoletano C, Domenici L, Caccetta ], et al.
Immune effects of trastuzumab. ] Cancer 2011;2:317—-23.

Funakoshi T, Suzuki M, Muss HB. Risk in breast cancer patients treated with
trastuzumab: a systematic review and meta-analysis. Breast Cancer Res Treat
2015;149:321-30.

Liu Y, Li ZY, Li X, Wang ]N, Huang QA, Huang Y. Liver toxicity of chemo-
therapy and targeted therapy for breast cancer patients with hepatitis virus
infection. Breast 2017;35:191—5.

Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA,
Brannigan BW, et al. Activating mutations in the epidermal growth factor
receptor underlying responsiveness of non—small-cell lung cancer to gefi-
tinib. N Engl ] Med 2004;350:2129—39.

Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al. EGFR mutations
in lung cancer: correlation with clinical response to gefitinib therapy. Sci-
ence 2004;304:1497—-500.

Pao W, Miller V, Zakowski M, Doherty ], Politi K, Sarkaria I, et al. EGF receptor
gene mutations are common in lung cancers from ‘never smokers’ and are
associated with sensitivity of tumors to gefitinib and erlotinib. Proc Natl
Acad Sci U S A 2004;101:13306—11.

Sordella R, Bell DW, Haber DA, Settleman J. Gefitinib-sensitizing EGFR mu-
tations in lung cancer activate anti-apoptotic pathways. Science 2004;305:
1163-7.

Rosell R, Moran T, Queralt C, Porta R, Cardenal F, Camps C, et al. Screening for
epidermal growth factor receptor mutations in lung cancer. N Engl ] Med
2009;361:958—67.

Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N, et al. Gefitinib or
carboplatin—paclitaxel in pulmonary adenocarcinoma. N Engl ] Med
2009;361:947-57.

Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi S, Isobe H, et al.
Gefitinib or chemotherapy for non—small-cell lung cancer with mutated
EGFR. N Engl ] Med 2010;362:2380—8.

Mitsudomi T, Morita S, Yatabe Y, Negoro S, Okamoto I, Tsurutani ], et al.
Gefitinib versus cisplatin plus docetaxel in patients with non—small-cell lung
cancer harbouring mutations of the epidermal growth factor receptor
(WJTOG3405): an open label, randomised phase 3 trial. Lancet Oncol
2010;11:121-8.

Please cite this article in press as: Aguilar-Company ], et al., ESCMID Study Group for Infections in Compromised Hosts (ESGICH) consensus
document on the safety of targeted and biologic therapies: an infectious diseases perspective—cell surface receptors and associated
signaling pathways, Clinical Microbiology and Infection (2018), https://doi.org/10.1016/j.cmi.2017.12.027



http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref78
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref79
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref79
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref79
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref79
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref79
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref80
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref80
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref80
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref81
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref81
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref81
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref81
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref82
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref82
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref82
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref82
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref82
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref83
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref83
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref83
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref83
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref84
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref85
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref85
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref85
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref85
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref85
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref86
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref86
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref86
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref86
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref87
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref87
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref87
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref87
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref88
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref88
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref88
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref88
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref89
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref89
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref89
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref89
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref90
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref90
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref90
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref90
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref90
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref91
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref91
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref91
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref91
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref92
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref92
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref92
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref92
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref93
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref93
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref93
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref93
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref94
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref94
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref94
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref95
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref95
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref95
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref96
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref96
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref96
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref96
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref97
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref97
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref97
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref97
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref98
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref98
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref98
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref98
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref98
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref99
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref99
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref99
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref99
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref99
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref100
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref100
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref100
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref100
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref100
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref101
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref101
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref101
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref101
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref102
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref102
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref102
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref102
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref103
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref103
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref103
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref103
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref104
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref104
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref104
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref104
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref105
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref105
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref105
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref106
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref106
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref106
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref106
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref107
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref108
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref108
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref108
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref108
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref108
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref109
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref109
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref109
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref110
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref110
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref110
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref111
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref111
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref111
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref111
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref112
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref112
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref112
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref112
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref113
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref113
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref113
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref113
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref114
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref114
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref114
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref114
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref115
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref115
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref115
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref115
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref116
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref116
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref116
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref116
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref117
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref117
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref117
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref117
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref117
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref118
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref118
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref118
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref118
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref119
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref120
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref120
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref120
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref121
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref121
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref121
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref121
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref122
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref122
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref122
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref122
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref123
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref124
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref124
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref124
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref124
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref124
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref125
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref125
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref125
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref125
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref125
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref126
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref126
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref126
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref126
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref127
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref127
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref127
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref127
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref128
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref128
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref128
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref128
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref128
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref129
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref129
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref129
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref129
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref129
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref130

12

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

J. Aguilar-Company et al. / Clinical Microbiology and Infection xxx (2018) 1—12

Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip E, et al.
Erlotinib versus standard chemotherapy as first-line treatment for European
patients with advanced EGFR mutation—positive non—small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial. Lancet Oncol
2012;13:239—-46.

Zhou C, Wu YL, Chen G, Feng ], Liu XQ, Wang C, et al. Erlotinib versus
chemotherapy as first-line treatment for patients with advanced EGFR
mutation—positive non—small-cell lung cancer (OPTIMAL, CTONG-0802): a
multicentre, open-label, randomised, phase 3 study. Lancet Oncol 2011;12:
735—42.

Sequist LV, Yang JCH, Yamamoto N, O’Byrne K, Hirsh V, Mok T, et al. Phase III
study of afatinib or cisplatin plus pemetrexed in patients with metastatic
lung adenocarcinoma with EGFR mutations. ] Clin Oncol 2013;31:3327—-34.
Wau YL, Zhou C, Hu CP, Feng ], Lu S, Huang Y, et al. Afatinib versus cisplatin
plus gemcitabine for first-line treatment of Asian patients with advanced
non—small-cell lung cancer harbouring EGFR mutations (LUX-Lung 6): an
open-label, randomised phase 3 trial. Lancet Oncol 2014;15:213—-22.

Soria JC, Felip E, Cobo M, Lu S, Syrigos K, Lee KH, et al. Afatinib versus
erlotinib as second-line treatment of patients with advanced squamous cell
carcinoma of the lung (LUX-Lung 8): an open-label randomised controlled
phase 3 trial. Lancet Oncol 2015;16:897—907.

Shepherd FA, Rodrigues Pereira ], Ciuleanu T, Tan EH, Hirsh V,
Thongprasert S, et al. Erlotinib in previously treated non—small-cell lung
cancer. N Engl ] Med 2005;353:123—32.

Moore M], Goldstein D, Hamm ], Figer A, Hecht ], Gallinger S, et al. Erlotinib
plus gemcitabine compared to gemcitabine alone in patients with advanced
pancreatic cancer. A phase I trial of the National Cancer Institute of Canada
Clinical Trials Group (NCIC-CTG). ] Clin Oncol 2005;23:1.

Bruckl W, Tufman A, Huber RM. Advanced non—small cell lung cancer
(NSCLC) with activating EGFR mutations: first-line treatment with afatinib
and other EGFR TKIs. Expert Rev Anticancer Ther 2017;17:143—55.

Yu HA, Arcila ME, Rekhtman N, Sima CS, Zakowski MF, Pao W, et al. Analysis
of tumor specimens at the time of acquired resistance to EGFR-TKI therapy in

[140]
[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

155 patients with EGFR-mutant lung cancers. Clin Cancer Res 2013;19:
2240-7.

Nelson MH, Dolder CR. Lapatinib: a novel dual tyrosine kinase inhibitor with
activity in solid tumors. Ann Pharmacother 2006;40:261-9.

Tiwari SR, Mishra P, Abraham ]. Neratinib, a novel HER2-targeted tyrosine
kinase inhibitor. Clin Breast Cancer 2016;16:344—8.

Barron F, de la Torre-Vallejo M, Luna-Palencia RL, Cardona AF, Arrieta O. The
safety of afatinib for the treatment of non—small cell lung cancer. Expert
Opin Drug Saf 2016;15:1563—72.

Fujita KI, Ishida H, Kubota Y, Sasaki Y. Toxicities of receptor tyrosine kinase
inhibitors in cancer pharmacotherapy: management with clinical pharma-
cology. Curr Drug Metab 2017;18:186—98.

Gao X, Le X, Costa DB. The safety and efficacy of osimertinib for the treat-
ment of EGFR T790M mutation positive non—small-cell lung cancer. Expert
Rev Anticancer Ther 2016;16:383—90.

Burgel PR, Nadel JA. Epidermal growth factor receptor-mediated innate
immune responses and their roles in airway diseases. Eur Respir ] 2008;32:
1068—81.

Ku GY, Haaland BA, de Lima Lopes G. Gefitinib vs. chemotherapy as first-line
therapy in advanced non—small cell lung cancer: meta-analysis of phase III
trials. Lung Cancer 2011;74:469—73.

Park K, Tan EH, O'Byrne K, Zhang L, Boyer M, Mok T, et al. Afatinib versus
gefitinib as first-line treatment of patients with EGFR mutation—positive
non—small-cell lung cancer (LUX-Lung 7): a phase 2B, open-label, rando-
mised controlled trial. Lancet Oncol 2016;17:577—89.

Yang JCH, Ahn M]J, Kim DW, Ramalingam SS, Sequist LV, Su WC, et al. Osi-
mertinib in pretreated T790M-positive advanced non—small-cell lung can-
cer: AURA study phase II extension component. ] Clin Oncol 2017;35:
1288—-96.

Mok TS, Wu YL, Ahn MJ, Garassino MC, Kim HR, Ramalingam SS, et al. Osi-
mertinib or platinum—pemetrexed in EGFR T790M—positive lung cancer.
N Engl ] Med 2017;376:629—40.

Please cite this article in press as: Aguilar-Company ], et al., ESCMID Study Group for Infections in Compromised Hosts (ESGICH) consensus
document on the safety of targeted and biologic therapies: an infectious diseases perspective—cell surface receptors and associated
signaling pathways, Clinical Microbiology and Infection (2018), https://doi.org/10.1016/j.cmi.2017.12.027



http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref131
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref132
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref133
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref133
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref133
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref133
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref134
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref135
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref135
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref135
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref135
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref135
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref136
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref136
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref136
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref136
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref136
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref137
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref137
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref137
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref137
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref138
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref138
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref138
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref138
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref138
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref139
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref139
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref139
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref139
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref139
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref140
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref140
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref140
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref141
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref141
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref141
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref142
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref142
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref142
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref142
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref142
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref143
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref143
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref143
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref143
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref144
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref144
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref144
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref144
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref144
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref145
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref145
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref145
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref145
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref146
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref146
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref146
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref146
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref146
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref147
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref148
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149
http://refhub.elsevier.com/S1198-743X(18)30032-6/sref149

	ESCMID Study Group for Infections in Compromised Hosts (ESGICH) consensus document on the safety of targeted and biologic t ...
	Introduction
	Vascular endothelial growth factor–targeted agents: bevacizumab and aflibercept
	Mechanism of action, approved indications and off-label use
	Expected impact on susceptibility to infection
	Available clinical data
	Conclusions and suggested prevention strategies

	VEGF tyrosine-kinase receptor–targeted agents: sorafenib, sunitinib, axitinib, pazopanib, regorafenib, vandetanib, cabozant ...
	Mechanism of action, approved indications and off-label use
	Expected impact on susceptibility to infection
	Available clinical data
	Conclusions and suggested prevention strategies

	Epidermal growth factor receptor–targeted agents: cetuximab and panitumumab
	Mechanism of action, approved indications and off-label uses
	Expected impact on susceptibility to infection
	Available clinical data
	Conclusions and suggested prevention strategies

	Human epidermal growth factor receptor 2 (ErbB2/HER2)-targeted agents: trastuzumab and pertuzumab
	Mechanism of action, approved indications and off-label uses
	Expected impact on susceptibility to infection
	Available clinical data
	Conclusions and suggested prevention strategies

	ErbB receptor tyrosine kinase–targeted agents: erlotinib, gefitinib, afatinib, osimertinib, lapatinib and neratinib
	Mechanism of action, approved indications and off-label uses
	Expected impact on infection risk
	Available clinical data
	Conclusions and suggested prevention strategies

	Transparency declaration
	References


