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ABSTRACT

Aspergillosis is one of the complications of lung cancer and lung cancer
treatment. Diagnosis of Aspergillosis in lung cancer, in general, is still a
challenge because clinical symptoms and examination results are not
typical, and risk factors often go unnoticed. To simplify the diagnosis of
Aspergillosis, several criteria have been created based on the patient's
condition, clinical and radiological features, and mycological laboratory
examination. Doctors' vigilance still needs to be increased, examination
facilities are still limited in certain cities, and diagnostic services have not
been integrated, so management is not optimal. This literature review aims
to increase doctors' knowledge and awareness regarding aspergillosis in lung
cancer, which is an important step to improve the appropriate management
of this disease.
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1. Introduction

Diseases caused by fungal infections pose a major
threat to public health. Opportunistic fungi such as
Aspergillus, Cryptococcus, Pneumocystis, and endemic
fungi are the main source of fungal infections in the
lungs. Fungal infections are rare in healthy people and
can cause life-threatening invasive disease in patients
with compromised immune systems.! Under certain
conditions, this disease causes a high mortality rate,
reaching 50-100%.2 Patient immunocompromised
increases from year to year so that the incidence of
fungal infections in the lungs also increases.! Patients
suffering from immunodeficiency disorders such as
HIV/AIDS, cancer patients undergoing cytotoxic
chemotherapy, patients receiving immunosuppressive
therapy such as in bone marrow/solid organ
transplantation including patients with long-term

neutropenia, high-dose and long-term corticosteroids,

acquired immunodeficiency levels advanced and
chronic granulomatous disease are patients at risk for
developing fungal infections.! The most important risk
factor is neutropenia, especially when the absolute
neutrophil count is less than 500 cells/mm3, with a
mortality rate exceeding 50%.3

Malignant disease/cancer is a health problem in
Indonesia that has the potential to be the basis for
pulmonary  aspergillosis. Patients with lung
malignancies can experience recurrent fevers due to
post-obstruction = pneumonia or other lung
abnormalities in the form of cavities or lung nodules.
Administration of chemotherapy and high doses of
corticosteroids is associated with increased pulmonary
aspergillosis in malignant patients.2 Data on
pulmonary mycosis in Indonesia is still limited due to
various obstacles. Research conducted by Almaududi

on non-small cell lung carcinoma (NSCLC) patients
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who had not received chemotherapy who were being
treated at Persahabatan General Hospital showed that
the fungal isolates that grew the most were Candida
albicans (72.3%) and Aspergillus niger (33.8%).2
Aspergillosis is a complication of lung cancer and lung
cancer treatment. A retrospective study conducted by
Park S et al. stated that 2.6% of patients with lung
cancer had invasive pulmonary aspergillosis (IPA).3
Jiang et al. reported 8 cases of aspergilloma in lung
cancer patients.4 Guziejko also reported a case of
chronic pulmonary aspergillosis (CPA) in lung cancer
patients who have received chemoradiotherapy.5 A case
report regarding subacute invasive pulmonary
aspergillosis (SIPA) in lung cancer patients who had
received chemoradiotherapy treatment has also been
reported by Wanatabe et al.6

Gupta et al. also reported a case of invasive
pulmonary aspergillosis in patients with non-small cell
lung cancer (NSCLC) who have received durvalumab
chemotherapy.” Research conducted by Hye Sin et al.
described 3430 patients with non-small cell lung
cancer. Seven patients who underwent tumor resection
surgery were NSCLC and CPA patients, and 56
patients developed CPA after undergoing lung tumor
resection.® Research conducted by Isra Thristy and
Yahwardiah Siregar in 2016 reported the percentage of
fungi Aspergillus sp as the cause of lung infections is
90%.9 Aspergillosis is usually diagnosed in patients
immunocompromised with other chronic respiratory
disorders.510 Diagnosis aspergillosis is difficult to
establish because symptoms are nonspecific and are
based on clinical, radiological, and microbiological
criteria and exclude other, more frequent causes of
reported symptoms. An accurate diagnosis is essential
to be able to initiate appropriate treatment.511-13
Follow-up after lung cancer treatment is not only
monitoring the possibility of tumor recurrence but also
identifying possible complications of late infection in
patients who have the potential to experience
immunosuppression.511 This study aims to increase
knowledge and awareness regarding aspergillosis in
lung cancer, which is an important step to ensure the

governance of the disease properly.

Pathogenesis

Aspergillus sp can survive a wide range of pH and
temperature, and its hydrophobic cell walls allow this
species to be dispersed efficiently even by small air
currents. The characteristics of Aspergillus fumigatus
allow this species to be the predominant mold species,
causing infections in humans.!4 The small size of the
conidia allows penetration into the lower respiratory
system and escape mucociliary clearance. Melanin in
the cell walls allows A. fumigatus to defend against
reactive oxygen species (ROS) and phagocytosis. The
negatively charged sialic acid on the cell surface allows
A. fumigatus to effectively bind to basal lamina
proteins of lung cells.14 Aspergillus fumigatus can
cause various infections in both immunocompromised
and immunocompetent individuals, although conidia
can be easily cleared by the host's natural defense
mechanisms in the lungs.13,16 It is estimated that there
are 16 million lung infections caused by A. fumigatus
with outcome which is fatal in hundreds of thousands
of patients each year.17.18 Biosynthesis Aspergillus
fumigatus has various secondary metabolites such as
fumagillin, fumitoxins, fumigaclavines A & C,
fumitremorgins, gliotoxin, trypacidin, pseurotins, asam
helvolat, pyripyropens, metil-sulochrin, verruculogen,
and fumiquinazolines. Some of these metabolites, such
as gliotoxins, are involved in damaging the immune
system host, causing serious health hazards.!4

Species Aspergillus sp is a unique pathogen that
infects humans. This pathogen is capable of causing
invasive disease and allergies. When inhalation
occurs, alveolar macrophage conidia in normal human
lungs will kill the pathogen quickly. In damaged lungs,
colonization of the respiratory tract can occur, which
may be temporary or semi-permanent. Impaired
mucociliary clearance is the main damage that occurs
in the lung cavity due to damage from previous lung
disease and in bronchi that experience ectasis, as
explained in Figure 2. Phagocyte dysfunction is a
common cause of invasive aspergillosis, including
subacute cases such as AIDS or chronic

granulomatous disease.19
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Lung cancer can cause damage to the mucociliary
and respiratory tract epithelium. The airway
epithelium makes a significant contribution to the
protective function of the airway. mucociliary
movement, intercellular apical junctional complexes
regulating paracellular permeability, and
antimicrobial peptides secreted by airway epithelial
cells are the three main components of airway
protective function. Mucociliary clearance is an innate
lung defense mechanism driven primarily by ciliated
cells. Respiratory mucus traps pathogens entering the
airways, and pulmonary cilia push them out through
coordinated, directional movements.?

These three components work together to clear
pathogens, allergens, and inhaled particles. Therefore,
impairment of one or more important components of
this barrier function may increase susceptibility to
infection.” Airway obstruction due to malignancy may
be caused by extrinsic compression by the tumor or
enlarged lymph nodes, endobronchial obstruction
from an intraluminal mass, or a combination of both.
Smaller airways can be obstructed by the spread of
lymphangitic malignancies. These mechanisms have
in common the stasis of secretions in the bronchi and
alveoli distal to the obstruction, the formation of
atelectasis, and microbial colonization and infection.
The infection that occurs can cause extensive local
damage to the lung parenchyma.20

The physical barrier of the respiratory tract is the
first line of defense against inhaled Aspergillus sp
conidia, after which the respiratory epithelium is the
first point of contact with inhaled conidia.21.22 The
airway epithelium plays a role in fungal clearance and
the production of cytokines and antimicrobial
peptides.23-25 Conidia can escape the respiratory
epithelium and are then challenged by cells of the
innate immune system, including pulmonary alveolar
macrophages and dendritic cells.26 Bronchial
obstruction is more common in squamous cell and
small cell carcinomas than in adenocarcinoma and
large cell carcinoma. Infection develops in the distal
part of the obstruction, resulting in damage to the lung

parenchyma and the formation of cavities in the

lung.20

Tumor invasion of the vagus nerve or recurrent
laryngeal nerve can cause glottic incompetence and
ciliary dysfunction, thereby increasing the possibility
of aspiration and fungal colonization. Aspiration after
swallowing can also occur due to food residue that
cannot be cleaned on the paralyzed side. Treatment
modality is a risk factor for infectious complications in
lung cancer patients. Radiotherapy causes various
toxicities, including pneumonitis, esophagitis, and
other types of mucosal trauma, which are
predisposing factors for infection. Patients receiving
chemotherapy are also at increased risk of
neutropenia, especially if myelosuppressive agents are
used.2! In lung cancer patients, neutropenia and
lymphopenia  occur after radiotherapy and
chemotherapy treatment.2!

Research conducted by Sarihan et al. found that
radiation-induced lymphopenia was associated with
an increased risk of infection in the first 3 months after
radiation therapy. Low lymphocyte counts correlate
with higher levels of inflammation response
dysregulation in the host, which can cause an
inflammatory state. In patients with a diagnosis,
human immunodeficiency virus (HIV) decreases, and
damage to lymphocytes results in infection.2!
Lymphopenia with a lymphocyte count <1100
cells/mL is associated with an increased risk of
hospital admission with infection and an increased
risk of death. Lymphopenia with a lymphocyte cell
count <1500 cells/mL is associated with reduced
survival. In cancer patients, lymphocytes <100
cells/mL are associated with a risk of death with
microbiologically confirmed sepsis.2! Neutrophil count
<1000 cells/mL causes an increased risk of infection
in lung cancer patients. One of the most studied
immunological markers in lung cancer patients is the
CD4, CD8, and CD4/CDS8 ratio.2! The reduced number
of CD4 cells, quantitative changes in lymphocytes, and
the existence of other theories stating that T cell
dysfunction occurs in lung cancer cause individuals
with lung cancer to become immunocompromised so

it is easy for infections to occur, including fungal
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infections, which can make healing difficult.22
Chemotherapy-induced neutropenia (CIN) is one of the
most commonly reported side effects in cancer
patients-22 Chemotherapy-induced neutropenia is a
toxicity that causes a delay in treatment and/or a
reduction in chemotherapy dose.22 Chemotherapy
agents act in the bone marrow when active cell division
occurs and suppress hematopoietic stem cells,
causing a decrease in the absolute number of
neutrophils in the blood circulation. Triplet/doublet
regimens increased the incidence of CIN and
myelotoxicity than single chemotherapy agent
regimens. A retrospective comparative study by
Gargiulo et al. regarding the toxicity of several
chemotherapeutic agents concluded that neutropenia
was frequently observed in the chemotherapeutic
drugs paclitaxel (18%), carboplatin and paclitaxel
(23%), oxaliplatin and fluorouracil and leucovorin
(23%).22

Chemotherapy in cases of malignancy can
generally cause immunosuppression and induce
anergy or immunoparalysis.2 Patients with lung
malignancies can experience recurrent fevers due to
post-obstruction pneumonia, as well as other lung
abnormalities in the form of cavities or lung nodules.
Administration of chemotherapy and high doses of
corticosteroids is associated with increased pulmonary
aspergillosis in malignant patients. The use of high
doses of corticosteroids can disrupt natural killer (NK)
cell function, suppress the production of pro-
inflammatory cytokines and chemokines, and interfere
with the differentiation and activation of dendritic
cells.2

Tumors can produce activating growth factors,
cytokines, and chemokines myeloid-derived
suppressor cells (MDSC). MDSCs can suppress
immune responses to tumor antigens and accelerate
tumor progression and tumor metastasis. There are
several mechanisms by which MDSCs can suppress
antitumor responses, including MDSCs inhibiting T
cell function in tumor tissue. MDSCs were first
identified as immunosuppressive myeloid cells in lung

cancer patients. MDSCs have a strong ability to

suppress various functions of T cells. Tumor-
associated macrophages or neutrophils produce
hydrogen peroxide (H20z2), which substantially reduces
T cell proliferation. Reactive oxygen species are
physiologically produced by activated neutrophils and
macrophages as mediators of innate immunity.2 In
chronic inflammation, ROS can weaken T cell
responses by affecting CD3-{ expression.9:24

ROS can also influence affinity antigen-receptor
cell T (Ag-TCR) specificity, which may explain the
specificity of MDSC-induced tolerance. The effects of
ROS and MDSC can affect CD8 T cells through the
inhibitory molecules B7-H1 and B7-H4. MDSCs can
improve immunosuppression by directly inducing
regulatory T cells (Treg) through the production of
interleukin (IL-10) and transforming growth factor
(TGF-B). Tregs actively regulate the activity and
reactions of antitumor T cells and NK cells. Cysteine,
which is an essential amino acid for T-cell activation,
is also difficult to find because of MDSC.9.24

A study conducted by Thomas et al. showed that
the level of ripening dendritic cells (DC) in patients
with lung tumors is significantly lower than in healthy
people. A dendritic cell is critical for the activation of
antigen-specific CD8 T lymphocytes, a critical step in
the initiation of innate and adaptive immune
responses that are essential for the clearance of
infections and tumors. Research conducted by
Pyfferoin et al. also explains that the DC subset that
can activate CD8 T cells is reduced in number in lung
cancer patients. This study shows that lung cancer
dynamically removes functional DCs from tumor
regions to support malignant progression.2¢ Shi et al.
use flow cytometry to examine pDCs in the peripheral
blood of 52 NSCLC patients and 52 healthy controls.26

Patients with higher tumor stages had higher pDC
levels than those with lower tumor stages. Rosalinda
Sorrentino et al. isolated pDCs from NSCLC tissue and
found that a higher percentage of
immunosuppressive-phenotype pDCs in lung tumor
areas with high expression of cell membrane receptors
and PD-L1 contributed to an immunosuppressive

tumor microenvironment. Reducing the number of
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pDCs can, in many cases, improve the
immunosuppressive environment. Tumor-associated
pDCs show impaired type I interferon (IFN) production.
These IFNs have been shown to play important roles
in cytotoxic, immunosuppressive, and anti-tumor
responses.2’? Intratumoral activation of pDCs by
agonists Toll-Like Receptors (TLR-9) and activation of
TLR-9 in the lung leads to the recruitment of
regulatory T cells, thereby contributing to
immunosuppression.27

The mechanism of immunosuppression by regDCs
has been tested in various studies. Spallanzani et al.
demonstrated that regDCs suppress IFN-y secretion by
NK cells through reduction of IL-18 secretion and by
an active cell-to-cell mechanism mediated by IL-10.
This mechanism can produce an immunosuppressive
state. Zhang et al. showed that regDCs can induce
higher-performance Tregs to maintain immune
tolerance, thereby causing a state of
immunosuppression.28 Unequal differentiation of DC
precursors in tumor microenvironment (TME) has
been demonstrated in many studies.28

After culturing DCs in a medium with serum from
lung tumor patients, the expression of the molecule
co-stimulator, like a cluster of differentiation (CD)40,
CD80, CD86, major histocompatibility complex (MHC)
type II, and IL-12 are disrupted. These DCs are also
unable to present antigens to activate T-cell responses.
The lactic acid in the TME inhibits TLR3 and the
stimulator of the IFN signaling gene (STING), thereby
inhibiting the secretion of IL-12 and IFN-I by DCs.
Overexpression of B7-H3 in lung cancer tissue can
suppress T-cell stimulation.29 Aspergillosis is most
likely related to immune or pulmonary defense
disorders such as mannose-binding lectin deficiency
or immune dysregulation, such as the predominance
of the T helper 2 (Th2) cell axis.20

Aspergillus is a fungus that can cause various
clinical syndromes. Despite exposure to conidia
Aspergillus sp via inhalation being common, only a
small proportion of those exposed will develop
pulmonary disease. Clinical picture, course, and

prognosis of infection Aspergillus really depends on

the level of immunity of the person's host, despite
increasing  knowledge of genetic disorders.
Interactions between immune dysfunction, pathogens,
and host or hyperreactivity determine which clinical
syndrome is more likely to develop, as described in
Figure 3.21

The classic risk factor for invasive pulmonary
aspergillosis is neutropenia, and the likelihood of IPA
correlates with the duration and severity of
neutropenia. Platelets are also important in defense
against IPA, and thrombocytopenia tends to go hand
in hand with neutropenia. Angioinvasion is involved in
the pathogenesis of host neutropenia and is a
response to higher spread to other organs such as the
skin, brain, or eyes. Patients who have a higher risk
for IPA are patients who have allo-hematopoietic stem
cell transplantation (HSCT) genetics and patients with
long-term neutropenia after chemotherapy.

Invasive pulmonary aspergillosis in patients with
neutropenia has been reviewed extensively.21 IPA also
occurs in patients who do not experience neutropenia.
The most common risk factor is the wuse of
corticosteroids before hospital admission.2! Invasive
pulmonary aspergillosis occurs in patients receiving
solid organ transplants (especially lung and heart),
patients with acquired immune deficiency syndrome
(AIDS), chronic obstructive pulmonary disease
(COPD), intensive care unit patients, critically ill
patients, patients with liver failure and patients with
chronic granulomatous disease. Angioinvasion is not
a common feature in patients who do not experience
neutropenia. This is different from neutropenic
patients.2!

Many cases work relatively well slowly, and the
condition continues for weeks. Lack of angioinvasion
on imaging is associated with a more protracted
clinical course, such as explained in Figure 4, and
delayed diagnosis in heart transplant recipients. As a
result, the diagnosis is often not considered because
the symptoms and imaging results are non-specific.2!
Conidia that escape from macrophages are eliminated
by recruiting neutrophils and monocytes. Neutrophil

extracellular traps (NET) contribute to the defense of
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host innate, and neutrophils exert a wide variety of
antifungal effector functions, including recognition,
phagocytosis, intracellular clearance mediated by
oxidative mechanisms and non-oxidative, secretion of
antimicrobial molecules, and release of NETs. Failure
to prevent conidia germination results in hyphal
growth tissue invasion and marks the initiation of
fungal disease.27

Innate immune cells express pattern recognition
receptors (PRR) that recognize pathogen-associated
molecular patterns (PAMPs) in fungi and activate
effector functions, including phagocytosis and the
production of proinflammatory cytokines and
chemokines that regulate innate and adaptive
immunity.14 Incomplete elimination occurs in
individuals who are immunocompromised. Inhaled
fungal conidia cause germination and tissue invasion
by fungal hyphae.! Severe and long-term neutropenia
and monocytopenia and effects regimen chemotherapy
myelotoxic and hematopoietic cell transplantation are
predisposing factors to infection Aspergillus sp. Severe
pharmacological disruption of myeloid cell function,
for example, by long-term exposure to corticosteroids,
predisposes patients to infection with Aspergillus sp.14

Inhaled conidia of Aspergillus fumigatus cause
early recognition of infection by pulmonary epithelial
cells and innate cells, including alveolar macrophages
and dendritic cells. This immediate response results in
the production of chemokines that promote the rapid
recruitment of neutrophils, followed by the
subsequent arrival of monocytes, DCs, mast cells,
eosinophils, and NK cells. All of these innate cells work
together in the elimination of fungal conidia by
producing a combination of cytokines and protective
factors in the form of ROS, NET, tumor necrosis factor
(TNF), IFN, dendritic cells, and plasmacytoid dendritic
cells.28 Simultaneous disruption of the patient's innate
immune system, e.g., chemotherapy myelotoxic,
corticosteroids, and myeloid function inhibitors, a
high risk of Aspergillus sp infection.14

The main T-helper derivatives, Th1, Th2, and Th17,
were shown to play an important role in

aspergillosis.29 A dominant Thl response is required

for resistance to aspergillosis and induction of efficient
antifungal responses.30 Protection mediated by the
Th1l subset correlates with the production of the
cytokine IFNy that activates the potential fungicidal
activity of innate immune cells. Th2 responses
characterized by the production of IL-4, IL-5, IL-13,
and IL-10 mediate anti-inflammatory responses,
allergies, and fungal persistence in the lung. Response
Strong Th2 is associated with severe aspergillosis
infection, and this response counteracts the protective
Th1l response mediated by the cytokine IL-4.30 The
hallmark of Th17 cells is the production of IL-17A and
IL-17F, which triggers the recruitment and activation
of neutrophils to the site of infection and induces the
pro-inflammatory cytokines IL-6, IL-1p, G-CSF and
TNFa as well as the chemokines CXCL8, MIP-1 and
MCP1. Potentiation of neutrophils by IL-17A increases
the production of ROS, proteolytic enzymes, and
antimicrobial peptides, which all aim to eliminate the
fungus. T helper 17 has an important role in cleaning
mold. Uncontrolled or prolonged Th17 activation is
detrimental to the host because it causes lung damage
and persistent inflammation. Enhanced Thl7
response is associated with severe immunopathology
characterized by massive neutrophil infiltrates in the
lung parenchyma and impaired fungal clearance.30
Epithelial cells, dendritic cells, and alveolar
macrophages constitute the innate immune response
to A. fumigatus. PRR engagement in these cells triggers
the pathway transduction, leading to the production of
different  lineage-polarizing cytokines. Antigen
presentation via MHC-II and molecular binding co-
stimulator, in turn, causes activation and
differentiation of naive CD4 T-helper cells into different
effector lineages: Thl, Th17, Th22, Th2, Th9, Treg,
and Trl as described in figure 6. These effector cells
differentially contribute to protection against infection
fungi, adverse immunopathology, or in the setting of

adaptive immune responses.30
Clinical manifestations

There are three major categories of pulmonary

aspergillosis, namely allergic bronchopulmonary
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aspergillosis (ABPA), chronic pulmonary aspergillosis,
and invasive pulmonary aspergillosis. Categories
depend on characteristics of host wunderlying
conditions and interactions between the fungus and
its host, such as explained in Figure 7. The widespread
use of chemotherapeutic and immunosuppressive
agents results in overlap between these categories.
Pulmonary aspergillosis is often described as a semi-
continuous allergic disease, noninvasive and
invasive.!2 Invasive pulmonary aspergillosis is a severe
clinical manifestation of aspergillosis and can be found
not only in patients with severe immune system

disorders but also in critically ill patients with COPD.

Aspergilloma and ABPA are forms of invasiveness of
aspergillosis. Aspergilloma is a fungal ball that
develops in a pre-existing cavity in the Ilung
parenchyma, while ABPA is a manifestation of
hypersensitivity in the lungs that almost always
attacks asthmatic patients or cystic fibrosis.3! CPA is
a fungal disease that wusually occurs in
immunocompetent or mildly immunosuppressed
patients with underlying respiratory disorders. CPA is
an important and often overlooked fungal infection.10
The clinical spectrum of CPA is outlined in the figure

below.

Pulmonary
Aspergillosis

1 1
Allergic Invasive
Bronchopulmonary Pulmonary Pulmonary
Aspergillosis Aspergillosis Aspergillosis
| 1 1 1
Aeparailius St Chronic Cavitary Chronic Fibrosing Subacute Invasive

N‘:)dﬁles e ﬁloma Pulmonary Pulmonary Pulmonary
Perg Aspergillosis Aspergillosis Aspergillosis

Figure 1. Clinical spectrum chronic pulmonary aspergillosis.

Treatment

Prophylactic therapy is the administration of anti-
fungal drugs (OAJ) to patients who have risk factors
without signs of infection with the aim of preventing
the emergence of fungal infections. Prophylactic
therapy is given early in the period of high risk of
infection. Empirical therapy is the administration of
OAJ to patients who have risk factors accompanied by
signs of infection, for example, persistent fever with

neutropenia usually for 4-7 days, whose etiology is

unknown and does not improve after adequate
antibiotic therapy for 3-7 days. Empirical therapy is
given to patients with a diagnosis possible. Therapy
pre-emptive (targeted prophylaxis) is the
administration of OAJ to patients who have risk
factors, accompanied by clinical symptoms and
radiological and/or laboratory examination results
that are suspicious of fungal infection. Pre-emptive

therapy is given to patients with a probable diagnosis.
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Voriconazole (A) is highly recommended as primary
therapy for invasive pulmonary aspergillosis. Other
antifungals such as amphotericin B (B), caspofungin
(B), micafungin (B), posaconazole (B), and itraconazole
(B) are alternative therapies. In patients receiving long-
term immunosuppressive therapy, antifungal therapy
should be continued (B). Prevention of recurrent
infections by continuing antifungal therapy in patients
successfully treated for past invasive aspergillosis with
risk of neutropenia (B). Discontinuation/reduction of
corticosteroid dose is recommended for patients with
invasive pulmonary aspergillosis (C).32-36 Rapid
initiation of therapy in IPA reduces mortality and is
important for preventing disease progression. Empiric
IPA therapy in patients receiving induction
chemotherapy is also associated with better survival
rates. Voriconazole remains the initial drug of choice
in treatment, administered in two intravenous doses
of 6 mg/kg on day 1, followed by 4 mg/kg every 12
hours. Switching to an oral formulation may be
considered in patients who show signs of improvement
and who can tolerate oral therapy. Voriconazole is
generally well tolerated. Side effects of variconazole are
blurred,

discrimination.12

photophobia, and altered color

Itraconazole is administered at a dose of 200 mg
twice daily for at least six months and requires
frequent monitoring of drug levels, given its narrow
therapeutic range and considerable toxicity.12 Other
oral azoles, such as voriconazole and posaconazole,
also appear effective in disease remission and can be
used as a second or third line after itraconazole.
Nebulized amphotericin B (NEB), given for four months
in stable patients with recurrent exacerbations of
ABPA, resulted in a significant reduction in the
number of exacerbations at one year. Omalizumab, a
recombinant anti-IgE monoclonal antibody, is a
promising glucocorticoid-sparing agent, especially in
patients who cannot tolerate antifungal therapy.12 A

minimum of 6-12 weeks of antifungal treatment is

recommended. Often, patients require therapy for
several months to more than a year. Surgical resection
has a limited role in the treatment of IPA but is
effective in patients with IPA and massive hemoptysis
or refractory disease. Wedge resection and lobectomy
without significant loss of lung function are preferable
to pneumonectomy. IDSA guidelines support
prophylaxis during prolonged neutropenia and
immunosuppression. Strong recommendations for the
use of posaconazole or voriconazole for prophylaxis
come from large randomized clinical trials
demonstrating its superiority over other triazoles.
Itraconazole, micafungin, and caspofungin may also
be effective.12 A summary of treatment for pulmonary

aspergillosis can be seen in Table 1.

Prognosis

Invasive pulmonary aspergillosis in lung cancer
can result in a high mortality rate, reaching 50-100%.2
Cancer treatment in the form of chemotherapy and
radiotherapy can cause lymphopenia and
neutropenia. Lymphopenia with a lymphocyte count
<1100 cells/mL is associated with an increased risk of
hospital admission with infection and an increased
risk of death. Lymphopenia with a lymphocyte cell
count <1500 cells/mL is associated with reduced
survival. In cancer patients, lymphocytes <100
cells/mL are associated with a risk of death with
microbiologically confirmed sepsis.2! Neutrophil count
<1000 cells/mL causes an increased risk of infection
in lung cancer patients. Chemotherapy-induced
neutropenia is a toxicity that causes a delay in
treatment and/or a reduction in chemotherapy dose.22
when the absolute neutrophil count is less than 500
cells/mms3, the mortality rate exceeds 50%.3 Clinical
picture, course, and prognosis of infection Aspergillus
sp really depend on the level of immunity of the host.
Neutropenic patients will have more severe symptoms,

and infection can spread through angioinvasion.12
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Table 1. Treatment of pulmonary aspergillosis.

Disease
manifestations

Care recommendations

Information

Aspergillosis invasive

Primary therapy:

Intravenous voriconazole (6 mg/kg every 12 hours for 1 day,
followed by 4 mg/kg every 12 hours) until improvement,
followed by oral voriconazole (200 mg every 12 hours) or
itraconazole

orally (400-600 mg/day) until resolution or stabilization of all
clinical and radiographic manifestations OR

Intravenous liposomal amphotericin B (3-5 mg/kg/day) until
improvement, followed by oral voriconazole (200 mg every 12
hours) or
oral itraconazole (400-600 mg/day) until resolution or
stabilization of all clinical and radiographic manifestations

Rescue therapy: intravenous caspofungin (70 mg Day 1 and 50
mg/day intravenously
thereafter) or intravenous micafungin (100-150 mg/day) until
improvement, followed by oral voriconazole (200 mg every 12
hours) or oral itraconazole (400-600 mg/day) until resolution
of the disease

OR

Posaconazole (200 mg four times a day initially, then 400 mg
twice) daily orally after disease stabilization

Follow-up serum galactomannan
levels

Improved immune
suppression (neutropenia)

system

Chronic necrotizing
("semi-invasive')
pulmonary
aspergillosis

For mild to moderate disease, voriconazole (200 mg every 12
hours) or
itraconazole (400-600 mg/day) until resolution or stabilization
of all clinical and radiographic manifestations. If clinically
severe, consider starting with intravenous liposomal
amphotericin B or voriconazole as described above for invasive
disease. Consider surgical resection

Improved immunosuppression
(corticosteroids)
Get rid of the spread.

Bronchopulmonary
allergy aspergillosis

Corticosteroids (dose and duration vary widely, with dosage
adjusted accordingly
on the degree of airflow obstruction, eosinophilia, and IgE
levels)

Itraconazole (200 mg twice daily
for 16 weeks initially) has been
used as a steroid-sparing agent

Aspergilloma There is no indication of  antifungal agents | It can become a progressive
Embolization and bronchial angiography | chronic lung disease
surgical resection or invasive if immunosuppressed

Hypersensitivity There is no indication of antifungal agents | Avoidance measures

pneumonitis Corticosteroids

2. Conclusion 3. References
Diagnosis of aspergillosis is difficult to establish 1. Li Z, Lu G, Meng G. Pathogenic fungal

because the symptoms are non-specific, based on
clinical, radiological, and microbiological criteria, and
exclude other more frequent causes of the symptoms
reported. Lung cancer patients are at high risk for
infection aspergillosis lungs, especially patients who
have received treatment in the form of chemotherapy
or radiotherapy, which can cause neutropenia and
lymphopenia, as well as high-dose and long-term
steroid treatment. CIN treatment

can cause

delays/reduction of chemotherapy doses.

infection in the lung. Fimmu. 2019; 1524(10):
1-20.

Rozaliyani A, Jusuf A, Priyanti ZS, Burhan E,
Handayani D, Widowati H, et al. Pulmonary
fungal infection in Indonesia: current
situation and future challenges. J Respir Ind.
2019; 39(3): 210-14.

Park S, Park S, Choi H, Park JY, Lim HS, Park
MJ, et al. Invasive pulmonary aspergillosis in

a patient with metastatic non-small cell lung

4090



10.

11.

cancer after treatment with gefitinib. Korean J
Intern Med. 2018; 33(1): 211-13.

Jiang S, Jiang L, Shan F, Zhang X, Song M.
Two cases of endobronchial aspergilloma with
lung cancer: a review of the literature of
endobronchial aspergilloma with underlying
malignant lesions of the lung. Int J Clin Exp
Med. 2015; 8(9): 17015-21

Guziejko K, Klukowska K, Budzi nska U, Mréz
RM. Case Chronic

Report: Pulmonary

Aspergillosis—An unusual long-term
complication of lung cancer treatment. Front
Med. 2022; 8(1): 1-7.

Watanabe H, Shirai T, Saigusa M, Asada K,
Arai K. Subacute invasive pulmonary
aspergillosis after chemoradiotherapy for lung
cancer. Respirol Case Rep. 2020; 8(2): 1-3.
Dandachi D, Dib RW, Fernandez-Cruz A,
Jiang Y, Chaftari AM. Invasive pulmonary
aspergillosis in patients with solid tumours:
risk factors and predictors of clinical
outcomes. Annals of Medicine. 2019; 50(8):
713-20.

Hye Shin S, Kim BG, Kang J, Um SW, Kim H,
Kim HK, et al. Incidence and risk factors of
chronic pulmonary aspergillosis development
during long-term follow-up after lung cancer
surgery. J Fungi. 2020; 6(1): 271-81.
Setiyawati D, Situmeaang SM. Identification of
Fungi in Patients  with Pulmonary
Tuberculosis at H. Adam Malik General
Hospital Medan. Jurnal Kesmas Prima
Indonesia. 2021; 3(2): 47-51.

Barac A, Kosmidis C, Alastruey-Izquierdo A,
Salzer HJF. Chronic pulmonary aspergillosis
update: a year in review. Med Mycol. 2019;
57(2): 104-9.

Sugimoto S, Soh J, Suzawa K, Miyoshi K,
Otani S, Yamamoto H, et al. Pulmonary
aspergillosis as a late complication after
surgery for locally advanced non-small cell
induction

lung cancer treated with

chemoradiotherapy. Surg Today. 2020; 50(8):

12.

14.

15.

16.

18.

19.

20.

21.

863-71.

Kanj A, Abdallah N, Soubani AO. The
spectrum of pulmonary aspergillosis. Respir
Med. 2018; 141(3): 121-31.

Denning DW, Cadranel J, Beigelman-Aubry C,
Ader F, Chakrabarti A, Blot S, et al. Chronic
pulmonary aspergillosis: rationale and clinical
guidelines for diagnosis and management. Eur
Respir J. 2016; 47(1): 45-68.

Arastehfar A, Carvalho A, Houbraken J,
Lombardi L, Garcia-Rubio R, Jenks JD, et al.
Aspergillus fumigatus and aspergillosis: from
basics to clinics. Stud Mycol. 2021; 100(1): 1-
51.

Garcia-Rubio R, Oliveira HC, Rivera J,
Trevijano-Contador N. The fungal cell wall:
candida, cryptococcus, and aspergillus
species. Frontier in microbiology. 2020; 10(1):
1-13.

Chindamporn A, Chakrabarti A, Li R. Survey
of Laboratory Practices for Diagnosis of Fungal
Infection in Seven Asian Countries: An Asia
Fungal Working Group (AFWG) initiative.
Medical Mycology. 2018; 56(1): 416 -25.
Brown GD, Willment JA, Whitehead L. C-type
lectins in immunity and homeostasis, Nat.
Rev. Immunol. 2018; 18(6): 374-89.

Lowes D, Al-Shair K, Newton PJ, Morris J,
Harris C, Rautemaa-Richardson R, et al.
Predictors of mortality in chronic pulmonary
aspergillosis. Eur Respir J. 2017; 49(1): 1-10.
Denning DW, Chakrabarti A. Pulmonary and
diseases in non-

sinus fungal

immunocompromised Lancet
Infectious Diseases. 2017; 17(11): 357-66.
Baxter CG, Bishop P, Low SU, Baiden-

Amissah K,

patients.

Denning DW. Pulmonary
aspergillosis: an alternative diagnosis to lung
cancer after positive [18 F|FDG positron
emission tomography. Thorax. 2011; 66(1):
638-40.

Kosmidis C, Denning DW. The clinical

spectrum of pulmonary aspergillosis. Thorax.

4091



22.

23.

24.

25.

26.

27.

28.

29.

30.

2015; 7(1): 270-7.

Gargiulo P, Arenara L, Gridelli C, Morabito A,
Ciardiello F, Gebbia V, et al. Chemotherapy-
induced neutropenia and treatment efficacy in
advanced non-small-cell lung cancer: a pooled
analysis of 6 randomized trials. BMC Cancer.
2021; 21(1): 549-58.

Amich J, Mokhtari Z, Strobel M. Three-
dimensional  light sheet  fluorescence
microscopy of lungs to dissect local host
immune-Aspergillus fumigatus interactions.
mBio. 2020; 11(1): 2719 -52.

Seidel C, Moreno-Velasquez SD, Ben-Ghazzi
N. Phagolysosomal epithelium during
Aspergillus fumigatus infection. Frontiers in
Microbiology. 2020; 11(1): 1955-65.

Richard N, Marti L, Varrot A. Human
bronchial epithelial cells inhibit Aspergillus
fumigatus germination of extracellular conidia
via FleA recognition. Scientific Reports. 2018;
8(1): 15699-78.

van de Veerdonk FL, Gresnigt MS, Romani L.
Aspergillus fumigatus morphology and
dynamic host interactions. Nature Reviews
Microbiology. 2017; 15(1): 661 —74.

Urban CF, Backman E. Eradicating, retaining,
balancing, swarming, shuttling and dumping:
a myriad of tasks for neutrophils during
fungal infection. Current
Microbiology. 2020; 58(1): 106 -15.

Espinosa V, Dutta O, McElrath C, Du P,

Chang Y-J, Cicciarelli B, et al. 2017. Type III

Opinion in

interferon is a critical regulator of innate
antifungal immunity. Sci Immunol. 2018;
2(16): 1-29.

Bacher P, Kniemeyer O, Schonbrunn A,
Sawitzki B, Assenmacher M, Rietschel E, et al.
Antigen-specific  expansion of human
regulatory T cells as a major tolerance
mechanism against mucosal fungi. Mucosal
Immunol. 2014; 7(4): 916-28.

Dewi IM, van de Veerdonk FL, Gresnigt MS.

The multifaceted role of T-Helper responses in

31.

32.

33.

34.

35.

36.

host defense against Aspergillus fumigatus. J.
Fungi. 2017; 55(3): 3-17.

Kousha M, Tadi R, Soubani AO. Pulmonary
Aspergillosis: A Clinical Review. Eur Respir
Rev. 2011; 20(121): 156-74.

Desoubeaux G, Bailly E, Chandenier J.
Diagnosis of invasive pulmonary aspergillosis:
Updates and recommendations. J Medmal.
2018; 44(1): 89-101

Tunnicliffe G, Schomberg L, Walsh S, Tinwell
B, Harrison T, Chua F. Airway and
parenchymal manifestations of pulmonary
aspergillosis. Respiratory Medicine. 2014;
107(1): 1113-23.

Schelenz S, Barnes SA, Barton RC, Cleverley
JR, Lucas SB, Kibble CC. British Society for
Medical Mycology Best Practice
Recommendations for the diagnosis of serious
fungal diseases. lancetet Infect Dis. 2015;
12(1): 1-15.

Hage CA, Carmona EM, Evans SE, Limper AH,
Ruminjo J, Thomson CC. Summary for
clinicians: microbiological laboratory testing
in the diagnosis of fungal infections in
pulmonary and critical care practice. Annals.
2019; 16(12): 1473-7.

Donnelly P, Lockhart SR, Chen SC, Kauffman
CA, Steinbach WJ, Baddley JW, et al. Revision
and update of the consensus definitions of
invasive fungal disease from the European
Organization for research and treatment of
cancer and the mycoses study group

education and research consortium. Clin

Infect Dis. 2020; 71(6): 1367-76.

4092



