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INTRODUCTION gillus fumigatus. CPA is particularly rare in the West but
is also likely to be under-diagnosed, although the preva-
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other pulmonary diseases such as pulmonary TB, there has
been a history of misdiagnosis of this disease, particularly
in resource-limited settings, although this is improving
with the help of concrete clinical guidelines being pub-
lished in recent years [1]. The purpose of this review is
to determine and evaluate the depth of current knowledge
concerning CPA and to identify areas for further research
and improvement of diagnosis and treatment.

RISK FACTORS

Many prior or concurrent diseases, predominantly
pulmonary insults, present a risk of developing CPA [2].
Primarily, tuberculosis, non-TB mycobacterial infection
(NTM), and allergic bronchopulmonary aspergillosis
(ABPA) have been reported to be the major primary un-
derlying conditions in the development of CPA [3]. Based
on a 7-year study at the UK National Aspergillosis Centre
(NAC) for 126 patients diagnosed with CPA, the frequen-
cy of underlying conditions as the primary conditions
(as many patients presented with multiple underlying
co-morbidities) for CPA development are shown in Table
1.

To date, Smith and Denning’s summary is the most
comprehensive report of incidence of underlying dis-
eases for CPA. Various other studies have reported the
frequency of underlying conditions, albeit not for all as
outlined in Table 1, in CPA [4-10]. There are disparities
in the reported frequencies to those shown in Table 1.
This may be due to the retrospective nature of the study,
leading to inconsistencies in identifying primary condi-
tions. Furthermore, no study matched the sample size
nor duration of data collection. The study is limited as
it excluded immunosuppressed patients, however, they
only formed a negligible proportion of the NAC cohort.
Given the length of time over which the data was collect-
ed at a national scale, it may be assumed that the reported
frequencies are the best available estimates for Western
populations — applicability is limited for other popula-
tions due to greater prevalence of conditions such as TB
(eg, in Taiwan, South Korea, or India where TB has been
reported as the primary underlying cause for up to 93%
of CPA cases) [9-11].

PREVALENCE AND INCIDENCE

There is an estimated prevalence of only 3 million
cases of CPA worldwide (therefore based on the 2011
(date of model) global population of 7 billion, this plac-
es global prevalence at 42 per 100,000), of which 1.2
million are estimated to be complications of pulmonary
tuberculosis [2]. However, this proportion can vary
widely from region to region. Prevalence ranges from <1
(0.6) per 100,000 population in Western Europe and the
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Table 1. Frequency and Percentage of Primary
Underlying Condition in CPA Patients. Adapted
from Smith and Denning, 2011 [3]

Underlying condition Frequency (percentage) of
126 CPA cases as primary

underlying condition

Classical TB 20 (15.9)
NTM 18 (14.3)
ABPA+asthma 15 (11.9)
COPD and/or 12 (9.5)
emphysema+bullae
Pneumothorax+bullae 12 (9.5)
Lung cancer survivor 12 (9.5)
Pneumonia 10 (7.9)
Sarcoidosis 9(7.1)
Thoracic surgery 6 (4.8)
Rheumatoid arthritis, no 4 (3.2)
immunosuppression

Asthma (no ABPA or 3(2.4)
SAFS)

SAFS+asthma 2(1.6)
Bullae, no COPD, and 1(0.8)
no pneumothorax

SAIA 1(0.8)
Ankylosing spondylitis 0(0.0)
Other 0(0.0)
None 1(0.8)

US, to 42.9 in the Democratic Republic of Congo and
Nigeria [2]. A study conducted in the United Kingdom
found that previous tuberculosis accounted for 15.9% of
cases [3]. Alternatively, a study based in Karachi, Paki-
stan found that tuberculosis was the underlying cause
of CPA in 86.6% of patients [12]. Therefore, it is very
difficult to pinpoint the exact number of cases of CPA
that develop from pulmonary TB, and any study which
attempts to do so will have a significant caveat in that it
is only applicable for the region in which the study was
conducted. Additionally, there are up to 411,000 cases of
CPA complicating ABPA [13] and 72,000 cases of CPA
complicating sarcoidosis [14]. A potential criticism of the
methodology in these prevalence and incidence studies is
that they utilize many assumptions and rely upon extrap-
olation, such as the estimated prevalence of 1,238,000
cases of sarcoidosis worldwide and an estimated 6%
complication rate of CPA. Thus, any estimates of world-
wide cases of CPA complicating sarcoidosis as a function
of these inputs decreases the reliability. However, given
the low prevalence of this disease and this particular risk
factor, this is one of the few viable methods of conducting
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Figure 1. Subtypes of CPA. Overlaps demonstrate the potential for forms to evolve over the course of disease
evolution. For example, ongoing immunosuppression may see CCPA evolve into SAIA while this may reverse after
antifungal therapy [37]. Adapted from Denning et al., 2016 [15]

studies of this nature.

CPA may be further categorized into five subtypes:
single aspergilloma, chronic cavitary pulmonary asper-
gillosis (CCPA), chronic fibrosing pulmonary aspergillo-
sis (CFPA), Aspergillus nodule(s), or subacute invasive
aspergillosis (SAIA) (see Figure 1) [15]. Note that these
are overlapping presentations that the disease can evolve
between over time, rather than distinct subtypes. The dif-
ferentials are associated with patient populations affected
(eg, SAIA common in immunocompromised patients),
disease progression (eg, single aspergilloma shows no
progression over prolonged periods), nature and extent of
pulmonary or systemic symptoms (eg, CFPA can present
with major loss of lung function, unlike simple aspergil-
loma), and methods of diagnosis (eg, Aspergillus nodule
can only be definitively diagnosed based on histological
findings) [15]. An in-depth discussion of the subtypes
and their clinical management is beyond the scope of this
review.

DIAGNOSIS

The diagnosis of CPA is a multi-factorial process
that involves a combination of clinical presentation,
radiological findings, positive culture growth, and sero-
logical tests [16]. Furthermore, the disease will have to
have been present for at least 3 months and with little/
no immunocompromise, to distinguish from SAIA [17].
The worldwide consensus of clinicians who have prac-
ticed from low- to middle- and high-income settings
across various populations allows for this robust clinical
definition [18]. The respiratory symptoms are unspecific
and commonly include shortness of breath, sputum pro-
duction, a chronic cough, and hemoptysis, while systemic
symptoms include weight loss and fatigue [19]. However,

as the presented symptoms could be a result of comorbid-
ities, symptoms alone cannot be used to distinguish CPA
from other diseases [20].

The radiological findings can be presented through
a simple aspergilloma (also known as a fungal ball), an
Aspergillus nodule, or through the presence of cavities
that may contain fungal material in addition to pleural
thickening [19]. Initial analysis of CPA can be achieved
through chest X-rays, with additional CT scans giving
insight toward the distribution and characteristics of the
infection, be that fibrosing or cavitary disease presenta-
tion [21]. Imaging alone can also not be diagnostic as the
findings are not distinctive to CPA. For example, Asper-
gillus nodules may look like malignancy or rheumatoid
nodules [15]. The literature cannot give an extensive list
on the possible misdiagnoses, as most of these cases are
likely still unknown.

Definitive diagnosis can be achieved through
sampling of the sputum or bronchoalveolar lavage and
attempting to grow the fungus in culture, though this has
negligible success rates, with studies quoting positivity
rates as low as 26% and, therefore, this cannot be used
to rule out disease [22]. However, the presence of 4. fu-
migatus is significantly more common in CPA infection
rather than colonization, and high-volume cultures could
boost positivity rates of these tests threefold [17,23].
However, one cannot assume these levels of positivity
without directly observing the specific culturing tech-
niques used alongside this claim. Culture growth is hence
a useful diagnostic tool for positive results but cannot
be used to rule out CPA if a negative result is presented,
particularly as results are interpreted subjectively. Con-
sequently, the combination of symptoms, radiological
findings and culture techniques may still not provide
adequate information on the diagnosis of CPA. Thankful-



676

Second Line

Third Line

Intolerance/ Toxicity
Resistance/ Clinical failure

i

Voriconazole

Amphotericin B

Zarif et al.: Chronic pulmonary asperqgillosis: A brief review

| Itraconazole

Voriconazole

I Itraconazole |

Posaconazole
or
Isavuconazole
(no data in CPA)

Micafungin
or
Caspofungin

Figure 2. CPA Treatment stratified by toxicity and resistance. Adapted from Maghrabi and Denning, 2017 [19]

ly for clinicians, this void is filled through the detection
of raised anti-aspergillus IgG which is seen in nearly all
CPA patients [20].

Testing methods for IgG levels have evolved over
the years, with a precipitin test that developed into coun-
terimmunoelectrophoresis (CIE) to increase speed of
diagnosis through applying a current. These tests provide
a positive result when immune complexes are formed
which are visible to the naked eye [20]. Contrastingly,
Aspergillus specific IgG ELISAs are quantitative, can
be fully automated (reducing labor costs), and can be
performed in as little as 2 hours [20]. These tests exhibit
robust performance metrics, for example, a leading im-
munoassay test has a sensitivity between 92.9-96.0% and
a specificity of 98.0% up to 99.3% [17,24]. Nevertheless,
these publications are limited to small samples and these
numbers cannot be taken as standard.

For clinics in resource-poor settings, a more afford-
able alternative can be offered through a lateral flow de-
vice, for example LDBIO ICT test. This test offers com-
petitive performance metrics — sensitivity at 88.9-91.6%
and specificity at 96.3-98.0% — while giving results in
under an hour. While not quantitative, the ease of use and
low cost of this test makes it well suited for definitive
diagnosis in these areas [25,26]. At this point, there has
been little research into the benefits of a lower price test
compared to the limitations through lack of quantification
and how this may affect patient outcomes.

Despite a myriad of testing apparatus with accept-
able performance, CPA is still underdiagnosed due to a
lack of awareness of the disease and misdiagnosis due to
comorbidities that are often present.

TREATMENT

Treatment options for CPA are fairly limited and in-
variable, partly due to a lack of current research on devel-
oping new treatments for the disease, and research on the
progression of the disease itself, to target future therapy
development. However, the treatment of the disease itself
is far from straightforward due to the associated comor-
bidities and drug interactions.

First line treatment for CPA involves one of the an-
tifungal triazole drugs itraconazole or voriconazole, ad-
ministered orally. The aim of the treatment in the case of
Aspergillus nodule formation is to cure the disease, which
can be achieved through surgically removing the asper-
gilloma. Conversely, in the cases of CCPA and CFPA, the
aim is to improve symptoms, with the aim of reducing
the morbidity (and mortality) of the disease to as great an
extent as possible, through antifungal therapy [19].

Itraconazole has been the first line treatment for the
past 30 years due to its moderate cost and good availabil-
ity. Itraconazole has been shown to cause improvement
in 76.5% of patients, compared to just 35.7% of patients
undergoing standard supportive care, which involves
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treatment such as antitussives [27]. One shortcoming of
this study was that the sample was taken from a single
treatment center, and given the regional variability in the
underlying cause of CPA based on region; these results
may not be globally representative. A shortcoming of
itraconazole itself is that it is a known inhibitor of the
CYP3A4 metabolic enzyme and therefore can be a potent
source of drug-drug interactions and negative side effects,
such as rhabdomyolysis when combined with statins [28].

As such, voriconazole is also used as a second-line
treatment for CPA, with usage beginning in the 1990s,
with a 6-month overall positive response rate of 61%
[29]. Voriconazole is an inhibitor of the CYP2C9 en-
zyme, and thus is susceptible to the same pitfalls as
itraconazole. Therefore, as a first-line, one of itraconazole
or voriconazole is administered based on the patient
profile and any other medications they may currently
be taking. In the case of drug intolerance or drug tox-
icity (which is not uncommon), patients may then be
prescribed posaconazole (similar efficacy but higher cost)
or isavuconazole (recently FDA approved). In rare cases
of pan-azole resistance, intravenous amphotericin B is
often administered, with response rates of 77% for 2-4
courses with interval periods of 6 months due to risk of
nephrotoxicity [30]. An alternative treatment in the case
of pan-azole resistance is micafungin, which has similar
efficacy to voriconazole but with lower risk of side-effects
and drug-drug interactions [31]. Figure 2 summarizes the
treatment algorithm [19].

If further research is undertaken in the future to trial
new drugs and investigate the pathophysiology of CPA,
there is potential for more specific therapies to be devel-
oped in the future. However, considering the rarity of the
disease and sufficient efficacy of current treatments, it
may be difficult to garner support for such programs.

ASSESSING PROGRESS

Following treatment, it is vital to assess progress
to determine disease evolution and identify necessary
changes in the treatment plan.

Various treatment studies have utilized different fol-
low-up periods. The range is from 11 days to >10 years
[32]. As evidenced from collating the literature, it is
recommended that imaging to assess progress should be
quarterly or biannually [15]. The lower bound is derived
given that very little change is otherwise visible radio-
graphically if the follow-up period is less than 3 months.
During follow-ups, it is also crucial to determine any
potential relapses, indicated by a sharply rising antibody
titer, which can be common following the discontinuation
of antifungal therapy [15]. Evidence of therapeutic fail-
ure or relapse can be indicative of the need to transition
to second-line treatment.
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CPA is a serious sequela to various serious pulmo-
nary conditions resulting in high morbidity and mortality.
The largest study to date of CPA and its patient outcomes
of 387 patients between a 20-year period from 1992 to
2012 reports 1-year, 5-year, and 10-year survival rates to
be 86.0%, 62.0%, and 47.0%, respectively [22]. This is
broadly in line with ranges from prior studies from the
same time period [11,33-35]. Two studies, from Japan
(n=42) and South Korea (n=43), report consistently low-
er rates of 65.0-70.0%, 17.5-50.0%, and 30.0%, respec-
tively [16,36]. A higher median age of the Asian cohorts
alongside a skewed distribution of underlying pulmonary
conditions with higher cases of TB and NTM may ex-
plain the deviation observed [37]. The large sample size
and length of period of data collection further strengthen
the reports, although the study design is retrospective in
nature which limits full data collection, as evidenced by
the authors’ own admission of needing to use incomplete
death certificates [32]. Arbitrary judgement may have de-
creased the reliability of the reporting. In addition, since
the patients were UK-based, this limits applicability of
the findings to mainly Western, high-income populations.
As a result, it fails to provide insights into the predic-
tors of mortality in low- and middle-income countries
where lack of access to resources due to unavailability
or unaffordability may require adjustment of treatment
options [32]. Understanding predictors of mortality allow
for appropriate prognostic risk assessment of patients to
identify necessary adjustments to progress assessment,
for example, the need for more frequent follow-ups for
higher-risk patients to ultimately improve outcomes and
reduce mortality.

CONCLUSIONS AND OUTLOOK

There is a drastic underappreciation for the severity
and level of disease burden of CPA due to a lack of aware-
ness, resulting in underdiagnosis and misdiagnosis. Fur-
thermore, the intrinsic features of the disease lean itself
towards small study sizes with limited applicability to
other environments. In addition to this, the settings where
complex disease studies can be conducted is likely the
exact place where disease incidence is the lowest, while
lower income countries would benefit greater if these
studies were carried out in their region. Though there
are a variety of high performing diagnostic techniques
suitable for differing settings, these are underutilized due
to the seemingly low-level incidence rates, which further
exacerbates the misdiagnosis issue. The combination of
these diagnostic obstacles leads to a stagnant approach to
the disease. Additionally, recognizing that most cases of
CPA occur in middle-income regions, the findings cited
here cannot be universally applied, and are driven by a
small number of professional opinions. Consequentially,
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this review has highlighted a profound need for inves-
tigation and detection of patients with suspected CPA
in order to increase the breadth of the current literature.
However, this is only achievable through a higher level
of understanding and recognition of this disease which
will continue to be underappreciated until these studies
have been released. This generates a reinforcing cycle
and a call for new advocates for the disease, in order to
accelerate the mission for improved CPA diagnosis and
to save lives.
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