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Abstract
Introduction: Chronic pulmonary aspergillosis (CPA) is a fungal disease with high 
mortality and morbidity. Guidelines suggest treatment with azoles as first-line therapy. 
However, patients often develop treatment intolerance or increasingly azole resistance.
Objectives: This retrospective review assesses outcomes in azole resistant or intoler-
ant patients with CPA treated with cyclical echinocandin therapy.
Methods: We retrospectively examined records of 25 patients with CPA treated 
with cyclical caspofungin, 6 of whom were either azole-resistant or azole intoler-
ant. Baseline characteristics, high-resolution computed tomography severity scores, 
forced expiratory volume after 1 minute (FEV1), forced vital capacity (FVC), body 
mass index and serology (Aspergillus fumigatus-specific IgG, Aspergillus fumigatus-
specific IgE, total IgE and CRP) were assessed before and after caspofungin.
Results: Of the six patients, four (66%) started caspofungin due to intolerance and 
two (33%) due to pan-azole resistance. On treatment, there was stability in FEV1 
with an overall mortality of 33% during the follow-up period with a median survival 
of 875.5  days (IQR 529-1024). No significant change in serology (A. fumigatus-
specific IgG and CRP was seen.
Conclusions: With pulsed echinocandin therapy, azole-intolerant or pan-resistant 
CPA patients have similar mortality rates to azole-naïve CPA patients. Pulsed echi-
nocandin therapy may present a strategy to stabilize CPA in patients with pan resist-
ance or intolerance to, azole therapy.
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1  |   INTRODUCTION

Chronic pulmonary aspergillosis (CPA) lies at the severe 
end of a spectrum of diseases caused by Aspergillus spp.1 
Aspergillus spp. are saprophytic fungi commonly found in 
soil and decaying organic material, and are thus fairly ubiq-
uitous to most environments. Depending on the host immune 
response, inhalation can lead to a range of pulmonary disease 
manifestations, from allergic sensitization and allergic bron-
chopulmonary aspergillosis to acute invasive aspergillosis 
and CPA. Most pulmonary aspergillus disease is attributed to 
Aspergillus fumigatus, but Aspergillus flavus and Aspergillus 
niger may also be implicated.

CPA occurs usually, but not always, in patients with pre-
disposing risk factors. These include structural lung damage, 
such as previous tuberculosis, chronic obstructive pulmonary 
disease or mild immunosuppression such as from diabetes 
mellitus or chronic steroid use.2 Non-tuberculous mycobac-
teria (NTM) infection patients are at increased risk of CPA, 
but causality as opposed to an overlap of risk factors has not 
been established.2,3 More recently, polymorphisms in the 
innate Toll-like receptor (TLR) family, specifically TLR-4, 
have been associated with increased susceptibility to CPA.4

In contrast to invasive aspergillosis, CPA usually has an 
insidious onset, with symptoms developing over a period of 
months to years. Classical symptoms include shortness of 
breath, cough, haemoptysis and weight loss.1 Diagnosis is 
multimodal and involves characteristic findings on high-res-
olution computed tomography (HRCT), direct evidence 
of Aspergillus spp. (through fungal culture or PCR from 
broncho-alveolar specimens) or immunological response 
(Aspergillus-specific IgG or precipitins).5 Mortality is high 
despite antifungal therapy, with reports showing a ~30% 
mortality at 1 year.6

Antifungal therapy is primarily based on oral azoles.1 
Itraconazole has been shown to be efficacious in CPA.7,8 
Other studies have demonstrated efficacy of posaconazole 
and voriconazole.9,10 Intolerance is common, however, 
with a recent study showing ~30% discontinuation over a 
12-month period due to adverse effects.11 Of increasing 
concern, rates of azole resistance in A. fumigatus are increas-
ing.12 Treatment options in CPA patients with azole-resistant 
Aspergillus spp. or those who are azole intolerant are limited 
and data on outcomes in this challenging group is sparse. 
Alternatives, such as short-term courses of intravenous lipo-
somal amphotericin B, has been associated with acute kidney 
injury rates of up to 32%.13 In our centre, caspofungin ther-
apy has been shown to be effective in the treatment of CPA in 
the context of sarcoidosis, where it is used preferentially over 
amphotericin B due to better tolerability and reduced toxicity 
in this frail cohort.14 A recent study has also highlighted their 
tolerability as parenteral outpatient antimicrobial therapy in 
patients with CPA.15

Echinocandins (including caspofungin, micafungin and 
anidulafungin) are fungistatic to Aspergillus sp., inhibiting 
cell wall synthesis.16,17 There is clear evidence for their use 
in invasive aspergillosis as alternatives to amphotericin B or 
voriconazole; however, the evidence for their use in CPA is 
less well established.5,18 Given the different mechanism of 
action to azoles, murine data have suggested dual therapy 
may potentially be additive or synergistic.17,19 Previous stud-
ies have shown effectiveness of micafungin in treatment of 
CPA but with limited follow-up duration.5,20,21

In the light of these challenges described, we have retro-
spectively reviewed a small cohort of CPA patients with ei-
ther intolerance or resistance to all azoles, who were treated 
with pulsed caspofungin as salvage therapy. A defined 
radiological scoring system for CPA, lung function, body 
mass index (BMI) and serological biomarkers were used to 
assess outcome in these patients with limited treatment op-
tions for CPA.

2  |   MATERIALS AND METHODS

Electronic Patient Records at the Royal Brompton Hospital, 
a single tertiary referral centre, were interrogated for CPA 
patients treated with intravenous caspofungin between 2008 
and 2012. Patients with cystic fibrosis or those who received 
only a single cycle were excluded. Patients were diagnosed 
with CPA based on a combination of clinical symptoms, ra-
diological features, microbiological fungal culture and serol-
ogy, as defined in recently published guidelines.5 A total of 
25 patients were identified, of whom six had either pan-azole 
resistance (itraconazole, voriconazole and posaconazole) or 
were azole intolerant. In pan-azole resistance, azole therapy 
was continued with parenteral caspofungin therapy used as 
adjunctive therapy. Azoles used included itraconazole, vori-
conazole and posaconazole.

Azole resistance to A. fumigatus was interpreted based 
on epidemiological cut-off values (ECV). For itraconazole 
or voriconazole, minimal inhibitory concentration (MIC) of 
≤1 mg/L were defined as susceptible, 2 mg/L as intermediate, 
>2 mg/L as resistant; for posaconazole MIC of ≤0.25 mg/L 
as susceptible, MIC of 0.5 mg/L as intermediate and MIC of 
>0.5 mg/L as resistant. 22

Caspofungin was given intravenously at a dose of either 
70 mg on day 1 and 50 mg daily thereafter (>80 kg) or 50 mg 
daily (≤80 kg) for 14 days. Cycles were planned for 8-week 
intervals. Intravenous antibiotics were given concomitantly 
with caspofungin for the cycle duration if indicated based 
on previous microbiology and clinical response. Patients on 
treatment for NTM continued anti-mycobacterial therapy 
for the duration. Radiology was graded by independent ra-
diologist assessment of HRCT scans (Authors CS and DH). 
Each lobe was graded by cavity diameter (mm), cavity wall 
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thickness (mm), pleural thickness (mm), tree-in-bud signs 
and consolidation (%). This was performed before and after 
caspofungin treatment.

Patient demographics, including age and co-morbidities 
were recorded. BMI, C-reactive protein (CRP), total IgE, 
A.fumigatus-specific IgG, A.fumigatus-specific IgE and 
spirometry results were retrieved from electronic and case 
notes before and during caspofungin treatment. A.fumigatus-
specific IgG and IgE levels were measured using ImmunoCAP 
fluoro-enyme immunoassay (Phadia AB, Uppsalla, Sweden).

Outcomes for patients were categorized as improved or 
worse if there was a change of ±5% at the end of caspofungin 
treatment from pretreatment baseline. Survival was calcu-
lated from the start of caspofungin treatment up to death or 
01/12/2015, whichever was first. Categorical variables data 
are expressed as frequencies or proportions. Continuous data 
are expressed as means with standard deviation (SD) for 
parametric data or medians with interquartile ranges (Q1-3)  
for non-parametric data. Data were analysed using SPSS 
Statistics (IBM SPSS Statistics for Macintosh, version 22.0, 
Armonk, NY, USA: IBM Corp.). As a retrospective, non- 
interventional project, this study has been reviewed by our 
local trust research board and was deemed service evaluation 
and hence did not require formal ethical approval.

3  |   RESULTS

Six patients with azole-resistant or azole-intolerant CPA 
received regular pulsed intravenous caspofungin during  
2008-2012. Patient demographics prior to caspofungin treat-
ment are outlined in Table 1. Baseline data for patients were 
not available as these were tertiary referrals.

Mean age was 54.5 years (range 39-66). The most com-
mon fungal pathogen isolated was A. fumigatus, A. niger was 
isolated in one patient. Patients received between 6 and 10 
cycles of caspofungin with a median gap between cycles of 
64 days (IQR 51-81). Of the six patients, four (66%) started 
caspofungin due to intolerance and two (33%) due to pan-
azole resistance. Three of the four (75%) patients with con-
current NTM disease were treated for NTM prior to or during 
the course of their caspofungin treatment. Baseline spirome-
try was available for five (83%) of patients with mean FEV1 
of 41 ± 21% and forced vital capacity (FVC) of 67 ± 28%; 
FEV1/FVC ratios showed a restrictive and obstructive pat-
tern in two and three patients, respectively.

Individual patient outcomes are summarized in Table 2.  
At the end of follow up, 66% (4/6) of patients survived, 
with a median survival of 875.5 days (IQR 529-1024). 
Baseline median A. fumigatus-specific IgG levels, total 
IgE levels and CRP were 172.0 mg/L (IQR 126.0-184.0), 
145.5 IU/mL (53.0-283.8) and 32.5 mg/L (IQR 18.8-64.3), 
respectively. At the end of caspofungin treatment median  T
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levels were similar (150 mg/L (IQR 49.6-200.0), 53.0 IU/mL  
(IQR 7.3-216.5), 33.5 mg/L (IQR 24.8-39.3), respectively). 
Median changes for A. fumigatus-specific IgG levels are 
shown in Figure 1.

Quantitative analysis of HRCT images from initiation of 
cyclical Caspofungin therapy to follow-up census (end of 
study duration or death) showed a mixed response. In both 
patients who died in the study duration, there was a notable 
increase in cavity size, suggesting that this may be a useful 
marker of disease progression. In the other four patients, on 
pulsed caspofungin therapy, there was either stability or im-
provement in cavity size. There was a variable response in 
cavity wall thickness. Overall, over 6 months of pulsed caspo-
fungin therapy, median change in cavity wall thickness was 
0.0 mm (IQR −2.2 to +2.0), pleural thickness was 0.0 mm 
(IQR −0.5 to +0.3) and cavity size was +2.35 mm (IQR −8.0 
to +13.0) and in lung consolidation was 0.0% (IQR −12.5 to 
+3.8).

4  |   DISCUSSION

With increasing rates of azole resistance amongst Aspergillus 
spp. and for those intolerant of azoles, alternative and non-
toxic therapies are urgently needed. This retrospective review 
describes outcomes in a small cohort of azole-resistant and 
azole-intolerant CPA patients treated with cyclical caspo-
fungin as salvage therapy. We show a trend towards stability 
in BMI, lung function and radiology in a majority of these 
patients with highly limited treatment options.

To date, in published case series of CPA, the majority 
of patients have been treated with azole therapy, which re-
mains the mainstay of treatment. However, there is a rising 
incidence of azole resistance amongst Aspergillus spp. and 
an established high prevalence of azole intolerance.11,12 
Echinocandin therapy is generally well tolerated and can be 
given safely as an outpatient.15 There is though, limited data 
on its efficacy in CPA as salvage therapy in azole intolerant 
of pan-resistant cases. A study of micafungin in 70 patients 
with deep-seated mycoses found a good response in patients 
with previously ineffective or toxic antifungal therapy; how-
ever, only 9 patients in the study were diagnosed with CPA, 
of which 6 showed response to micafungin.21 A multicentre 
trial in 2010, randomized CPA patients to voriconazole or 
micafungin and found no significant difference in response. 
This was, however, assessed only 4  weeks after treatment, 
with no information available on subsequent morbidity or 
mortality.20

Baseline patient demographics of our cohort are com-
parable to previous published studies with a median age 
of 54.4  years and a median baseline BMI of 20.8  kg/m2. 
However, two thirds of our cohort were co-infected with 
NTM, which is a higher proportion than previous studies.6,23 T
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Mortality (2/6, or 33%) is also comparable to the existing 
published literature with azole naïve patients.6,24 There was 
no significant improvement in serology; however, the use of 
serial Aspergillus-specific IgG to monitor treatment response 
has recently been questioned.25

Quantitative radiology showed a mixed response during 
pulsed caspofungin therapy. All surviving patients showed 
improvement in cavity size. Within the published literature 
to date, the radiological response in CPA to antifungals has 
been mixed. Denning et al found arrest of cavity expansion 
to be a marker of improved clinical state, despite cavity wall 
thickness being an unreliable marker of disease activity.23 
In a study by Agarwal et al, a positive outcome was not de-
fined by improvement in radiological or mycological param-
eters, but a prevention of deterioration.7 A previous review 
by Desai et al noted that in some series, HRCT features im-
prove in only about half of patients.26 However, a recent study 
quantitatively evaluating the radiological response of CPA 
patients to antifungal therapy revealed a significant associ-
ation of reduction in cavity and pleural wall thickness with a 
positive clinical response.27 In our study, both patients who 
died during the follow-up period had improvements in pleural 
wall thickness, however. In the same study, a change in cavity 
size was not associated with clinical outcome. It is hence, still 
unclear, what radiological markers correlate accurately with 
disease progression and clinical outcome.

In vitro and in vivo studies have shown azole- 
echinocandin synergy against A. fumigatus with increased 
synergy shown in azole-resistant strains likely due to the 
underlying azole resistance mechanism.28 In addition, apart 
from inhibition of Aspergillus spp. growth, echinocandins 

induce morphological changes in A.fumigatus hyphae, in-
crease exposure of beta-glucan and subsequently increase 
macrophage-mediated inflammatory responses in vitro.29 
This hypothetically may induce a longer lasting immune re-
sponse in the host than the echinocandin course, which only 
has a half-life of 9-11 hours.30 This potentially suggests a role 
for echinocandins as salvage therapy in CPA.28

As a retrospective historical analysis, this study has a num-
ber of limitations. Our cohort is small, from a number of years 
ago and from a single tertiary referral centre and is heteroge-
neous with multiple co-morbidities. We were unable to com-
pare efficacy of caspofungin therapy to a control group, as 
all patients with azole-refractory CPA received caspofungin. 
Demographics within our cohort are, however, comparable to 
the published literature.6 However, these are “real-world” data 
and reflect the precarious treatment of this difficult and rare 
disease, with little available data regarding outcome in these 
patient groups. Treatment options have not changed since this 
dataset was collected and azole resistance globally is increasing, 
highlighting the importance of looking at alternative therapeu-
tic options. As a retrospective study, we were, however, unable 
to collect objective patient-centric outcomes. As treatment is 
mainly aimed at disease stabilization, clinical symptom re-
sponse is an important factor, and is associated with outcome.6

Nevertheless, this study demonstrates the potential ben-
efit of cyclical caspofungin therapy for individuals with 
CPA with azole intolerance or resistance disease to achieve 
disease stabilization and highlights the need for adequately 
powered prospective multicentre studies to determine the 
most effective therapeutic option in this challenging patient 
group.

F I G U R E  1   Median change in 
Aspergillus-specific IgG. This boxplot 
represents the median change in serum 
Aspergillus-specific IgG before and after 
caspofungin with interquartile ranges (Q1-3)



576  |      OSBORNE et al.

CONFLICT OF INTERESTS
The authors declare that they have no conflicts of interest 
with the contents of this article.

AUTHORS CONTRIBUTIONS
AS, RW and ML were involved in study design and patient 
identification. MF, SB and EG performed all data collection. 
MF, WO and AS performed data analysis and wrote the origi-
nal draft of the manuscript. CS and DH assessed and graded CT 
chest images. All authors were involved in manuscript editing.

ETHICS 
This study was reviewed by our local trust research board and as 
a retrospective, non-interventional project, was deemed service 
evaluation and hence did not require formal ethical approval.

CONSENT FOR PUBLICATION
All authors have consented to the publication of the 
manuscript

DATA AVAILABILITY STATEMENT
The datasets used and/or analysed during the current study 
are available from the corresponding author on reasonable 
request.

ORCID
William Osborne   https://orcid.org/0000-0003-3564-1441 

REFERENCES
	 1.	 Patterson TF, Thompson GR, Denning DW, et al. Practice guide-

lines for the diagnosis and management of aspergillosis: 2016 up-
date by the infectious diseases society of America. Clin Infect Dis. 
2016;63(4):e1-e60. https://doi.org/10.1093/cid/ciw326.

	 2.	 Chai LY-A, Hsu L-Y. Recent advances in invasive pulmonary as-
pergillosis. Curr Opin Pulm Med. 2011;17(3):160-166. https://doi.
org/10.1097/MCP.0b013​e3283​43eb49.

	 3.	 Kunst H, Wickremasinghe M, Wells A, Wilson R. Nontuberculous 
mycobacterial disease and Aspergillus-related lung disease in 
bronchiectasis. Eur Respir J. 2006;28(2):352-357. https://doi.
org/10.1183/09031​936.06.00139005.

	 4.	 Carvalho A, Pasqualotto AC, Pitzurra L, Romani L, Denning DW, 
Rodrigues F. Polymorphisms in toll-like receptor genes and sus-
ceptibility to pulmonary aspergillosis. J Infect Dis. 2008;197(4): 
618-621. https://doi.org/10.1086/526500.

	 5.	 Denning DW, Cadranel J, Beigelman-Aubry C, et al. Chronic pul-
monary aspergillosis: rationale and clinical guidelines for diagno-
sis and management. Eur Respir J. 2016;47(1):45-68. https://doi.
org/10.1183/13993​003.00583​-2015.

	 6.	 Camara B, Reymond E, Saint-Raymond C, et al. Characteristics 
and outcomes of chronic pulmonary aspergillosis: A retrospective 
analysis of a tertiary hospital registry. Clin Respir J. 2015;9(1): 
65-73. https://doi.org/10.1111/crj.12105.

	 7.	 Agarwal R, Vishwanath G, Aggarwal AN, Garg M, Gupta D, 
Chakrabarti A. Itraconazole in chronic cavitary pulmonary asper-
gillosis: a randomised controlled trial and systematic review of 

literature. Mycoses. 2013;56(5):559-570. https://doi.org/10.1111/
myc.12075.

	 8.	 Yoshida K, Niki Y, Kurashima A, et al. Efficacy and safety of short- 
and long-term treatment of itraconazole on chronic necrotizing 
pulmonary aspergillosis in multicenter study. J Infect Chemother. 
2012;18(3):378-385. https://doi.org/10.1007/s1015​6-012-0414-7.

	 9.	 Felton TW, Baxter C, Moore CB, Roberts SA, Hope WW, Denning 
DW. Efficacy and safety of posaconazole for chronic pulmonary 
aspergillosis. Clin Infect Dis. 2010;51(12):1383-1391. https://doi.
org/10.1086/657306.

	10.	 Cadranel J, Philippe B, Hennequin C, et al. Voriconazole for 
chronic pulmonary aspergillosis: a prospective multicenter trial. 
Eur J Clin Microbiol Infect Dis 2012;31(11):3231-3239. https://
doi.org/10.1007/s1009​6-012-1690-y.

	11.	 Bongomin F, Harris C, Hayes G, Kosmidis C, Denning DW. 
Twelve-month clinical outcomes of 206 patients with chronic 
pulmonary aspergillosis. PLoS One. 2018;13(4):1-17. https://doi.
org/10.1371/journ​al.pone.0193732.

	12.	 Vermeulen E, Maertens J, De Bel A, et al. Nationwide surveillance of 
azole resistance in aspergillus diseases. Antimicrob Agents Chemother. 
2015;59(8):4569-4576. https://doi.org/10.1128/AAC.00233​-15.

	13.	 Newton PN, Harris C, Denning DW. The clinical response to a 
short-term course of intravenous liposomal amphotericin B ther-
apy in patients with chronic pulmonary aspergillosis. Mycoses 
2013;56:154-156.

	14.	 Keir GJ, Garfield B, Hansell DM, et al. Cyclical caspofungin for 
chronic pulmonary aspergillosis in sarcoidosis. Thorax. 2014;69(3): 
287-288. https://doi.org/10.1136/thora​xjnl-2013-203988.

	15.	 Bazaz R, Harris C, Kosmidis C, Otu AA, Denning DW, 
Bongomin F. Micafungin may be safely administered as out-
patient parenteral antimicrobial therapy for chronic pulmo-
nary aspergillosis. Mycoses. 2018;62(2):152-156. https://doi.
org/10.1111/myc.12857.

	16.	 Denning DW, Hope WW. Therapy for fungal diseases: opportuni-
ties and priorities. Trends Microbiol. 2010;18(5):195-204. https://
doi.org/10.1016/j.tim.2010.02.004.

	17.	 Walsh T, Anaissie E, Denning D, et al. Treatment of aspergillo-
sis: clinical practice guidelines of the infectious diseases society 
of America. Clin Infect Dis. 2008;46(3):327-360. https://doi.
org/10.1086/525258.

	18.	 Patterson KC, Strek ME. Diagnosis and treatment of pulmonary 
aspergillosis syndromes. Chest. 2014;146(5):1358-1368. https://
doi.org/10.1378/chest.14-0917.

	19.	 Zhang M, Su X, Sun W-K, Chen F, Xu X-Y, Shi Y. Efficacy of 
the combination of voriconazole and caspofungin in experimen-
tal pulmonary aspergillosis by different Aspergillus species. 
Mycopathologia. 2014;177(1-2):11-18. https://doi.org/10.1007/
s1104​6-013-9719-z.

	20.	 Kohno S, Izumikawa K, Ogawa K, et al. Intravenous micafungin 
versus voriconazole for chronic pulmonary aspergillosis: a mul-
ticenter trial in Japan. J Infect. 2010;61(5):410-418. https://doi.
org/10.1016/j.jinf.2010.08.005.

	21.	 Kohno S, Masaoka T, Yamaguchi H, et al. A multicenter, open- 
label clinical study of micafungin (FK463) in the treatment of 
deep-seated mycosis in Japan. Scand J Infect Dis. 2004;36(5): 
372-379. https://doi.org/10.1080/00365​54041​0020406.

	22.	 Espinel-Ingroff A, Diekema DJ, Fothergill A, et al. Distributions 
and epidemiological cutoff values for the triazoles and six 
Aspergillus spp. for the CLSI Broth Microdilution Method  

https://orcid.org/0000-0003-3564-1441
https://orcid.org/0000-0003-3564-1441
https://doi.org/10.1093/cid/ciw326
https://doi.org/10.1097/MCP.0b013e328343eb49
https://doi.org/10.1097/MCP.0b013e328343eb49
https://doi.org/10.1183/09031936.06.00139005
https://doi.org/10.1183/09031936.06.00139005
https://doi.org/10.1086/526500
https://doi.org/10.1183/13993003.00583-2015
https://doi.org/10.1183/13993003.00583-2015
https://doi.org/10.1111/crj.12105
https://doi.org/10.1111/myc.12075
https://doi.org/10.1111/myc.12075
https://doi.org/10.1007/s10156-012-0414-7
https://doi.org/10.1086/657306
https://doi.org/10.1086/657306
https://doi.org/10.1007/s10096-012-1690-y
https://doi.org/10.1007/s10096-012-1690-y
https://doi.org/10.1371/journal.pone.0193732
https://doi.org/10.1371/journal.pone.0193732
https://doi.org/10.1128/AAC.00233-15
https://doi.org/10.1136/thoraxjnl-2013-203988
https://doi.org/10.1111/myc.12857
https://doi.org/10.1111/myc.12857
https://doi.org/10.1016/j.tim.2010.02.004
https://doi.org/10.1016/j.tim.2010.02.004
https://doi.org/10.1086/525258
https://doi.org/10.1086/525258
https://doi.org/10.1378/chest.14-0917
https://doi.org/10.1378/chest.14-0917
https://doi.org/10.1007/s11046-013-9719-z
https://doi.org/10.1007/s11046-013-9719-z
https://doi.org/10.1016/j.jinf.2010.08.005
https://doi.org/10.1016/j.jinf.2010.08.005
https://doi.org/10.1080/00365540410020406


      |  577OSBORNE et al.

(M38–A2 Document). J Clin Microbiol. 2010;48(9):3251-3257. 
https://doi.org/10.1128/JCM.00536​-10.

	23.	 Denning DW, Riniotis K, Dobrashian R, Sambatakou H. Chronic 
cavitary and fibrosing pulmonary and pleural aspergillosis: case 
series, proposed nomenclature change, and review. Clin Infect Dis. 
2003;37(s3):S265-S280. https://doi.org/10.1086/376526.

	24.	 Cucchetto G, Cazzadori A, Conti M, Cascio GL, Braggio P, Concia 
E. Treatment of chronic pulmonary aspergillosis with voriconazole: 
review of a case series. Infection. 2015;43(3):277-286. https://doi.
org/10.1007/s1501​0-014-0711-4.

	25.	 Sehgal IS, Dhooria S, Choudhary H, et al. Monitoring treatment re-
sponse in chronic pulmonary aspergillosis: role of clinical, spiromet-
ric and immunological markers. Clin Microbiol Infect. 2019;25:1157.
e1-1157.e7. https://doi.org/10.1016/j.cmi.2019.01.007.

	26.	 Desai SR, Hedayati V, Patel K, Hansell DM. Chronic Aspergillosis 
of the lungs: unravelling the terminology and radiology. Eur 
Radiol. 2015;25(10):3100–3107. https://doi.org/10.1007/s0033​0- 
015-3690-7.

	27.	 Godet C, Laurent F, Bergeron A, et al. CT imaging assessment of 
response to treatment in chronic pulmonary aspergillosis. Chest. 
2016;150(1):139-147. https://doi.org/10.1016/j.chest.2016.02.640.

	28.	 Mavridou E, Meletiadis J, Rijs A, Mouton JW, Verweij PE. The 
strength of synergistic interaction between posaconazole and 

caspofungin depends on the underlying azole resistance mech-
anism of Aspergillus fumigatus. Antimicrob Agents Chemother. 
2015;59(3):1738-1744. https://doi.org/10.1128/AAC.04469​-14.

	29.	 Hohl TM, Feldmesser M, Perlin DS, Pamer EG. Caspofungin mod-
ulates inflammatory responses to Aspergillus fumigatus through 
stage-specific effects on fungal β-glucan exposure. J Infect Dis. 
2008;198(2):176-185. https://doi.org/10.1086/589304.

	30.	 Kofla G, Ruhnke M. Pharmacology and metabolism of anidula-
fungin, caspofungin and micafungin in the treatment of invasive 
candidosis: review of the literature. Eur J Med Res. 2011;16(4): 
159-166. http://www.ncbi.nlm.nih.gov/pubme​d/21486730. Accessed  
March 3, 2019.

How to cite this article: Osborne W, Fernandes M, 
Brooks S, et al. Pulsed echinocandin therapy in azole 
intolerant or multiresistant chronic pulmonary 
aspergillosis: A retrospective review at a UK tertiary 
centre. Clin Respir J. 2020;14:571–577. https://doi.
org/10.1111/crj.13171

https://doi.org/10.1128/JCM.00536-10
https://doi.org/10.1086/376526
https://doi.org/10.1007/s15010-014-0711-4
https://doi.org/10.1007/s15010-014-0711-4
https://doi.org/10.1016/j.cmi.2019.01.007
https://doi.org/10.1007/s00330-015-3690-7
https://doi.org/10.1007/s00330-015-3690-7
https://doi.org/10.1016/j.chest.2016.02.640
https://doi.org/10.1128/AAC.04469-14
https://doi.org/10.1086/589304
http://www.ncbi.nlm.nih.gov/pubmed/21486730
https://doi.org/10.1111/crj.13171
https://doi.org/10.1111/crj.13171

