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Abstract
Amikacin liposome inhalation suspension (ALIS;  Arikayce®) [formerly known as liposomal amikacin for inhalation, or 
LAI] is a liposomal formulation of the aminoglycoside antibacterial drug amikacin. The ALIS formulation, administered via 
inhalation following nebulization, is designed to facilitate targeted and localized drug delivery to the lungs while minimizing 
systemic exposure. Based on the prespecified primary endpoint analysis of the ongoing phase III CONVERT trial, ALIS 
has been approved in the USA for use as part of a combination antibacterial drug regimen against Mycobacterium avium 
complex (MAC) lung disease that is treatment refractory (i.e. an active infection present despite ≥ 6 consecutive months of 
a multidrug regimen) in adult patients who have limited or no alternative treatment options. In the CONVERT trial, once-
daily ALIS as an add-on to guidelines-based therapy (GBT) significantly increased the odds of achieving sputum culture 
conversion by month 6 compared with GBT alone in patients with treatment-refractory MAC lung disease. The addition of 
ALIS to GBT was associated with an increased risk of respiratory adverse events compared with GBT alone; however, seri-
ous adverse events were experienced by a similar proportion of patients in the two treatment groups. In conclusion, although 
current evidence for efficacy is limited to microbiological outcomes (with clinical benefit yet to be established), available 
data suggest that ALIS is a useful option for the treatment of patients with MAC lung disease who have not responded to 
conventional therapy and for whom there are limited or no alternative treatment options available.
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Amikacin liposome inhalation suspension: clinical 
considerations in MAC lung disease 

A liposomal formulation of amikacin, administered once 
daily via inhalation following nebulization

Designed to facilitate targeted and localized drug deliv-
ery to the lungs while minimizing systemic exposure

As an add-on to guidelines-based therapy (GBT), ALIS 
significantly increases the odds of achieving sputum 
culture conversion compared with GBT alone

Acceptable tolerability; carries a black box warning per-
taining to a risk of increased respiratory adverse events 
(leading to hospitalizations in some cases)

1 Introduction

Non-tuberculous mycobacteria (NTM) comprise a group 
of widespread environmental bacteria that can cause infec-
tion at a range of sites throughout the body, particularly in 
individuals with impaired immunity or other risk factors 
[1, 2]. NTM lung disease, the most common manifestation 
of NTM infection, is a chronic, frequently progressive and 
potentially life-threatening condition. It most often occurs 
in individuals with chronic underlying lung disorders, such 
as bronchiectasis, chronic obstructive pulmonary disease 

(COPD), cystic fibrosis or prior tuberculosis. Clinical 
symptoms of NTM lung disease vary in intensity between 
individuals and are generally non-specific, but they com-
monly include a chronic cough, sputum production, fatigue 
and weight loss. Disease progression can lead to deterio-
rating lung function (often with permanent damage) [3], 
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reduced physical function and health-related quality of life 
[4], together with an increased risk of mortality [5, 6].

In developed countries, the prevalence of NTM lung 
disease has been increasing [7, 8]. In North America, 
annual rates of disease are approximately 5–10/100,000 
individuals [8], although the rates are much higher 
(> 40/100,000) in individuals aged ≥ 65  years [7, 8]. 
Approximately 80% of cases of NTM lung disease in the 
USA are caused by Mycobacterium avium complex (MAC) 
species (primarily M. avium and Mycobacterium intracel-
lulare) [9].

Treatment of NTM lung disease, including MAC infec-
tions, is challenging, with microbiological eradication typi-
cally requiring a multidrug antibacterial regimen over a pro-
longed period [1, 2]. American Thoracic Society (ATS) and 
Infectious Diseases Society of America (IDSA) guidelines 
for the treatment of MAC lung disease recommend that, for 
patients with macrolide-susceptible MAC isolates, treatment 
involves a three-drug regimen composed of a macrolide, 
ethambutol and a rifamycin (rifampin or rifabutin) [1]. The 
primary microbiological goal of therapy is 12 months of 
consistently negative sputum cultures while on treatment. 
For patients who fail to achieve sustained culture conversion, 
alternative therapeutic options are limited. ATS/IDSA treat-
ment guidelines recommend that for patients with advanced 
or previously treated disease a course of an intravenous 
aminoglycoside (streptomycin or amikacin) can be added 
to the regimen [1]. However, the utility of these intravenous 
aminoglycosides is often limited due to the risk of systemic 
toxicities, notably renal and auditory toxicities [1, 10, 11].

Amikacin liposome inhalation suspension (ALIS; 
 Arikayce®) [formerly known as liposomal amikacin for inha-
lation, or LAI] is a liposomal formulation of amikacin that 
was designed for nebulization and administration through 
inhalation, thereby facilitating targeted and localized drug 
delivery to the lungs while minimizing systemic exposure 
[12]. Based on the prespecified 6-month primary endpoint 
analysis of the ongoing, multinational, phase III CONVERT 
trial [13], ALIS has been approved by the US FDA (under 
the Limited Population Pathway for Antibacterial and Anti-
fungal Drugs) for use as part of a combination antibacterial 
drug regimen for the treatment of MAC lung disease in adult 
patients who have not achieved negative sputum cultures 
despite ≥ 6 consecutive months of a multidrug background 
regimen therapy and who have limited or no alternative 
treatment options [14]. ALIS is the first therapeutic agent 
to be approved in the USA specifically for the treatment of 
MAC lung disease.

This article reviews the therapeutic efficacy, safety 
and tolerability of ALIS in its use as add-on therapy for 
treatment-refractory MAC lung disease in adults. Relevant 
pharmacokinetic and antibacterial activity data are also 
summarized.

2  Antibacterial Activity

The antibacterial agent amikacin is a polycationic, semi-
synthetic, broad-spectrum aminoglycoside [14]. As for 
other aminoglycoside antibacterials, the primary mecha-
nism of action of amikacin involves binding of the 30S 
ribosomal subunit, leading to inhibition of bacterial pro-
tein synthesis [14]. Amikacin has well-established bacte-
ricidal activity against a broad range of bacterial species, 
including Gram-negative and Gram-positive species [15]. 
Of note, amikacin has displayed potent in vitro activity 
against clinical isolates of MAC and other NTM species 
[16, 17]. In a US study of 462 consecutive clinical MAC 
isolates, 96.2% of isolates had amikacin minimum inhibi-
tory concentrations (MICs) of ≤ 32 μg/mL and 48.9% of 
isolates had MICs of ≤ 8 μg/mL [16].

ALIS, the liposomal amikacin formulation, is able to 
penetrate M. avium biofilms in vitro and concentration-
dependently reduce viable cell counts at concentrations 
≥ 16 μg/mL [18]. It was also shown in an in vitro study 
that ALIS has activity against intracellular mycobacteria, 
effectively reducing cell counts of M. avium and Myco-
bacterium abscessus in infected macrophages [19]. Fur-
thermore, in the study, ALIS appeared to be more effec-
tive than free amikacin against intracellular M. avium and 
M. abscessus [19]. Uptake of ALIS into macrophages had 
no apparent detrimental effects on macrophage function 
in vitro [20].

In vivo activity of inhaled, nebulized ALIS against 
M. avium was demonstrated in a study using a mouse 
model of respiratory infection [19]. In the study, ALIS 
administered through inhalation was associated with a 
reduction in the M. avium burden in the mice that was 
comparable to that observed with parenterally adminis-
tered free amikacin [19]. Furthermore, in clinical trials in 
patients with treatment-refractory NTM lung disease, the 
addition of ALIS to guidelines-based therapy (GBT) was 
associated with higher response rates in microbiological 
endpoints compared with GBT alone (see Sect. 5).

2.1  Resistance

Development of resistance to amikacin has been observed 
infrequently. In mycobacteria, acquired resistance to ami-
kacin most commonly involves modification of the drug 
target via mutations in the 16S rRNA gene (e.g. A1408G 
mutation) [16, 17]. In the CONVERT phase III clinical 
trial (see Sect. 5.1), 23 (10.3%) of 224 patients in the ALIS 
plus GBT arm and 3 (2.7%) of 112 patients in the GBT 
alone arm had MAC isolates with a post-baseline ami-
kacin MIC > 64 μg/mL; 7 (26.9%) of these 26 patients 
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subsequently had MAC isolates with an amikacin MIC 
< 64 μg/mL [13]. Data on mutational resistance are not 
available for the CONVERT trial.

3  Drug Delivery

In the ALIS formulation, amikacin (i.e. the active compo-
nent) is encapsulated in liposomes composed of the natural 
lipids dipalmitoylphosphatidylcholine (DPPC) and cho-
lesterol [14]. ALIS liposomes are relatively small in size 
(~ 300 nm in diameter) [21] and have a targeted concentra-
tion of amikacin 70 mg/mL with a lipid-to-amikacin weight 
ratio in the range of 0.60–0.79 [14]. This high drug-to-lipid 
ratio, which is achieved through a proprietary process, was 
designed to provide efficient drug delivery and enables 
the recommended dose in MAC lung disease patients (see 
Sect. 7) to be administered in ~ 14 min [14].

ALIS is to be administered only using the Lamira™ 
Nebulizer System [14], a product-specific nebulizer based on 
Pari Pharma’s  eFlow® nebulizer [22]. The Lamira™ system 
has been optimized for the administration of the ALIS for-
mulation [22]. Compared with the original  eFlow® device, 
the holes in the aerosol head membranes of the Lamira™ 
system have a slightly different geometry. The Lamira™ sys-
tem also has a larger medication reservoir compared with the 
original  eFlow® [22].

During nebulization, ~ 70% of the amikacin dose remains 
encapsulated within liposomes while ~ 30% of the dose is 
released as free amikacin [13]. Thus, ALIS is delivered to 
the lungs as a combination of free and liposomal amikacin. 
When using ALIS with the Lamira™ system, the nebulized 
aerosol droplets have a mass median aerodynamic diameter 
of ~ 4.7 μm [14], within the respirable range (< 5 μm), ena-
bling good distribution in the lungs (see Sect. 4).

4  Pharmacokinetic Properties of ALIS

In patients with NTM lung disease, nebulization and inha-
lation of ALIS resulted in 43% of the loaded dose being 
deposited in the lungs [23]. ALIS liposomes distributed to 
both the central and peripheral lung regions (at a respec-
tive ratio of 2.05 immediately following dosing); however, 
deposition into cavitary and air-trapped areas appeared to be 
limited. One hour post dose, 79% of the initially deposited 
dose was retained in the lungs; 53% was retained at 24 h 
post dose [23]. Uptake of ALIS into macrophages has also 
been demonstrated, both in vitro and in vivo [18–20]. Com-
pared with free amikacin, ALIS was associated with fourfold 
increased amikacin uptake into human macrophages in vitro 
[18]. In a study in rats, ALIS inhalation was associated with 

five- to eight-fold increased amikacin uptake into alveolar 
macrophages in vivo relative to inhaled free amikacin [18].

With nebulization and inhalation, ALIS is delivered 
directly to the lung, resulting in post-dose sputum concen-
trations that are substantially higher than the peak concen-
trations  (Cmax) observed in serum (Table 1). High variabil-
ity [coefficient of variation (CV) > 100%] was observed in 
amikacin concentrations in sputum, with variation in ALIS 
bioavailability expected to primarily result from differences 
in nebulizer efficiency and the individual patient’s airway 
pathology [14]. By 48–72 h after a single dose of ALIS, spu-
tum concentrations of amikacin were ~ 5% of those observed 
1–4 h post dose [14].

Systemic exposures of amikacin after inhalation of ALIS 
are low (Table 1), with little to no accumulation following 
multiple once-daily doses [13, 22]. Notably, the serum  Cmax 
(4.4 μg/mL) and area under the concentration-time curve 
from 0 to 24 h (AUC 24; 46.5 μg·h/mL) upper range values 
observed in MAC lung disease patients (n = 12) following 
3 months of once-daily inhaled ALIS were markedly lower 
than the mean  Cmax (~ 76 μg/mL) and AUC 24 (154 μg·h/mL) 
values observed in healthy adult subjects following intra-
venous administration of amikacin sulfate at the approved 
dosage (15 mg/kg/day) [14].

Amikacin is not metabolized to any appreciable extent 
[14]. The apparent serum half-life of amikacin following 
administration of ALIS by inhalation in MAC lung disease 
patients ranged from ~ 5.9 to 19.5 h. Systemically absorbed 
amikacin is primarily eliminated via glomerular filtration. 
However, whereas urine excretion accounts for 94% of intra-
venously administered amikacin sulfate, only 7.4% of the 
ALIS total dose is excreted in urine, providing further evi-
dence that systemic exposure of amikacin following ALIS 
inhalation is low. Elimination of unabsorbed ALIS in the 
lungs likely occurs through cellular turnover and expectora-
tion [14].

Table 1  Sputum and serum exposures of ALIS

The table shows sputum and serum amikacin exposures with once-
daily inhalation of ALIS (590 mg) in Mycobacterium avium complex 
lung disease patients [14]
ALIS amikacin liposome inhalation suspension, AUC 24 area under the 
concentration-time curve from 0 to 24 h, Cmax maximum concentra-
tion

Sputum concentrations at 1–4 h post inhalation after dosing for:
 1 month 1720 μg/g
 3 months 884 μg/g
 6 months 1300 μg/g

Mean serum exposure after 3 months
 Cmax 2.8 μg/mL (range, 1.0–4.4 μg/mL)
 AUC 24 23.5 μg·h/mL (range, 8.0–46.5 μg·h/mL)
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5  Therapeutic Efficacy of ALIS

5.1  Pivotal Phase III CONVERT Trial

Evidence for the efficacy of ALIS as add-on therapy for 
treatment-refractory MAC lung disease is primarily drawn 
from the ongoing, randomized, open-label, multinational, 
phase III CONVERT trial [13]. Patients enrolled in CON-
VERT were adults (aged ≥ 18 years) with MAC lung dis-
ease and MAC-positive sputum cultures despite ≥ 6 con-
secutive months of stable GBT. Patients were required to 
have MAC isolates with an amikacin MIC ≤ 64 μg/mL on 
culture screening, whereas patients with MAC isolates with 
an amikacin MIC > 64 μg/mL were excluded. Other key 
exclusion criteria included cystic fibrosis, immunodeficiency 
syndromes, active pulmonary tuberculosis and neuromuscu-
lar disorders [13].

In the trial, 336 patients were randomized (2:1) to receive 
once-daily ALIS as add-on to GBT, or GBT alone [13]. 
ALIS (amikacin 590 mg) was administered through inhala-
tion using an investigational  eFlow® nebulizer; GBT was 
administered according to guideline recommendations. 
Sputum samples were collected monthly during the trial, in 
duplicate or triplicate [13].

The primary endpoint of the trial was the proportion 
of patients achieving culture conversion, defined as hav-
ing three consecutive monthly MAC-negative sputum cul-
tures (covering all samples collected), by month 6 [13]. For 
patients who achieved culture conversion and remained cul-
ture negative at month 6, study treatment was continued for 
12 months from the first month that defined culture conver-
sion. Patients who had not achieved culture conversion by 
month 6 left the trial at month 8, although they may have 
been eligible to enter an open-label extension study (see 
below). To account for multiplicity, secondary endpoints in 
CONVERT were assessed using a hierarchical procedure 
[13].

Patients in the CONVERT intent-to-treat population (224 
in the ALIS plus GBT group, 112 in the GBT alone group) 
had a mean age of 64.7 years [13]. In general, demograph-
ics and baseline characteristics were well balanced across 
the ALIS plus GBT and GBT alone groups, although there 
was a slight imbalance between groups in the proportion 
of female patients (73.7 vs. 60.7%, respectively) and in the 
median duration of MAC lung disease (4.5 vs. 3.3 years). In 
terms of underlying lung disease, 62.5% of patients overall 
had bronchiectasis only, 14.3% had COPD only and 11.9% 
had bronchiectasis and COPD. At enrolment, 89.9% of 
patients were receiving GBT or had stopped within the prior 
3 months; 66.3% of patients were on a regimen that included 
a macrolide, ethambutol and a rifamycin (with or without 
other GBT agents) [13].

Once-daily ALIS as an add-on to GBT was associated 
with a significant (p < 0.001) increase in the proportion of 
patients achieving sputum culture conversion in the CON-
VERT trial, with conversion rates by month 6 of 29.0% in 
the ALIS plus GBT group versus 8.9% in the GBT alone 
group (Table 2) [13]. In a posthoc analysis (available in 
a poster presentation [24]), culture conversion rates in 
the ALIS plus GBT group were generally similar across 
geographical regions [USA, 29/93 (31.2%); Japan, 9/34 
(26.5%); rest of the world, 26/81 (32.1%)], except in Asian 
countries other than Japan [1/15 (6.7%)] where lower 
patient numbers limit data interpretation. Culture conver-
sion rates in the ALIS plus GBT group were also similar 
across patient subgroups based on the MAC isolate amika-
cin MIC at baseline over the range of 8–64 μg/mL, ranging 
from 28.6 to 34.5% according to the posthoc analysis [13]. 
Among patients who had MAC isolates with post-baseline 
amikacin MIC > 64 μg/mL (see Sect. 2.1), 2 of 23 patients 
in the ALIS plus GBT group and 0 of 3 patients in the GBT 
alone group achieved culture conversion (although one of 
the patients who converted in the ALIS plus GBT group 
subsequently had a MAC isolate with an amikacin MIC 
> 64 μg/mL) [13].

For the first secondary endpoint under the hierarchical 
testing procedure, no significant difference was observed 
between the ALIS plus GBT and GBT alone groups in the 
change from baseline to month 6 in the six-minute walk 
test (6MWT) distance [least-squares mean (LSM) change, 
− 1.5 vs. + 1.5 m; p = 0.74] [13]. In contrast, a prespeci-
fied exploratory analysis in the overall study population 
(i.e. across both treatment groups) found that patients who 
achieved culture conversion did have an improvement in the 
6MWT distance from baseline to month 6 compared with 
non-converters (LSM change, + 16.8 vs. − 7.9 m; p = 0.011) 
[13].

Interim results (available in an abstract and poster pres-
entation [25]) from the CONVERT extension study support 
the findings of the main CONVERT trial. At the data cut-off 
for a prespecified interim analysis, 133 patients who had 

Table 2  Culture conversion by month  6 in the CONVERT trial 
[13]

ALIS amikacin liposome inhalation suspension, GBT guidelines-
based therapy, ITT intent-to-treat
*p < 0.001 vs. GBT alone
a Culture conversion defined as having three consecutive monthly 
Mycobacterium avium complex-negative sputum cultures by month 6

ALIS + GBT GBT alone Adjusted odds ratio

Total no. of patients 
(ITT population)

224 112

Patients with culture 
 conversiona (%)

65 (29.0*) 10 (8.9) 4.22 (95% CI 
2.08–8.57)
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not achieved culture conversion by month 6 in CONVERT 
(59 patients from the ALIS plus GBT group, 74 patients 
from the GBT alone group) had enrolled in the extension 
study [25]. In the extension study, patients who had been 
randomized to ALIS plus GBT in CONVERT continued the 
same treatment for another 12 months and patients who had 
been randomized to GBT alone had ALIS added to their 
therapy for 12 months. At the time of the interim analy-
sis, 3 (6.1%) of 49 assessable patients continuing on ALIS 
plus GBT and 17 (27.4%) of 62 assessable patients who had 
ALIS added to their therapy achieved culture conversion 
≤ 6 months into the extension study [25].

5.2  Phase II Trial

The potential of ALIS as add-on therapy to GBT in the 
treatment of MAC lung disease was earlier shown in a ran-
domized, double-blind, placebo-controlled, phase II proof-
of-concept study of ALIS in patients (n = 89) with treatment-
refractory NTM (MAC or M. abscessus) lung disease [26]. 
In the study, patients were randomized (1:1) to receive once-
daily ALIS or placebo (empty liposomes), to be added to 
their ongoing GBT for 84 days (double-blind phase), after 
which all patients could receive open-label ALIS plus GBT 
for an additional 84 days (open-label phase). Prior to ran-
domization, patients were stratified based on the presence 
(19% of patients) or absence (81%) of cystic fibrosis and 
the predominant mycobacterial species at screening [MAC 
(64%) or M. abscessus (36%)] [26].

Although the trial failed to meet its primary endpoint 
(change on a semiquantitative mycobacterial growth scale 
from baseline to day 84), in a secondary endpoint analy-
sis it was found that a greater proportion of patients ran-
domized to ALIS plus GBT [14/44 (31.8%)] than patients 
randomized to placebo plus GBT [4/45 (8.9%)] had negative 
sputum cultures at day 84 (p = 0.006) [26]. Overall, sputum 
culture conversion was achieved by 17 patients who had 
received ALIS in the trial (in either the double-blind or the 
open-label phase), with most cases occurring in non-cystic 
fibrosis patients with MAC infections. In contrast to what 
was observed in the CONVERT trial, ALIS treatment was 
associated with an improvement in the 6MWT distance com-
pared with placebo (change from baseline to day 84, + 20.6 
vs. − 25.0 m; p = 0.017) [26].

6  Tolerability of ALIS

Based on clinical trial data [13, 25, 26], ALIS (as add-
on therapy to GBT) has an acceptable tolerability profile 
in patients with treatment-refractory MAC lung disease. 
Treatment-emergent adverse events (TEAEs) observed in 

clinical trials [including in the pivotal phase III CON-
VERT trial (Fig. 1)] were most commonly respiratory in 
nature.

In the CONVERT trial (Sect. 5.1), > 90% of patients in 
both the ALIS plus GBT (98.2%) and GBT alone (91.1%) 
groups experienced one or more TEAEs, with 20.2% and 
17.9% of patients in the respective groups experiencing 
serious TEAEs [13]. In the ALIS plus GBT group 17.5% 
of patients experienced TEAEs that led to permanent dis-
continuation of ALIS. Six patients (2.7%) in the ALIS plus 
GBT group had TEAEs resulting in death compared with 
five patients (4.5%) in the GBT alone group [13]; one of 
the deaths in the ALIS plus GBT group (due to lung infec-
tion) was considered possibly related to ALIS treatment 
[22].

Respiratory TEAEs, mostly of mild to moderate severity, 
were reported in 87.4% of patients in the ALIS plus GBT 
group and in 50.0% of patients in the GBT alone group in 
CONVERT [13]. The US prescribing information carries 
a boxed warning that ALIS has been associated with an 
increased risk of respiratory adverse reactions, with events 
including hypersensitivity pneumonitis, haemoptysis, bron-
chospasm and exacerbation of underlying pulmonary disease 
reported at a higher frequency in patients treated with ALIS 
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Fig. 1  Most common treatment-emergent adverse events (occurring 
in ≥ 10% of patients in either treatment group) in the CONVERT trial 
[13]. ALIS amikacin liposome inhalation suspension, GBT guidelines-
based therapy
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plus GBT than in patients receiving GBT alone; some res-
piratory events in patients receiving ALIS led to hospitali-
zation [14]. If hypersensitivity pneumonitis occurs, ALIS 
should be discontinued; if other respiratory adverse events 
occur during use of ALIS, patients should be managed as is 
medically appropriate [14].

Ototoxicity-related adverse events have been observed in 
patients administered ALIS in clinical trials [14]. In CON-
VERT, ototoxicity-related events (i.e. deafness, dizziness, 
presyncope, tinnitus and vertigo) were reported in 17.0% of 
patients in the ALIS plus GBT group compared with 9.8% 
of patients treated with GBT alone. The imbalance observed 
between the groups was primarily driven by events of tin-
nitus (in 7.6 vs. 0.9% of patients in the respective groups) 
and dizziness (6.3 vs. 2.7%) [14].

Adverse events related to nephrotoxicity were observed 
infrequently in clinical trials investigating ALIS, with such 
events occurring in a similar proportion of patients (< 10% 
for combined nephrotoxicity-related TEAEs) in ALIS-
treated and control groups [13, 14, 25, 26]. Nonetheless, 
given the potential for nephrotoxicity with aminoglycosides, 
close monitoring may be required for patients treated with 
ALIS who have known or suspected renal dysfunction [14].

7  Dosage and Administration of ALIS

ALIS is approved in the USA for use as part of a combina-
tion antibacterial drug regimen for the treatment of MAC 
lung disease in adult patients who have not achieved negative 
sputum cultures despite ≥ 6 consecutive months of a multi-
drug background regimen therapy and who have limited or 
no alternative treatment options [14]. ALIS is supplied as a 
suspension (amikacin 590 mg/8.4 mL) in a unit-dose vial. 
The recommended dosage of ALIS is once-daily inhalation 
of the nebulized contents of one vial; only the Lamira™ 
Nebulizer System is to be used for nebulization. Patients 
who are using a bronchodilator should use the bronchodila-
tor prior to ALIS dosing. For patients with known hyper-
reactive airway disease, COPD, asthma or bronchospasm, 
pre-treatment with short-acting selective beta-2 agonists 
should be considered [14].

ALIS is contraindicated in patients with a known hyper-
sensitivity to any aminoglycoside [14]. Additionally, con-
comitant use of ALIS with medications associated with oto-
toxicity, nephrotoxicity or neurotoxicity should be avoided 
due to a potential risk of pharmacodynamic drug interactions 
(Sect. 6) [14]. Local prescribing information should be con-
sulted for full details regarding the use of ALIS, including 
further information on warnings and precautions and on the 
use of the Lamira™ Nebulization System.

8  Current Status of ALIS in MAC Lung 
Disease

GBT has been shown to be effective in the treatment of 
MAC lung disease, with a majority of patients responding 
to therapy, albeit with treatment-related adverse events fre-
quently a concern [27, 28]. However, for patients who fail 
to respond to conventional treatment, alternative therapeutic 
options are limited. Resectional surgery may be appropriate 
in some cases; however, guidelines regarding surgery are 
limited, and recommendations are largely based on expert 
opinion [1, 2]. In terms of the use of therapeutic agents, 
ATS/IDSA treatment guidelines (published in 2007) rec-
ommend that for advanced or previously treated MAC lung 
disease a course of intravenous streptomycin or amikacin 
can be used in addition to a standard three-drug regimen of 
a macrolide, ethambutol and a rifamycin [1]. However, the 
challenges of achieving effective drug concentrations at the 
site of infection while managing risks of systemic toxicities 
can limit the utility of these intravenous aminoglycosides in 
the treatment of MAC lung disease [1, 29].

The liposomal amikacin formulation ALIS was designed 
to facilitate targeted and localized drug delivery to the lungs 
while minimizing systemic exposure [12]. Preclinical stud-
ies demonstrated that ALIS can effectively penetrate MAC 
biofilms (Sect. 2), and that ALIS has enhanced uptake into 
alveolar macrophages (i.e. an important site where mycobac-
teria can survive and persist [30]) relative to free amikacin 
(Sect. 4), highlighting further potential benefits of the lipo-
somal formulation.

As demonstrated in the pivotal, randomized, phase III 
CONVERT trial in patients with treatment-refractory MAC 
lung disease, the addition of once-daily ALIS to GBT sig-
nificantly increased the odds of achieving sputum culture 
conversion by month 6 (Sect. 5.1). In CONVERT, ALIS 
appeared to have efficacy in the treatment of patients with 
MAC isolates with amikacin MICs in the range of 8 to 
64 μg/mL, whereas there was limited evidence of efficacy 
against isolates with an amikacin MIC > 64 μg/mL. Thus, 
determining the amikacin MIC of MAC isolates may be use-
ful for guiding treatment decisions relating to the use of 
ALIS [24].

Data from an earlier phase II trial (Sect. 5.2) and available 
data from the CONVERT extension study support the find-
ings from CONVERT (Sect. 5.1). Furthermore, the CON-
VERT and extension trials are ongoing, with final results 
awaited. Of particular interest will be data relating to the 
sustainability and the durability of the culture conversion 
response (i.e. respectively, the maintenance of culture-neg-
ative status during continued treatment, and after treatment 
is stopped) and data relating to any potential clinical benefit 
of ALIS treatment. One limitation of currently available 



561Amikacin Liposome Inhalation Suspension: A Review

data is that, although ALIS as add-on therapy to GBT was 
associated with a strong microbiological response, a clinical 
benefit of ALIS treatment is yet to be demonstrated, high-
lighted by the lack of a significant between-group differ-
ence in 6MWT results at 6 months in CONVERT (Sect. 5.1). 
However, a prespecified exploratory analysis involving the 
whole study population did show that culture conversion 
was associated with a significant improvement in 6MWT 
distance, indicating that there is a clinical benefit from 
achieving culture conversion and supporting the validity of 
culture conversion at month 6 as a meaningful surrogate 
endpoint. Furthermore, final results from the CONVERT 
trial are expected to include data on 6MWT results when 
assessed over a longer timeframe.

Another limitation of the CONVERT trial was that vari-
ation in methods used to assess lung disease at screening 
did not permit the analysis of outcomes in patients based on 
the presence or absence of cavitary disease [13]. The pres-
ence of cavitary disease has been associated with a reduced 
likelihood of response to treatment for MAC lung disease 
[1]. Furthermore, drugs administered through inhalation are 
more likely to have poor deposition into cavitary areas, as 
has been observed for ALIS (Sect. 4). In the phase II trial 
(Sect. 5.2), 76% of patients overall had evidence of cavitary 
disease (with or without primarily nodular bronchiectasis), 
including 11 (65%) of 17 patients who achieved sputum 
culture conversion having received ALIS [26]. Nonethe-
less, further investigation of the effectiveness of ALIS in 
the treatment of MAC lung disease patients with cavitary 
disease would be of interest.

Although limited to a relatively small number of patients 
(< 400 ALIS recipients), currently available clinical trial 
data suggest that ALIS (as add-on therapy to GBT) has an 
acceptable tolerability profile in patients with MAC lung 
disease (Sect. 6). The addition of ALIS to GBT was associ-
ated with an increased risk of respiratory adverse events 
compared with GBT alone. However, adverse events related 
to renal toxicity or ototoxicity (which are commonly associ-
ated with aminoglycoside systemic toxicity) were observed 
relatively infrequently and, with the exception of tinnitus and 
dizziness, were generally observed with similar incidences 
across treatment groups in CONVERT. Furthermore, phar-
macokinetic analyses indicate that there is little or no accu-
mulation of amikacin in serum with extended daily ALIS 
administration (Sect. 4).

In conclusion, given the limitations of currently available 
data on ALIS in terms of safety and clinical effectiveness 
(with evidence for efficacy being limited to microbiological 
outcomes and clinical benefit yet to be established), use of 
ALIS should be reserved for adult patients with MAC lung 
disease who have not responded to conventional therapy 
and for whom there are limited or no alternative treatment 
options available. However, in this limited population, ALIS 

appears to be a useful treatment option for consideration, 
particularly given that treatment-refractory MAC lung dis-
ease is a life-threatening condition.

Data selection drug name: 124 records identified 

Duplicates removed 21

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

28

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

45

Cited efficacy/tolerability articles 4

Cited articles not efficacy/tolerability 26

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were: amikacin lipo-
some inhalation suspension, Arikayce, Arikace, ALIS, nontu-
berculous mycobacterium. Records were limited to those in the 
English language. Searches last updated 04 March 2019.
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