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Clofazimine in Nontuberculous Mycobacterial Infections:

A Growing Niche
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Infection secondary to rapidly growing mycobacteria (RGM) is associated with significant morbidity and mortality, especially
in individuals with underlying structural lung disease or immune compromise. Such infections, particularly those caused by the
Mycobacterium abscessus group, are challenging to treat due to high virulence, antibiotic resistance, and the lack of effective and
tolerable therapies. Although novel antimycobacterials are under development, clofazimine—a drug historically administered as
part of multidrug therapy regimens for Mycobacterium leprae—holds promise as a chemotherapeutic for the treatment of RGM. The
history, pharmacologic properties of clofazimine, as well as in vitro and in vivo studies against RGM are described here and highlight

a potential new niche for an old drug.
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Over the past decades, nontuberculous mycobacteria (NTM),
particularly rapidly growing mycobacteria such as the
Mycobacterium abscessus group, have emerged as important
human pathogens. These organisms cause infections that are
often difficult to treat, have a high rate of recurrence, demon-
strate a high incidence of multidrug resistance, require pro-
longed treatment regimens, and can be associated high fatality
rates in certain populations [1-9]. Nontuberculous mycobac-
teria-associated pulmonary infections are the most common
and severe clinical manifestation, particularly in patients with
structural lung disease [4, 5, 10]. Until novel chemotherapies
with improved efficacy and tolerability become available, there
is a growing niche for the antileprosy drug clofazimine in the
treatment of pulmonary NTM.

NONTUBERCULOUS MYCOBACTERIA

Although Mycobacterium tuberculosis is the most widely rec-
ognized species of the genus mycobacteria, there is increasing
clinical interest in NTM. This is likely due to aging populations
in many countries, the recognition that NTM lung disease is
encountered with increasing frequency in the non-human
immunodeficiency virus (HIV) population, especially those
with bronchiectasis or impaired host immunity, as well as the
congruent growth in the worldwide HIV epidemic [4, 9-11].
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The expanding use of immunosuppressive drugs and improved
methodology for NTM isolation and identification from clini-
cal specimens heightens the importance of these infections in
medical practice [1, 4].

Taxonomy and Microbiology

In 1959, Runyon [12] proposed the first classification for NTM
species, categorizing human isolates of NTM into 4 groups based
on growth rate, colony morphology, and pigmentation: (1) M
tuberculosis complex, (2) Mycobacterium leprae, (3) rapidly
growing NTM, and (4) slowly growing NTM. Enhanced species
identification with nucleic acid probes, species-specific poly-
merase chain reaction, ribosomal ribonucleic acid sequencing,
high-performance liquid chromatography, and mass spectrom-
etry has decreased the reliance on the Runyon [12] classification
strategy as the sole means of species identification, although this
phenotypic testing strategy can provide a preliminary clue as to
the identity of an NTM in the early stages of diagnostic evalua-
tion [3, 4,7, 13, 14]. The taxonomic classification of certain spe-
cies has recently become more complex with the subspeciation
of M abscessus (now called the M abscessus group) into M absces-
sus subsp abscessus, M abscessus subsp massiliense, and M absces-
sus subsp bollettii based on antibiotic resistance phenotypes and
rpoB and erm(41) genotypes [3, 7, 13-15]. Although clinically
important, unfortunately, the required molecular methods for
such differentiation are not routinely available in most myco-
bacteriology laboratories, identification can be challenging even
in laboratories with the most advanced diagnostic tools, and no
codified or authoritative guidelines exist for “official” taxonomic
designations [7, 14]. Currently, more than 150 NTM species
have been identified [13].

Epidemiology and Disease
Most NTM species are ubiquitous in the environment world-
wide and can cause colonization, pseudo-outbreaks in

Clofazimine in NTM Infections « OFID « 1


mailto:mcguffin@uw.edu?subject=

healthcare settings, and infection [4, 5, 10]. Reports of NTM
infection have increased worldwide over the last 2 decades,
an increase which exceeds that expected due to improved
detection and diagnosis alone [5, 16]. In the United States,
the most frequently reported clinically significant species are
Mycobacterium avium complex (MAC), M abscessus group,
Mycobacterium fortuitum, and Mycobacterium kansasii [4,
10, 16]. The pathologic potential of these mycobacteria is
influenced by the immunologic status of the patient, the site
of infection, and the presence of underlying structural/ana-
tomic disease [4, 9, 10]. Recent reports suggest that in many
areas of the United States, the prevalence of NTM pulmonary
disease exceeds that caused by M tuberculosis [1, 4, 5, 9, 11].
Pulmonary disease is the most common clinical manifestation
and most frequently occurs in older adults and individuals with
underlying structural lung disease (chronic obstructive pulmo-
nary disease, bronchiectasis, cystic fibrosis, pneumoconiosis)
[1, 4, 6, 10, 11]. Symptoms, physical examination findings,
and imaging are nonspecific, and thus the American Thoracic
Society/Infectious Diseases Society of America diagnostic cri-
teria are key when evaluating a patient with suspected NTM
lung disease [4]. Other clinical manifestations include dis-
seminated disease, ophthalmic infections, localized skin and
soft-tissue infections, central nervous system infections, otitis
media, lymphadenitis, and abdominal infections [2, 4, 9, 16].

The Need for New Antimicrobials

Although MAC is the mycobacterial pathogen most com-
monly isolated from respiratory samples, infection secondary
to rapidly growing NTM, especially the M abscessus group,
is particularly challenging due to high virulence, antibiotic
resistance, and the lack of effective and tolerable therapies [1,
3-5, 7]. Not every positive culture for NTM requires treat-
ment, but there have been numerous reports of clinical deteri-
oration and death associated with persistent recovery of NTM,
particularly M abscessus group from lower respiratory speci-
mens [4]. The overall paucity of successful treatment options
is particularly daunting because M abscessus group represents
up to 18% of NTM respiratory isolates in patients with cystic
fibrosis [4].

There is little published information regarding treatment
options for pulmonary infections secondary to M abscessus
group, and no antibiotic regimens, even based on in vitro
susceptibilities, have been shown to reliably produce clini-
cal response or long-term sputum conversion [3-5, 15-17].
Mycobacterium abscessus group is uniformly resistant to the
standard antituberculous agents [3, 4]. Inducible macrolide
resistance undermines the cornerstones of treatment of other
NTM pulmonary infections such as MAC and M kansasii [3-5,
7]. Most mycobacteria are intrinsically resistant to glycopep-
tides such as vancomycin [16]. Intrinsic resistance to B-lactams,
acquired resistance to tetracyclines, and intrinsic and acquired
resistance to fluoroquinolones have also been observed [7, 16].

Although antibiotics such as linezolid and tigecycline have
moderate in vitro activity against M abscessus group, in vivo
studies have yielded disappointing results (Table 1), and long-
term administration is frequently associated with intolerable
side effects [3, 4]. The only predictably curative therapy for
“focal” pulmonary disease due to M abscessus group consists
of surgical resection of the involved lung combined with mul-
tidrug chemotherapy therapy [4, 16]. Currently, recommended
multidrug regimens consist of amikacin plus cefoxitin or imipe-
nem and an oral macrolide (if sensitive) for at least 2-4 months
[4, 5, 7]. However, acquired and intrinsic aminoglycoside and
macrolide resistance exists, and the significant side effects and
toxicities common with aggressive and prolonged parenteral
therapy limit long-term use and tolerability [3, 4, 7, 16, 17].
Currently, the Clinical and Laboratory Standards Institute
recommends in vitro testing with amikacin, cefoxitin, cipro-
floxacin, clarithromycin, doxycycline, sulfamethoxazole, and
imipenem against all RGM [4, 16, 18].

Cure rates of pulmonary M abscessus group disease range
from 30% to 50% [17]. Given the current lack of viable antibi-
otic options, many experts view pulmonary infection with M
abscessus group as (1) a chronic and incurable infection for most
patients and (2) an area in need of new antimicrobial agents [4,
5]. Although novel antimicrobials are under investigation, an
old drug may fill this emerging need in the treatment of NTM
pulmonary disease.

CLOFAZIMINE

Discovery

In 1957, Barry and colleagues [19, 20] described a new series of
pigments derived from lichens that demonstrated high antitu-
berculous activity. The agents were called riminophenazines for
their phenazine core and imine moiety, and the most potent
of these agents was B-663 [19, 20]. The pharmaceutical com-
pany Novartis subsequently further developed B-663 and sold
it under the International Nonproprietary Name clofazimine
(brand name Lamprene). Despite high activity against M tuber-
culosis in vitro and in mouse infections, good oral absorption in
a micronized form, and deposition and persistence in adipose
and cells of the reticuloendothelial system, the compound was
found to be ineffective against tuberculosis in humans [19, 21].
When Browne and Hogerzeil [22] theorized that a compound
such as clofazimine that accumulates inside macrophages
would be effective against “intracellular diseases” such as lep-
rosy, its current role as a staple in the treatment of leprosy was
realized. In 1982, a World Health Organization (WHO) Study
Group recommended treating multibacillary leprosy with a
multidrug regimen consisting of dapsone, rifampicin, and clo-
fazimine [23].

Mechanism of Action
Clofazimine possesses both antimicrobial and anti-in-
flammatory properties [21]. It is active against both slowly
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Table 1. In Vitro Studies of Clofazimine Activity Versus Nontuberculous Mycobacteria

Study Mycobacteria Drug
Ausina et al [47] Mycobacterium fortuitum Clofazimine
(N =28)
Mycobacterium chelonae Clofazimine
subsp chelonae (N = 13)
Mycobacterium fallax Clofazimine
(N =10)
Shen et al [2]*  Mycobacterium abscessus Clofazimine
group
(N =117 or 40)
Amikacin
Clofazimine + amikacin
M fortuitum Clofazimine
(N = 48) Amikacin
Clofazimine + amikacin
M chelonae Clofazimine
(N = 20) Amikacin

Clofazimine + amikacin

van Ingen etal M abscessus subsp abscessus  Clofazimine
[48)° (N =342)

Amikacin
Clofazimine + amikacin
(N = 68)
M abscessus subsp bollettii Clofazimine
(N'=48) Amikacin
Clofazimine + amikacin
(N=9)
M chelonae Clofazimine
(N'=57) Amikacin
Clofazimine + amikacin
(N=5)
M fortuitum Clofazimine
(N'=44) Amikacin
Clofazimine + amikacin
N=1)
Singh et al [49)° M abscessus group Clofazimine
(N'=42) Tigecycline

Clofazimine +
tigecycline

MIC Range (ng/mL) MIC,, (ug/mL Clofazimine) Notes
<0.25-1 0.5
<0.25-8 1
<0.25-5 0.5
<0.03125-2 0.25 99.1% of isolates with MIC
(N =117) (N =117) <Tpg/mL
0.25-0.5
(N = 40)
4-64 (N = 40)
<0.03125 Synergism seen in 100% of
(N = 40) isolates
0.125-8 0.25 91.7% with MIC <1 pg/mL
0.5-8
<0.03125-4 Synergism seen in 6.25% of iso-
lates (no interaction in 91.75%
of isolates)
0.25-0.5 0.5 100% with MIC <1 pg/mL
4-16
<0.03125 Synergism seen in 100% of
isolates
<0.5
16
<0.5 Synergism seen in 82% of
isolates
<0.5
<0.5 Synergism seen in 67% of
isolates
<0.5
<0.5 Synergism seen in 80% of
isolates
< Synergism seen in 100% of
isolates
2 (N =42)
4 (N =42)
0.03-4 Synergism seen in 42% of
(N =19) isolates

Abbreviations: MIC, minimum inhibitory concentration; MIC,,, MIC 50%; subsp, subspecies.

For synergy testing, Shen et al [2] used amikacin concentrations of one fourth the amikacin MIC, van Ingen et al [48] used amikacin concentrations of 2 pg/mL, and Singh et al [49] used
tigecycline concentrations of 4 pg/mL. In all studies, not all isolates of mycobacterium underwent synergy testing.

growing and rapidly growing mycobacteria and most Gram-
positive bacteria in vitro [21, 24]. The exact mechanism(s) of
antimicrobial action have yet to be fully elucidated, although
the cell membrane seems to be the primary site of action
[21]. One putative mechanism of action theorizes that the
molecule stimulates phospholipase A, activity, resulting in
an accumulation of detergent-like lipophospholipids and
thus disrupting fundamental cellular functions [21, 24, 25].
It is also proposed that clofazimine may disrupt cell mem-
branes via interaction with intracellular redox cycling,
leading to the generation of antimicrobial reactive oxygen
species [21, 25]. It has also been hypothesized to inhibit cell

replication by binding to the guanine bases of deoxyribonu-

cleic acid [25].

Pharmacokinetics/Pharmacodynamics

Due to its lipophilic nature, clofazimine accumulates in mac-
rophages and adipose cells, thus conferring a long half-life of
65-70 days and an important role as an antimicrobial agent for
the treatment of mycobacterial diseases that require prolonged
courses of therapy [2, 26]. It also accumulates in the adrenals,
heart, liver, pancreas, kidney, spleen, bone marrow, and lam-
ina propria of the jejunum [21, 27, 28]. Oral absorption varies,
ranging from 45% to 62%, and is increased when taken with
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food [27, 28]. Clofazimine is metabolized by glucoronidation
in the liver, partially excreted via the bile, and only minimally
excreted in the urine, sputum, sebum, and sweat [25, 27, 28]. It
does not cross the blood-brain barrier but does cross the pla-
centa and is excreted in breast milk [21, 24, 25, 27, 28]. It is
Pregnancy Category C, but there is a paucity of reports of use
for multidrug-resistant tuberculosis (MDR-TB) in pregnancy,
and scant data exist for later life teratogenicity [27-31]. Within
the noted case reports, only 5 pregnant patients with MDR-TB
received clofazimine as part of multidrug therapy, and all infants
were considered normal at birth [29, 30]. No significant issues
have been reported with clofazimine use as part of multidrug
therapy for leprosy during pregnancy [31]. There are no known
significant drug-drug interactions.

Uses

In the United States, clofazimine is currently only approved by
the US Food and Drug Administration (FDA) for the treat-
ment of leprosy [27, 28, 32]. In the United States, the National
Hansen’s Disease Program (NHDP) protocol for the treatment
of multibacillary leprosy differs both in dosage and dura-
tion from the WHO recommendations (rifampicin 600 mg
daily, dapsone 100 mg daily, and clofazimine 50 mg daily for
24 months vs rifampicin 600 mg once a month, dapsone 100 mg
daily, clofazimine 50 mg daily, and 300 mg once a month for
12 months) [33, 34]. However, clofazimine is not commercially
available in the United States and has until recently necessi-
tated an Investigational New Drug (IND) request directly to the
FDA (32, 34, 35]. It has also (1) been used in combination with
other antimicrobials in the treatment of MAC and (2) as sec-
ond-line treatment of MDR-TB and extensively drug-resistant
TB (XDR-TB) [24, 36-45]. Although previously categorized as a
WHO Group 5 drug (one with unclear efficacy), clofazimine is
now part of Group C after its importance was underscored when
van Deun and colleagues [26, 38, 45] demonstrated its efficacy as
part of a shorter regimen for MDR-TB, previously known as the
Bangladesh regimen. Due to its anti-inflammatory properties,
clofazimine has also been used and/or investigated for use in
neutrophilic dermatoses, severe pyoderma gangrenosa, dissem-
inated granuloma annulare, idiopathic panniculitis nodularis,
and autoimmune diseases, plus lymphocytic dermatoses such
as discoid lupus erythematosus [21, 25, 46]. The mechanism for
this immune modulation has not been elucidated.

Adverse Effects

Skin, hair, and corneal changes typically involve reddish to brown-
ish-black to even an orange-pink discoloration. The dyschromia
is more apparent in fair-skinned individuals exposed to sunlight.
Although slowly reversible, the discoloration may take months to
years to resolve [21, 25, 26]. Breast milk, feces, sweat, and urine
may become discolored. Relatively common (reported in >10% of
patients) adverse reactions include gastrointestinal (GI) disorders

(nausea, vomiting, abdominal pain, diarrhea), ichthyosis, and
dry skin [21, 27, 28, 32]. Decreased visual acuity, eye irritation/
dryness, rash or pruritus, and weight loss occur in 1% to 10% of
patients. Less common but more serious adverse effects include
enteropathy potentially complicated by intestinal obstruction,
GI bleeding, and splenic infarction. The usual leprosy treatment
dose is 50 mg daily. Clofazimine has an additional important
immunomodulation benefit via the suppression of the Type 2
reaction of erythema nodosum leprosum (ENL) in the treatment
of leprosy. Clofazimine takes 4-6 weeks to saturate the reticulo-
endothelial system to yield this immunosuppressive benefit. Up
to 300 mg daily can often be tolerated for the treatment of ENL,
but 100 mg daily is the usual dose due to GI intolerance [27, 28,
33, 34]. Higher doses given beyond 4 months may lead to crystal
enteropathy and malabsorption. This side effect usually presents
with diffuse vague and/or severe abdominal discomfort. Imaging
studies usually show edema of the small bowel with effacement of
the mucosa. Discontinuation of the drug usually leads to a rela-
tively rapid improvement, although in exceptional circumstances
the enteropathy has been fatal [27, 39, 40]. Long-term use as with
leprosy often leads to edema of the lower legs. The mechanism
may be due to crystal deposition within the lymphatics.

Although adverse effects involving the integumentary and GI
systems are not uncommon and have been reported to occur
in approximately one third of patients taking clofazimine for
the treatment of mycobacterial infections, the severity is not
typically significant enough to prompt discontinuation of clo-
fazimine [24, 26, 32, 35, 39, 40].

NICHE FOR CLOFAZIMINE WITH NONTUBERCULOUS
MYCOBACTERIA

The rate of lung infection with NTM, especially RGM such as M
abscessus group, appears to be increasing and is associated with
significant morbidity and mortality, especially among patients
with underlying structural lung disease such as cystic fibrosis [4-
6, 10]. Despite this, the cure rate remains dismal even with pro-
longed treatment using various multidrug regimens. Although a
few laboratories are working on the development of novel anti-
mycobacterial agents, the focus is generally on antituberculous
agents. There exists a niche for the use of clofazimine against
RGM, especially M abscessus group, as evidenced by the in vitro
and in vivo results reported by multiple investigators. Of note,
many researchers report inconsistency in minimum inhibitory
concentration (MIC) results, and the relationship between in
vitro susceptibilities and clinical response is still under investiga-
tion [4, 5, 15-17]. A possible explanation may be that clofazimine
saturates many of the body tissues and has a long half-life leading
to a concentration considerably higher than the NTM MIC.

In Vitro Studies
Early in vitro studies revealed that rapidly growing mycobac-
teria were susceptible to clofazimine [47]. In the last 10 years,
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3 large in vitro studies of clofazimine against RGM isolates
showed excellent results. Shen et al [2] reported an MIC of
<1 pug/mL in 180 isolates of M abscessus group, M fortuitum,
and Mycobacterium chelonae and noted synergism between
clofazimine and amikacin. van Ingen et al [48] found that
97% of 564 isolates of 21 species of RGM had an MIC <1 pug/
mL and also observed synergism between clofazimine and
amikacin. Singh et al [49] found clofazimine to have the low-
est MIC 50 among 7 antibiotics studied on 67 isolates of M
abscessus group and noted synergism between clofazimine
and tigecycline.

In Vivo Studies
In fly models, clofazimine extended the lifespan of Drosophila
infected with M abscessus group by 2-3 days in comparison to
control groups that received no treatment [50]. However, the
results with clofazimine were not as impressive as those observed
with tigecycline, followed by clarithromycin and linezolid.
Obregén-Hanao et al [5] demonstrated in mice lacking inter-
feron-gamma that clofazimine treatment afforded a statisti-
cally significant reduction in the bacterial burden in the lung,
spleen, and liver after 8 days of treatment. These anti-mycobac-
terial effects were augmented by the addition of bedaquiline.
Significant reduction in bacterial burden in the lungs was not
seen when amikacin, clarithromycin, or ciprofloxacin alone were
used for 8 days. In severe combined immunodeficiency mouse
models (lacking functional lymphocytes and natural killer cells),
treatment with clarithromycin, clofazimine, or bedaquiline
each individually significantly reduced bacterial burden in the
lung, spleen, and liver. Again, the most significant reduction
was observed with the combination treatment of clofazimine
and bedaquiline together. However, it is also worth noting that
other studies have demonstrated low-level cross-resistance
between clofazimine and bedaquiline in M tuberculosis due to
mutations in the rv0678 gene, a regulator of the MmpL5 and
MmpS5 multisubstrate efflux pumps, and/or mutations within
the aminopeptidase gene pepQ (rv3525c) [24, 51-53]. Per Basic
Local Alignment Search Tool (BLAST) search, PepQ, MmpLS5,
and MmpS5 homologs exist in a number of other mycobacte-
ria including M fortuitum, Mycobacterium intracellulare, and M
leprae, and thus similar mutations could confer cross-resistance.
A recent retrospective review by Yang et al [54] examined the
clinical, radiographic, and microbiologic outcomes of patients
with M abscessus group lung disease who received clofazimine
as part of an initial or salvage multidrug regimen. They found
that after 12 months of a clofazimine-containing regimen, 81%
of patients exhibited treatment response based on symptomatic
improvement, 31% demonstrated radiographic improvement,
and 24% achieved sputum-negative culture conversion. These
improvements were all greater in the group receiving clo-
fazimine as part of an initial drug regimen, although not always
to a degree that was statistically significant. Another group

evaluated quality of life of patients undergoing treatment for M
abscessus group lung disease and found that although quality of
life was improved at various follow-up time points, and posi-
tively associated with an isolate susceptible to imipenem-cilas-
tin and with lung resection surgery, there was neither a positive
nor negative association with clofazimine use or any other of
the other evaluated antibiotics [55]. There is limited additional
data regarding clinical outcomes of patients with M abscessus
group pulmonary disease treated with clofazimine [8, 56].

Clofazimine-containing regimens have also been used and
studied in the treatment of MDR-TB and XDR-TB, and they
were found to promote cavity closure, accelerate sputum culture
conversion, and improve treatment success rates [26, 32, 40, 41,
45]. Clofazimine has also been evaluated in the treatment of
MAC lung disease and bacteremia. Clinical results have been
inconsistent, although additional clinical trials are underway
[36, 42-44, 57].

Synergy

Numerous studies suggest a synergistic effect between clo-
fazimine and other antimicrobials such as amikacin, tigecycline,
clarithromycin, isoniazid, ethambutol, pyrazinamide, linezolid,
and bedaquiline against various species of both rapidly growing
and slowly growing NTM [2, 5, 17, 24, 32, 49, 58, 59]. A biologic
explanation may be that via its cell wall-destabilizing properties,
clofazimine allows for increased influx of other antibiotics with
intracellular targets [17, 40]. In addition, clofazimine may help
prevent acquired resistance to aminoglycosides and macrolides
by preventing point mutations in drug targets and activation of
drug-efflux pumps [58]. The optimum combination of antimi-
crobials remains to be established, and this likely varies with
the species/subspecies in question, the anatomical site involved,
and the immune status of the patient.

Difficulty Obtaining

Since 2004, clofazimine has not been available in the United
States for any FDA-approved indication other than treatment
of leprosy, except via a single-patient IND process with the
FDA, and then the drug has been distributed by the NHDP
[35]. As of January 2017, Novartis and the FDA have agreed
to an “intermediate-sized” IND protocol, which may simplify
the process. Interested healthcare providers begin by contact-
ing Novartis directly (1-888-669-6682). The process remains
burdensome. In addition to completing paperwork required by
Novartis and the FDA, physicians must obtain written consent
from patients and approval from an Institutional Review Board
because the prescription is considered to be experimental for
this off-label purpose. In most cases, delivery of the medication
takes approximately 2 weeks from approval of the application.
Clofazimine is not approved for children or pregnant patients
on this IND. Male and female patients must be using highly
effective birth control during and up to 4 months after stop-
ping treatment. From January 1, 2005 through the end of 2011
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the FDA approved 649 single patient IND applications for the
treatment of NTM [35]. Data regarding the new Novartis IND
protocol are not available.

CONCLUSIONS

Nontuberculous mycobacteria disease is increasing in prev-
alence and represents an important health issue, particularly
for predisposed individuals. Advances are needed in the
treatment of nearly all NTM infections, particularly RGM
such as M abscessus group, to provide more effective, sim-
ple, and tolerable treatment options. The repurposing of the
“old” drug clofazimine may fill this niche. Given the multi-
tude of clinical variables possible (NTM species/subspecies,
site of infection, patient immune status and comorbidities,
accompanying antimicrobials, adjunctive nonpharmacologic
therapies, etc.), need for long-term follow-up, and limits of
the observational studies performed to date, additional stud-
ies are needed to help elucidate this potential new role for
clofazimine. The efficacy and safety of clofazimine should
be further tested as part of multidrug regimens for the treat-
ment of RGM.
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