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Abstract
AIM
To systematically review literature for management of
alpha-1 antitrypsin deficiency (AATD) panniculitis.

Conflict-of-interest statement: Edgar RG has received noncommercial research funds from Grifols Biotherapeutics. Edgar
RG reports grants from Health Education England (HEE) and the
National Institute for Health Research (NIHR), outside the scope
of this study.

METHODS
Multiple databases were searched using combinations
of pertinent terms. Articles were selected describing
panniculitis treatment in patients with AAT < 11 μmol
and/or PiZZ genotype, with no language limitation. All
relevant articles were accessed in full text. Independent
review of abstracts and full manuscripts was conducted
by 2 reviewers, and quality assessment by one reviewer
(checked by a second). Data extraction was conducted by

Data sharing statement: This is not applicable to this review as
only data from published works were processed and reviewed.
Open-Access: This article is an open-access article which was
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which can result from various causes and presents
as tender, erythematous or pigmented skin nodules.
Although the diagnosis is established with a skin biopsy,
additional work-up is usually needed to investigate for
[1]
the underlying cause . Panniculitis is associated with
a variety of conditions, including alpha-1 antitrypsin
[2]
deficiency (AATD), erythema nodosum and vasculitis .
Classically, panniculitis due to underlying AATD has
potentially distinguishing features, namely preference
of lesions to the lower trunk and thighs, precipitation by
trauma, and release of more oily yellow discharge than
is otherwise seen[3,4]. A skin biopsy displaying excessive
fat necrosis and dense neutrophil infiltration into the
dermis and connective tissue, alongside low alpha-1
antitrypsin (AAT) level and genotyping, confirms the
diagnosis.
AATD is a rare, autosomal co-dominant genetic
disorder that increases the risk of emphysema, liver
cirrhosis, systemic vasculitis, and less frequently
panniculitis[5]. These complications are caused by the
same underlying pathophysiological process; AAT is
produced in the liver, and to a lesser degree in the lung,
pancreas, colon and cornea. It controls the inflammatory
cascade by regulating proteolytic enzymes such as
neutrophil elastase[5] and proteinase 3[6]. Deficiency
in AAT gives rise to unopposed proteolytic enzyme
activity, inducing inflammatory processes in various
body tissues, thus leading to the aforementioned clinical
manifestations.
The AAT gene (SERPINA1) is on chromosome 14, and
over 100 allelic variants are known[5]. In AATD, mutations
in SERPINA1 lead to the production of misfolded
and dysfunctional AAT proteins; depending on their
electrophoretic mobility, allelic variants are referred to as
M (medium), S (slow) or Z (very slow). The genotype
is referred to as Pi followed by the two letters of the
alleles, such that normal is PiMM. The most common
genotype observed in symptomatic patients is PiZZ (70%
of cases); other allele combinations include PiMZ, PiMS,
PiSS, PiSNull and PiSZ, which all have varying phenotypic
manifestations, often dependent on co-factors such as
[7,8]
cigarette smoke exposure for lung disease .
The association of AATD with panniculitis was first
reported in 1972, although it remains a relatively rare
complication. As a result, there is still great uncertainty
with regards to management. Hence, the aim of this
study is to systematically review the evidence for
treatment of panniculitis in AATD.

one reviewer (checked by a second). Narrative synthesis
only was conducted, as data were unsuitable for metaanalysis.
RESULTS
Thirty-two case reports and 4 case series were found.
Augmentation therapy (infusions of plasma-derived AAT)
was the most successful, with complete resolution of
symptoms in all patients. Dapsone is a less expensive
option, and it achieved clinical resolution in 62% of
patients, but it is very poorly tolerated. Among other
single-agent antibiotics, doxycycline was the most
successful with complete clinical resolution seen in
33% of patients. Immunosuppressants were largely
unsuccessful; 80% of patients exhibited no response.
Liver transplantation and therapeutic plasma exchange
displayed complete resolution in 66% of patients. Other
strategies, such as non-steroidal anti-inflammatory drugs
or antibiotics other than dapsone did not show sufficient
response rates to recommend their use. Authors note the
risk of bias imposed by the type of evidence (case reports,
case series) available in this field.
CONCLUSION
Dapsone is the recommended first line therapy for AATD
panniculitis, followed by augmentation therapy. Plasma
exchange may be an alternative in the setting of rapidly
progressive disease.
Key words: Alpha-1 antitrypsin deficiency; Dermatological
treatment; Panniculitis; Dapsone; Augmentation therapy
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is limited evidence regarding treatment of
alpha-1 antitrypsin deficiency (AATD)-related panniculitis.
This study aims to systematically review literature for
management of AATD-related panniculitis. The most
effective treatment is augmentation therapy. Dapsone
shows moderate success, but is significantly cheaper and
easier to administer. Other treatments have shown limited
benefit. Recommended first line therapy for AATD-related
panniculitis is dapsone, followed by augmentation therapy.
Plasma exchange may be an alternative in the setting
of rapidly progressive disease, if augmentation were not
available.
Sabbagh DK, Barmayehvar B, Nguyen T, Edgar RG, Turner
AM. Managing panniculitis in alpha-1 antitrypsin deficiency:
Systematic review of evidence behind treatment. World J
Dermatol 2018; 7(1): 1-8 Available from: URL: http://www.
wjgnet.com/2218-6190/full/v7/i1/1.htm DOI: http://dx.doi.
org/10.5314/wjd.v7.i1.1

MATERIALS AND METHODS
Search strategy

This review was part of a wider review of all management
strategies for AATD and is registered on PROSPERO
(PROSPERO 2016: CRD42016040142). The following
electronic databases were searched using a strategy
which combined textwords and index terms: MEDLINE
(Ovid), MEDLINE In Process (Ovid), EMBASE (Ovid),
Cochrane Library (Wiley) CENTRAL, CDSR, HTA, EED and

INTRODUCTION
Panniculitis is inflammation of subcutaneous fat tissue,

WJD|www.wjgnet.com
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Records identified through database searching for all
AATD treatments (n = 7298)

Records pertaining to treatment of panniculitis (n = 127)

Duplicate records
removed (n = 9)

Title and abstract screened (n = 118)

Did not meet eligibility
criteria (n = 73)

Full-text articles obtained for assessment (n = 45)

Did not meet eligibility
criteria (n = 14)

Full-text articles included (n = 31)

Figure 1 PRISMA flow diagram. A graphical representation of the flow of eligible citations through the separate phases of this systematic review’s exclusion criteria,
resulting in 36 articles suitable for inclusion. AATD: Alpha-1 antitrypsin deficiency.

Turner and checked by Ross G Edgar; since we did not
find any manuscripts concerning designs other than
case reports, case series or non-systematic reviews
a formal scale to do this was inappropriate. For each
study, data on study type, publication year and country,
patient demographics, phenotype, serum AAT levels,
time from start of symptoms to presentation, total time
from admission to resolution, attempted treatments,
response and duration of follow-up for each treatment,
final outcome, side effects and complications were
extracted by one reviewer (Donah K Sabbagh) and
checked by another (BS or TN).

DARE databases. In addition, Conference Proceedings
Citation Index (CPCI) via Web of Science and British
Library’s ZETOC were searched for proceedings and
abstracts, and Clinical Trials.gov and WHO ICTRP (Inter
national Clinical Trials Registry Platform) were searched
for ongoing trials. No language or date restrictions were
applied. Any study design was eligible for inclusion
if it reported a management strategy for panniculitis
in an individual with AATD (confirmed by a serum
AAT level of < 11 μmol/L or < 75% of lower limit of
normal (approximately 0.9 g/L), and/or confirmed PiZZ
genotype). Non-systematic reviews were excluded, as
were studies in heterozygotes with intermediate levels
(e.g., PiMZ, PiMS), or where the level and genotype were
not reported. Full search strategies are shown in the
supplement.

Evidence synthesis

The nature of the data meant that only narrative
synthesis was performed. Data was summarised for each
treatment in terms of complete, partial or no response.

Study selection, quality assessment and data extraction

Titles and abstracts of retrieved articles were screened
by two reviewers independently (Behrad Barmayehvar
and Thanh Nguyen), involving a third reviewer (Alice
M Turner or Ross G Edgar) where required. Eligible
articles were subsequently obtained and assessed
against the full selection criteria independently (BS, TN
or DS). Quality assessment was conducted by Alice M

WJD|www.wjgnet.com

RESULTS
Thirty-two case reports and 4 case-series, encompassing
42 patients were found (see PRISMA diagram, Figure
1). Panniculitis was described more commonly in female
patients, and generally presented when patients were in
their 30 s. The majority of the studies were performed
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Table 1 Characteristics of patients studied and their response to treatment

Dapsone
Single-agent antibiotics
Immunosuppressants
Augmentation
Antibiotics and steroids
Combination antibiotics
NSAIDs
Liver transplant
Plasma exchange
No treatment
Other

Total, n
(male)

Age, median
(range)

21 (5)
21 (9)
21 (8)
12 (2)
10 (2)
9 (4)
8 (2)
3 (2)
3 (1)
2 (1)
13 (4)

33 (13-65)
33 (7-62)
33 (13-65)
33 (16-65)
34 (32-42)
24 (20-62)
32 (16-65)
56 (53-57)
33 (23-33)
34 (7-62)
42 (26-62)

Response, n (%)
Complete

Partial

13 (62)
4 (19)
3 (14)
12 (100)
1 (10)
1 (13)
2 (67)
2 (67)
2 (15)

4 (19)
1 (5)
3 (30)
1 (13)
1 (33)
2 (100)
1 (8)

Ref.

None

Not tolerated

4 (19)
13 (62)
16 (76)
6 (60)
9 (100)
6 (75)
1 (33)
9 (69)

4 (19)
1 (5)
1 (8)

[9-25]
[9,12,15,20,23,25-31]
[9,11,14,15,18-20,25,27,28,31-35]
[1,12,14,18,19,29,30,36-39]
[19,20,28,34,38,40]
[14,15,23,25,36,37,39,41]
[1,12,19,23,27,31,42]
[23,36,43]
[18,27,31]
[15,29]
[17,18,20,26,29,32,33,41,42]

Note that each patient investigated could have multiple treatments attempted to control their AATD-related panniculitis. A complete response was one
reported by the authors as clinically successful, requiring no further intervention. This may have taken the form of maintenance or intermittent therapy. A
partial response was one of incomplete or temporary resolution of symptoms, requiring further treatments. NSAID: Non-steroidal anti-inflammatory drugs.

receiving patients was not defined, but remission was
seen for two years in the patient who received dex/cyc
(excluding two minor trauma-exacerbated lesions, which
did not require treatment). A single patient received
partial resolution of symptoms with methylprednisolone,
but this was later supplemented with dapsone for
complete effect. Despite these few successes, imm
unosuppressants were largely unsuccessful, with 80% of
patients exhibiting no response.
Antibiotic and steroid combinations tried in reported
studies are listed in the supplementary material. Only
one combination proved successful; methylprednisolone
with dapsone. Partial responses were seen with
prednisolone/doxycycline/dapsone and deflazacort/
minocycline. Overall, antibiotics with glucocorticoids
were unsuccessful, with 60% receiving no benefit.
Nine patients received unique antibiotic combinations
(e.g., dapsone/doxycycline) and two patients received
unspecified “antibiotics”. Combination antibiotics were
the most unsuccessful treatment, with all cases failing
to respond, seemingly irrespective of the antibiotics
used in combination.
Non-steroidal anti-inflammatory drug (NSAID)
therapy was attempted on 8 patients, in the form of
colchicine (50%), ibuprofen, diclofenac (13% each), and
unspecified NSAIDs. One patient receiving colchicine had
complete resolution, another showed partial response
to unspecified NSAID, but required augmentation for
complete symptom control. Liver transplantation and
therapeutic plasma exchange exhibited positive results
with complete resolution of symptoms in 2 of 3 patients
managed with each therapy. There were also a range
of other treatments attempted on individual patients
(see supplement). Successful outcomes were achieved
with combination colchicine/cloxacillin and ketoconazole
monotherapy. A partial response was also seen with
cryotherapy, however the lesions re-appeared after two
months, and required colchicine to manage them.
All remaining treatments were unsuccessful.

in Europe (n = 21) and the United States (n = 17),
as expected for a disease prevalent in individuals with
European ancestry. Characteristics of patients studied,
stratified by treatment used, are shown in Table 1. Case
reports and series are inherently prone to bias and no
scoring systems exist to grade them, hence a formal
assessment of quality was not applicable.
Augmentation therapy was the most successful
treatment, with complete resolution of symptoms in all
12 patients (100%). However, it was less likely to be
used to treat symptoms than dapsone monotherapy,
single-agent antibiotics, and immunosuppressants.
Of these, dapsone was the most likely to achieve
clinical resolution of AATD-related panniculitis (62%).
Unfortunately, dapsone was also the most poorly
tolerated treatment, with 19% of patients discontinuing
therapy as a result of the side effects. The relative
success rate of each treatment strategy is shown in
Table 1 and Figure 2.
The single-agent antibiotics investigated were
doxycycline (29%); unspecified tetracycline (14%);
cefazolin, minocycline, and clindamycin (10% each);
and ampicillin, lincomycin, sulphonamide, penicillin,
erythromycin (5% each). Of these, doxycycline was
most successful, with complete clinical resolution
seen in two of six patients treated. Only two other
agents resulted in at least partial symptom control minocycline and nafcillin - use of minocycline alongside
augmentation therapy ensured full disease control in
one case.
A variety of immunosuppressants were attempted:
Prednisolone (57%), methylprednisolone (17%), dexa
methasone, cyclophosphamide, combination dexame
thasone/cyclophosphamide (dex/cyc), ciclosporin,
deflazacort, and unspecified “systemic steroid” (8%
each). Success was seen in two patients receiving oral
prednisolone (either repeated courses or prophylactic
therapy), and one patient on a prolonged course of
dex/cyc. The duration of follow up for the prednisolone-

WJD|www.wjgnet.com
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Figure 2 Rate of response of alpha-1 antitrypsin deficiency panniculitis to key treatments. “Some response” represents either complete or partial clinical
resolution of symptoms; “No response” represents either no clinical response or intolerance of the treatment option. Abx: Antibiotics; NSAID: Non-steroidal antiinflammatory drugs.

burden and downstream proteolysis. However, costeffectiveness remains questionable, particularly as twothirds of the investigated patients required multiple
courses of augmentation or lifelong intermittent/
maintenance therapy[1,12,14,18,19,36-38]. These patients were
followed up for variable durations, with a mean of 47 wk
follow-up (excluding two unspecified periods). The third
of patients who required a single course of augmentation
therapy were followed-up for an average of only four
weeks (excluding one unknown duration)[19,29,30,39]. This
is likely an insufficient duration, thus not representative
of numbers of courses of augmentation required
by those individuals. It is probable the majority will
require repeated courses if disease recurs, hence
accumulating a large cost. For this reason, despite the
safety and effectiveness of this therapy, initial use of
more conservative methods of symptom control seems
warranted.
Systemic dapsone is best known for its part in
the first-line combination therapy of leprosy[47]. As a
medication which can be taken orally, dapsone has
several advantages over augmentation for AATD
panniculitis, being simpler to administer and less
expensive. Various antimicrobials, such as tetracylines,
are believed to protect AAT from neutrophil-mediated
degradation[48]. Dapsone not only possesses this
[49]
property but also has antibiotic and anti-inflammatory
effects - it is bacteriostatic, inhibits reactive oxygen
[50]
[51]
species production , prostaglandin production
and
[52]
IL8 release in the context of inflammatory stimuli , as
[53]
well as reducing CD11b mediated neutrophil adhesion .
This multitude of effects could explain why it appears to
have greater efficacy for treating panniculitis than other
antibiotics. However, if it is this combined action which
explains its effect, it’s unclear why combinations of other
antibiotics and anti-inflammatories possessing similar
actions have been hitherto demonstrated unsuccessful.

DISCUSSION
This unique systematic review has revealed the most
effective treatment for AATD panniculitis to be aug
mentation therapy. Dapsone also exhibited a good effect
in a high proportion of patients, and is significantly
easier to administer and less expensive, thereby making
it a better first-line therapeutic option. The quality of
the evidence is poor, although the rarity of the condition
has likely been a key factor precluding more robust
study designs such as RCTs. As a result, the evolution of
disease in each patient was not documented to a degree
allowing comparison or commentary. Furthermore, as
only PIZZ genotypes were included, it is not possible to
assess whether different genotypes respond better to
different treatments.
Intravenous infusion of AAT from pooled human
plasma is a direct and efficient method for increasing
plasma AAT levels, and can reduce progression of
emphysema in AATD[44]. Controversially, a recent
Cochrane review suggests there is insufficient evidence
supporting the efficacy of IV AAT in emphysema and
[45]
lung disease . This conclusion may be due to the
difficulty in assessing success in AATD lung pathology progression of disease is best confirmed with CT imaging,
which is currently only used in a research setting. In
contrast, the response of panniculitis to augmentation
therapy is easy to assess clinically. Indeed, the results
of this narrative review suggest that augmentation
therapy is the most successful medical treatment for
AATD-related panniculitis, as everyone of the twelve
patients who received it had complete resolution of their
disease. There is a good biological rationale for use of
augmentation, in that it should correct the protease
imbalance observed in areas of AAT panniculitis and
[46]
modulate neutrophil activation and degranulation ,
with the end result of decreasing inflammatory cytokine

WJD|www.wjgnet.com
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cures the deficiency. Post-operative survival rates of liver
transplants in AATD are good, with a 5-year survival of
[56,57]
adult patients between 80%-83%
, and a 10-year
[56]
survival of 72% . However, due to the reservation of
liver transplants for only the fittest patients with endstage hepatic disease, as well as the large number of
contraindications to surgery, intra-operative risks, postoperative risks associated with immunosuppression,
and the costs of surgery, this is not a practical option for
patients with AATD associated panniculitis.
Two patients within this systematic review received
no treatment for their AATD-panniculitis. One patient
re-presented to hospital after two weeks, and the other
after 25 years. Although withholding treatment is not
a feasible management option in most cases of AATDpanniculitis, this does open up questions to whether
commencing treatment should be delayed in simple
panniculitis, to see whether natural resolution will occur.
This review was limited primarily by the relatively
poor quality of the available evidence. Further exploration
is also necessary to deduce the mechanism of action
of dapsone in AATD panniculitis, which seems to work
in ways not explained by other anti-inflammatory or
antimicrobial therapies alone, or combined. Further
understanding of dapsone might unlock deeper kno
wledge of the disease process in necrotizing panniculitis
in AATD, and reveal further treatment options.
Dapsone should be first-line therapy for AATD pan
niculitis, and augmentation therapy second-line. Plasma
exchange may be an alternative in the setting of rapidly
progressive disease, particularly if augmentation were
not available.

For those in whom dapsone failed, augmentation therapy
[12,14,18,19,39]
succeeded and was well tolerated
, suggesting
it would be a sensible second-line therapy.
Three patients described in our included cases
received therapeutic plasmapheresis. Two had complete
resolution of symptoms, with follow up times varying
between fourteen days and three months. One patient
received plasma exchange in combination with theo
phylline and hydrocortisone, but received no benefit
[26]
from treatment and died soon thereafter . Due to the
lack of evidence to support plasmapheresis and a lower
treatment resolution rate, augmentation seems superior
to plasma exchange, but it might remain an option in
countries where augmentation is unavailable, or disease
is very severe with rapid benefit required.
All other treatment regimens reported had either low
success rates, or were impractical to use widely. Twentyone patients received single-agent antibiotics other than
dapsone. Panniculitis in AATD is thought to be due to
a prolonged and exaggerated inflammatory response,
secondary to protease-antiprotease imbalance. Tetra
cyclines such as doxycycline can protect AAT from
breakdown by neutrophil collagenase and gelatinase
[48]
enzymes , however the included studies indicated that
this theoretical benefit on pathogenesis was not borne
out clinically in AATD panniculitis for any antimicrobials
other than dapsone. Post-steroid panniculitis is a
subtype of the panniculitis, seen in children following
the withdrawal of steroids[54]; consequently a role for
immunosuppressant or steroid therapies in AATD pan
niculitis would not be unreasonable. Paradoxically, no
benefit was seen. There is no apparent cause for the
failure of steroids or steroid-sparing agents in AATDpanniculitis. Perhaps the mechanism of AATD does
not facilitate the action of immunosuppressants, or
there is a narrow therapeutic window. This could be
explored by stratification of patients by dose and route
of administration. Further understanding of this may
unlock better comprehension of AATD.
A number of medical conditions benefit from anti
biotic-corticosteroid combinations, yet the utility of this
management in AATD panniculitis had little supporting
evidence. Co-administration of steroids with antibiotics
have reduced inpatient durations of stay in other
[55]
neutrophilic conditions such as pneumonia , but
the data here was insufficient to say this effect would
be consistently seen. One difficulty with combination
therapy is assessing if the benefit is from a single agent
or the combination. In addition, poor description of
combined therapies made comparison to single-agents
impossible. Indeed, the seemingly positive response
rates of antimicrobial/steroid combinations may be overestimated due to a single patient who received multiple
combinations and displayed positive responses to them.
Improvements of solid organ transplantation tech
niques have made hepatic transplants a viable thera
peutic option for end-stage liver disease in AATD. This
is advantageous, as secretion of AAT by the donor liver
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Research background

Panniculitis is a rare manifestation of an alpha-1 antitrypsin deficiency (AATD),
an already rare disease. This rarity has created a paucity in the data concerning
effective management strategies of AATD-panniculitis.

Research motivation

This systematic review has investigated the available literature for the optimal
management strategies for clinical resolution of AATD-panniculitis. Effective
management will be helpful for both patients and clinicians, as well as opening
up avenues of research allowing better understanding of this disease process.

Research objectives

To perform a systematic review of the management of patients with AATDpanniculitis, investigating interventions used and whether clinical resolution
was achieved. This objective was realised, enabling the authors to advise an
effective management strategy for clinical resolution. Successful management
will be helpful for both patients and clinicians, as well as opening up avenues of
research allowing better understanding of this disease process.

Research methods

A variety of databases were searched for appropriate papers. A title and
abstract review was performed by two reviewers, and pertinent studies were
obtained in full - to include 32 case reports and 4 case series. The appropriate
data was extracted by one reviewer and checked by another. The nature of
the data meant that only narrative synthesis was performed, and a formal
assessment of quality was not applicable.
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Research results

8

Augmentation therapy was the most successful treatment, achieving clinical
resolution in 100% of managed patients. Dapsone was a cheaper alternative,
achieving clinical resolution in 62%, but being very poorly tolerated. Other
single-agent antibiotics were mostly unsuccessful, with the exception of
doxycycline (complete resolution in 33%). Immunosuppressants were
also largely unsuccessful; 80% of patients exhibited no response. Liver
transplantation and therapeutic plasma exchange displayed complete
resolution in 66% of patients. Other strategies, such as non-steroidal antiinflammatory drugs (NSAIDs), or combination antibiotics, did not show
sufficient response rates to recommend their use. These results contribute
valuable information on effective therapeutic strategies for AATD-panniculitis.
Further understanding on the mechanisms of certain therapeutic agents (e.g.,
dapsone/immunosuppressants) are yet to be investigated, and might unlock
key concepts on the pathogenesis of panniculitis or AATD.

9
10
11

12

Research conclusions

This study suggests an effective management strategy for panniculitis
presenting in AATD. Based on likelihood of complete clinical resolution and
cost-implications, AATD-panniculitis should be managed with dapsone first-line,
and augmentation as a second-line measure. In countries where augmentation
is not available, or in cases of rapidly progressing disease, plasmapheresis may
be a valuable alternative.

13

14

Research perspectives

This study has the potential to change the future management of AATDpanniculitis, both unifying an effective management strategy amongst current/
future clinicians, and opening up avenues of further research to enable better
understanding of this disease presentation

15
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