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Background Bullous pemphigoid (BP) is a subepidermal blistering disease characterized
by autoantibodies against the two hemidesmosomal proteins, BP180 (type XVII col-
lagen) and BP230. The multicentre prospective BLISTER (Bullous Pemphigoid Ster-
oids and Tetracyclines) trial randomized 253 patients with BP to compare the
benefits and harms between initial treatment with doxycycline or prednisolone.
Objectives To analyse distinct autoantibody profiles for the prediction of the disease
course in a well-characterized cohort of BP sera.

Methods One hundred and forty-three patients of the BLISTER trial consented to par-
ticipate in this serological study. Sera taken at baseline were analysed by (i) indirect
immunofluorescence, (ii) anti-BP180 NC16A (16th noncollagenous domain) and
anti-BP230 enzyme-linked immunosorbent assay and (iii) immunoblotting with
various substrates. Results were then linked with clinical parameters including age,
Karnofsky score, number of blisters, related adverse events and mortality.

Results Disease activity correlated with immunoglobulin (Ig)G anti-BP180 levels
but not with levels of anti-BP230 IgG and anti-BP180 IgE. High levels of both
anti-BP180 IgG and anti-BP230 IgG were associated with a low Karnofsky score.
The presence of anti-BP230 IgG was more frequent in older patients. Those with
higher total IgE serum levels suffered from fewer adverse events. Higher IgG
anti-BP180 levels were associated with an increased 1-year mortality rate.
Conclusions Analysis of the autoantibody profile is not only of diagnostic relevance
but may also be helpful in predicting the course of the disease.

What’s already known about this topic?

e Serum levels of immunoglobulin (Ig)G autoantibodies against BP180 correlate with
disease activity in bullous pemphigoid (BP).
e Reports about the correlation of serum anti-BP180 IgE with disease severity are

inconclusive.
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e Karnofsky score is a predictor of death in BP but to date has not been shown to be
related to serum autoantibody levels.

What does this study add?

e High serum anti-BP180 IgG levels are associated with an increased mortality in BP.

e Patients with BP with a lower Karnofsky score show higher serum levels of anti-
BP180 and anti-BP230 IgG.

e High levels of total serum IgE appear to be related to a lower number of treat-
ment-related adverse events.

e Patients with BP with high anti-BP180 IgG may be at risk of fatal outcomes, while
in those with high total IgE, fewer adverse events can be expected.

Bullous pemphigoid (BP) is the most common autoimmune
blistering disease in western countries, with an incidence of 13—

43 per million per year'

and a prevalence of 259 per million
in Germany.* It mostly affects elderly patients and presents with
tense blisters, erosions, erythema and severe pru1ritusA5 BP is
immunopathologically characterized by autoantibodies against
two proteins of the dermoepidermal junction, BP180 (type XVII
collagen) and BP230.° The diagnosis is made by the detection
of tissue-bound and circulating autoantibodies. Linear
immunoglobulin (Ig)G and/or C3 deposits at the dermoepider-
mal junction are seen by direct immunofluorescence (IF) micro-
scopy of perilesional skin. Serum autoantibodies are detected by
indirect IF microscopy on monkey oesophagus or human salt-
split skin and by BP180-specific enzyme-linked immunosorbent
assay (ELISA).*’ IgG autoantibodies against the immunodomi-
nant 16th noncollagenous domain (NC16A) of BP180 have
been shown to correlate with disease activity and may thus be
useful to monitor disease activity during the course of the dis-
ease.®’ In addition to IgG autoantibodies, many patients develop
IgE and IgA autoantibodies against BP180.'%">

The multicentre prospective BLISTER (Bullous Pemphigoid
Steroids and Tetracyclines) trial randomized 253 patients with
BP to analyse the safety and effectiveness of initial treatment
with doxycycline (200 mg per day) compared with pred-
nisolone (0-5 mg kg~ ' per day).'* The study found that a strat-
egy of starting patients with BP on doxycycline was noninferior
in terms of blister control at 6 weeks and safer in terms of seri-
ous related adverse events at 52 weeks when compared with a
strategy of starting patients with BP on prednisolone alone.'®
Here, fine autoantibody specificities and isotypes were analysed
in sera taken at the initial study visit and correlated with the
clinical data of this well-characterized patient cohort. The aim of
the present study was to identify serological markers that might

predict the clinical outcome of patients with BP.

Materials and methods

Blood samples

Serum was obtained at the initial study visit, before treatment
was initiated, from patients participating in the BLISTER trial
who had given written consent for this serological marker
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study (n = 143). Sera were stored at —80 °C until used. Inclu-
sion criteria for the BLISTER trial were suspected diagnosis of
BP in adults (> 18 years) with > three significant blisters
appearing on > two body sites within the last week and posi-
tive direct or indirect IF microscopy (IgG and/or C3 at the
dermoepidermal junction).'* Included in the present ancillary
study were 69 women and 74 men with a mean age & SD of
77 (£ 11 years; range 40-98). Of these patients, 42 showed
mild, 59 moderate and 42 severe disease at study entry. The
study was performed according to the protocol of the Declara-
tion of Helsinki and approved by the Ethics Committee of the
University of Libeck (09—134) as well as the local ethics com-
mittees of all study centres.

Clinical data

Clinical data were derived from the BLISTER study. Besides
epidemiological data like age and sex, disease severity and
Karnofsky score at baseline as well as disease severity and
treatment-related adverse events recorded at every study visit
(weeks 3, 6, 13, 26, 39 and 52), were included (see Supple-
mentary Tables S1-S4; see Supporting Information). Disease
severity was scored according to the number of blisters: mild,
< 10 blisters; moderate, 10—30 blisters; severe, > 30 blisters.
Karnofsky score ranges from 0 to 100 (detailed in File S1; see
Supporting Information). Prospective hypotheses included the
association between specificities, isotypes and levels of
autoantibodies with disease severity, treatment regimen and
Karnofsky score. Post hoc analyses included the association

between serum biomarkers with mortality and adverse events.

Serum analyses

All 143 sera were analysed by (i) indirect IF microscopy on
1 mol L' NaCl-split human skin (IgG and IgA reactivity),
(ii) BP180 NC16A ELISA and BP230 ELISA (both IgG reactiv-
ity; Euroimmun, Liibeck, Germany) and (iii) BP180 NCI16A
ELISA (IgE reactivity).'® Sera unreactive by indirect IF micro-
scopy on salt-split skin were tested on monkey oesophagus
(IgG, IgA). Sera with IgG binding to the epidermal side of
salt-split skin but without IgG ELISA reactivity against BP180
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NC16A were tested by immunoblotting with conditioned con-
centrated medium of cultured HaCaT cells (to detect IgG
against LAD-1).'7'® Sera that exhibited IgA binding to the
epidermal side of salt-split skin (IgA reactivity) were also
immunoblotted against this substrate and against recombinant
BP180 NC16A.'" All sera with IgG binding along the blister
floor by indirect IF microscopy on salt-split skin were sub-
jected to immunoblotting with (i) extract of the extracellular
matrix of cultured HaCaT cells (to detect IgG4 reactivity
against laminin 332),”° (ii) extract of human dermis (to
detect IgG4 reactivity against p200 and type VII collagen)”'
and (iii) recombinant C-terminus of laminin y1 (IgG4).”"

Statistics

For all analysed variables, median, quartiles, ranges and per-
centages are given as appropriate. Due to the high number of
individuals with negative or extensive values of autoantibody
serum levels, values were categorized into low vs. high or in
the case of BP230 negative vs. positive. Cut-offs for BP180
IgG, BP180 IgE and total IgE were 250 U mL ™', optical den-
sity 0-05 and 500 U mL™', respectively. Whenever effects
were investigated on values measured post-treatment, the
treatment arm was included as a covariate in the analyses. For
all comparisons, two-sided P-values are reported that are
viewed as descriptive measures of evidence, and no adjust-
ment for multiple testing was performed. Specifically, possible
associations between pretreatment autoantibody serum levels
and disease severity in terms of initial number of blisters were
investigated using Cochran—Armitage trend tests with catego-
rized autoantibody levels as binomial variable and number of
blisters as ordinal response. Mann—Whitney U-tests were per-
formed to analyse differences in Karnofsky scores as well as
age between individuals with high vs. low autoantibody levels.
To investigate the relationship between initial autoantibody
serum levels on one hand and response over time in terms of
< three blisters and mortality on the other, logistic regression
models were developed predicting favourable outcome from
autoantibody levels using treatment arm as covariate. Possible
associations between serum levels of total IgE and the number
of at least moderate adverse events as well as specific adverse
events were assessed using ordinal or logistic regression mod-
els predicting the number of adverse events from total IgE
using treatment arm as covariate (see Table 1).

Results

Autoantibody reactivities

Epidermal binding of IgG autoantibodies was observed in 126
of 143 (88:1%) sera by indirect IF microscopy on human
salt-split skin. Five (3:5%) sera showed both epidermal and
dermal binding of IgG, and two (1-4%) sera showed dermal
binding only. Ten (7%) sera were negative (IgG). Four of the
five sera with both epidermal and dermal binding revealed
reactivity against the p200 protein and laminin y1 by
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Table 1 Association of serum autoantibody levels with clinical
features; two-sided P-values are shown, determined by “Cochran—
Armitage trend tests, "Mann—Whitney U-tests and “logistic regression

analyses

IgG IgE 1gG Total
Clinical features  NC16A NC16A BP230 IgE
Severity of < 0-001 0-070 0-259 0-105

disease®

Karnofsky score® < 0-001 0-978 0-002 0-473
Age® 0-200  0-084 0016 0-293
Mortality® 0-021 0-162 0-612 0-071
Adverse events® 0-681 0-742 0-122 0-035

Ig, immunoglobulin; NC16A, 16th noncollagenous domain. Sig-

nificant values are shown in bold.

immunoblotting, respectively, as well as reactivity with BP180
by ELISA and immunoblotting. In one of the five sera, the tar-
get antigens could not be identified. In the two sera with
exclusively dermal binding on salt-split skin, IgG reactivity
with the p200 protein and laminin y1 was found.

When the 10 sera unreactive by indirect IF microscopy on
human salt-split skin were analysed by indirect IF microscopy
on monkey oesophagus, one serum showed IgG reactivity
against the basal membrane zone and one serum showed IgA
reactivity against endomysium. This serum revealed IgA reac-
tivity against tissue transglutaminase and deaminated gliadin-
analogous fusion peptides by ELISA (Euroimmun). Of the
remaining eight unreactive sera, two revealed IgG antibodies
against LAD-1, three showed IgG reactivity against laminin 71
(one with additional reactivity against the p200 protein), one
showed anti-BP230 IgG by immunoblotting and two showed
anti-BP180 NC16A IgG by ELISA.

IgA binding to the blister roof was detected in 31 of 143
(21-7%) sera by indirect IF microscopy on salt-split skin. In 25
of 29 sera (86:2%; two of the 31 sera could not be further ana-
lysed due to insufficient serum) IgA antibodies against BP180
NC16A or LAD-1 were detected by immunoblotting.

In 121 of 143 (84-6%) sera, IgG ELISA reactivity with BP180
NC16A was observed with values ranging from 20-4 to
8048 U mL ™', IgE autoantibodies against BP180 NC16A were
seen in 48 of 138 (34-8%) sera (five could not be analysed due
to insufficient serum). In 74 of 143 (51:7%) sera, anti-BP230
IgG was detected ranging from 22-1 to 3268 U mL™". Elevated
levels of total IgE (> 100 U mL™") were seen in 61 of 138
(44-2%) sera. Sera that revealed the diagnosis of anti-p200/
laminin y1 pemphigoid (n = 9) or dermatitis herpetiformis
(n = 1) were excluded from subsequent correlation analyses.

Association of initial autoantibody serum levels with
disease activity and Karnofsky score

Pretreatment anti-BP180 NC16A IgG serum levels were associ-
ated with disease severity (P < 0-001). In contrast, no relation
was observed between disease activity and serum levels of IgG
anti-BP230 (P = 0-259) and IgE anti-BP180 NCI16A
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(P = 0-070). Interestingly, higher IgG serum levels of anti-
BP230 (P =0-002) and anti-BP180 NCI16A (P < 0-001),
respectively, were associated with a lower Karnofsky score.

Association of initial autoantibody serum levels and
treatment response and relapses

No relationship was found between the initial autoantibody
serum levels (BP180 NCI16A IgG, BP180 NC16A IgE, BP230
IgG) and the response to treatment defined as < three blisters
in week 6. Similarly, there was no association between initial
autoantibody serum levels and disease activity at subsequent
study visits. No difference between initial autoantibody serum
levels and response to treatment in the two treatment arms
was observed. No association between autoantibody serum
levels and relapses was found.

Association of initial autoantibody serum levels and
mortality and age

Patients with higher IgG autoantibody serum levels against
BP180 NC16A showed a higher
(P =0-021, Fig. la). The presence of IgG autoantibodies
BP230  was
(P =0-016, Fig. 1b). No association between age and anti-
BP180 NC16A IgG nor IgE serum levels was found.

l-year mortality rate

against more frequent in older patients

Association of initial autoantibody serum levels and
adverse events

Patients with higher serum levels of total IgE seemed to
develop fewer treatment-related adverse events (P = 0-035)
including moderate, severe, life-threatening and fatal events
during 52 weeks of observation (Fig. 1c). In a second step,
the adverse events were grouped as infections, gastrointestinal
or corticosteroid-associated (excluding infections) adverse
events. The number of infections was identified to be nega-
tively correlated with total serum IgE levels (P = 0-040). No
correlation of total IgE serum levels with gastrointestinal
(P =0-318) or corticosteroid-associated (P = 0-054) adverse
events was revealed. No association between adverse events
and anti-BP180 IgG, IgE or anti-BP230 IgG was found.

Discussion

Here we analysed sera from 143 patients who took part in the
BLISTER trial using several routine diagnostic assays, and
related serological results with the corresponding clinical data.
Following the advice of Grantham and colleagues®” in their
editorial comment on the BLISTER trial, we investigated
whether any baseline clinical features or serum biomarkers
predict treatment response.

Because immunological inclusion criteria of the BLISTER
trial comprised antibasement membrane zone reactivity by
direct or indirect IF microscopy, serum autoantibodies were
initially subjected to a detailed analysis for isotype and fine
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specificities. In four of the nine sera that fulfilled the diagnos-
tic criteria for anti-p200/laminin y1 pemphigoid, additional
reactivity with laminin 332 and BP180, respectively, was seen,
which may be explained by epitope spreading, a phenomenon
already described in anti-p200/laminin y1 pemphigoid.”® In
our BP cohort, circulating antibasement membrane zone anti-
bodies were detected in all sera. In keeping with other BP
cohorts, 95% of sera stained the epidermal side of salt-split
skin by indirect IF microscopy, and 91% and 56%, respec-
tively, showed IgG ELISA reactivity with BP180 NC16A and
BP230.”* %" IgE anti-BP180 NC16A reactivity was observed in
38% of BP sera, which was lower than that observed in three
recent cohorts (39%, 42% and 58%).16’30 Taken together, the
serological data suggest that the present cohort is representa-
tive of a typical BP cohort.

As expected, and as previously reported in other cohorts,
anti-BP180 NC16A IgG serum levels correlated with disease

8,9,16,31

activity at baseline. In contrast, and in line with previ-

ous studies, no association between IgE anti-BP180 NCI16A

levels and baseline disease severity was seen.'®*?

However,
Iwata et al.'* and Hashimoto et al.>® observed a significant cor-
relation between serum anti-BP180 IgE levels and disease
severity, which may be explained by the different set-up of
the ELISA systems. In contrast to the two latter studies, cut-
offs of the anti-BP180 IgE ELISA used in the present study
were adjusted according to total serum IgE levels, which was
shown to critically affect the sensitivity of the ELISA.'® While
anti-BP180 NC16A IgE levels were shown to correlate with
disease activity within individuals during the course of the
disease, are higher in patients with severe BP, and decrease
when patients go into remission, the association between dis-
ease activity and IgE anti-BP180 reactivity appears to be lower
compared with anti-BP180 IgG.'*'*"!%3%:3% Because the more
sophisticated Bullous Pemphigoid Disease Area Index (BPDAI)
was published in 2012,%* 3 years after the BLISTER trial was
designed, disease severity was assessed by the number of the
blisters. When initiating this study, we hoped to identify a
serological biomarker that predicts the response to treatment.
However, the initial autoantibody specificity and isotype did
not relate to the future disease course or the response to either
of the two initial treatment strategies.

Karnofsky score has previously been shown to be lower in
patients with BP with neurological diseases, dementia and
infections.>® >’ In our cohort, higher IgG anti-BP180 NC16A
and anti-BP230 serum levels were associated with a lower
Karnofsky score, indicating that patients with poor general
condition had higher levels of circulating autoantibodies. A
study by Joly et al.*® described a Karnofsky score of lower than
40 as risk factor for death in BP. While in their analysis female
sex was associated with a higher mortality, this association
was not evident in the present study.

The 1-year mortality rate in our cohort was 13-5%. Most
studies reported 1-year mortality rates of between 19% and
41%.%* %" Lower 1-year mortality rates of 13-4% and 8-0%,
respectively, were recently reported in the BLISTER study
including all 253 patients with BP and a randomized
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Fig 1. Association of serum autoantibody levels with clinical features. (a) Association of anti-BP180 immunoglobulin (Ig)G levels with 1-year

mortality. (b) Association of anti-BP230 IgG categorized into negative and positive with age. (c¢) Total serum IgE levels categorized into low

(€500 U mL™") and high (> 500 U mL™") with the number of at least moderate adverse events during 52 weeks. Box-plots with two-sided
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controlled trial comparing dapsone and azathioprine.
the present study, IgG autoantibody serum levels against
BP180 NC16A were higher in patients that died within 1 year
after diagnosis. The presence of IgG anti-BP180 reactivity has
previously been related to an increased mortality.*® Thus, cir-
culating IgG anti-BP180 antibodies may be a novel indicator
for early death in BP, which needs to be confirmed in other
studies. Old age, dementia and stroke have previously been
identified as risk factors for death in patients with BP in a
recent meta-analysis.*”

In the present study, the mean age of patients was 77 years,
which is representative for most BP cohorts with a mean age
of between 74 and 83 years.>” Our findings of a higher detec-
tion rate of anti-BP230 IgG in older patients has not been
described before. It may indicate that epitope spreading from
BP180 to BP230 occurs more easily in the elderly, which may
be related to the immunological senescence or altered skin
structure in this patient population.

In a post hoc analysis, patients with higher total IgE serum
levels were found to develop fewer adverse events including
grades 2, 3, 4 and 5. This effect was shown to be mainly
attributed to infections while no association with gastrointesti-
nal and noninfectious corticosteroid-associated adverse events
was seen. The mechanism underlying the observed protection
from infections by high total IgE is unclear and needs to be
confirmed in other cohorts.

The prospective and multicentric design and the high qual-
ity of the clinical data are strengths in this study. Limitations
of the current study are that analyses were exploratory, that
serum was taken only at baseline and not during the course of
the disease and that only some patients of the BLISTER trial
consented to this ancillary study.

Physicians in clinical practice may be aware that patients
with BP with high anti-BP180 IgG may be at risk of fatal
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outcomes, while in those with high total IgE, fewer adverse
events can be expected.

Acknowledgments

We thank Vanessa Krull for excellent technical assistance and
the patients for serum donation.

References

1 Bertram F, Brocker EB, Zillikens D et al. Prospective analysis of the
incidence of autoimmune bullous disorders in Lower Franconia,
Germany. J Dtsch Dermatol Ges 2009; 7:434—40.

2 Joly P, Baricault S, Sparsa A et al. Incidence and mortality of bul-
lous pemphigoid in France. J Invest Dermatol 2012; 132:1998-2004.

3 Langan SM, Smeeth L, Hubbard R et al. Bullous pemphigoid and
pemphigus vulgaris — incidence and mortality in the UK: popula-
tion based cohort study. BMJ 2008; 337:a180.

4 Hiibner F, Recke A, Zillikens D et al. Prevalence and age distribu-
tion of pemphigus and pemphigoid diseases in Germany. ] Invest
Dermatol 2016; 136:2495-8.

5 Schmidt E, Zillikens
381:320-32.

6 Schmidt E, Groves R. Immunobullous diseases. In: Rook’s Textbook of

Dermatology (Griffith C, Barker J, Chalmers , Bleiker T, Creamer D,

eds), 9th edn. Chichester: Wiley-Blackwell, 2016; part 3, chapter

50, 1-56.

Schmidt E, Goebeler M, Hertl M et al. S2K guideline for the diag-

nosis of pemphigus vulgaris/foliaceus and bullous pemphigoid. J

Dtsch Dermatol Ges 2015; 13:713-27.

8 Schmidt E, Obe K, Brocker EB et al. Serum levels of autoantibodies

D. Pemphigoid diseases. Lancet 2013;

~

to BP180 correlate with disease activity in patients with bullous
pemphigoid. Arch Dermatol 2000; 136:174-8.

9 Kobayashi M, Amagai M, Kuroda-Kinoshita K et al. BP180 ELISA
using bacterial recombinant NCléa protein as a diagnostic and
monitoring tool for bullous pemphigoid. J Dermatol Sci 2002;
30:224-32.

© 2018 British Association of Dermatologists



10

1

—_

12

13

14

15

16

17

18

19

20

2

—_

22

23

24

25

26

BP: serum anti-BP180 IgG levels, mortality and Karnofsky score, M.M. Holtsche et al. 923

van Beek N, Schulze FS, Zillikens D et al. IgE-mediated mechanisms
in bullous pemphigoid and other autoimmune bullous diseases.
Exp Rev Clin Immunol 2016; 12:267-77.

Christophoridis S, Budinger L, Borradori L et al. IgG, IgA and IgE
autoantibodies against the ectodomain of BP180 in patients with
bullous and cicatricial pemphigoid and linear IgA bullous der-
matosis. Br ] Dermatol 2000; 143:349-55.

Dopp R, Schmidt E, Chimanovitch I et al. IgG4 and IgE are the
major immunoglobulins targeting the NC16A domain of BP180 in
bullous pemphigoid: serum levels of these immunoglobulins
reflect disease activity. ] Am Acad Dermatol 2000; 42:577-83.

Iwata Y, Komura K, Kodera M et al. Correlation of IgE autoanti-
body to BP180 with a severe form of bullous pemphigoid. Arch
Dermatol 2008; 144:41-8.

Chalmers JR, Wojnarowska F, Kirtschig G et al. A randomised con-
trolled trial to compare the safety, effectiveness and cost-effective-
ness of doxycycline (200 mg/day) with that of oral prednisolone
(0.5 mg/kg/day) for initial treatment of bullous pemphigoid: the
Bullous Pemphigoid Steroids and Tetracyclines (BLISTER) trial.
Health Technol Assess 2017; 21:1-90.

Williams HC, Wojnarowska F, Kirtschig G et al. Doxycycline versus
prednisolone as an initial treatment strategy for bullous pem-
phigoid: a pragmatic, non-inferiority, randomised controlled trial.
Lancet 2017; 389:1630-38.

van Beek N, Luttmann N, Huebner F et al. Correlation of serum
levels of IgE autoantibodies against BP180 with bullous pem-
phigoid disease activity. JAMA Dermatol 2017; 153:30-8.

Schmidt E, Skrobek C, Kromminga A et dal. Cicatricial pemphigoid:
IgA and IgG autoantibodies target epitopes on both intra- and
extracellular domains of bullous pemphigoid antigen 180. Br J Der-
matol 2001; 145:778-83.

van Beek N, Dohse A, Riechert F et al. Serum autoantibodies
against the dermal—epidermal junction in patients with chronic
pruritic disorders, elderly individuals and blood donors prospec-
tively recruited. Br J Dermatol 2014; 170:943—7.

Zillikens D, Herzele K, Georgi M et al. Autoantibodies in a sub-
group of patients with linear IgA disease react with the NC16A
domain of BP1801. ] Invest Dermatol 1999; 113:947-53.

Lazarova Z, Sitaru C, Zillikens D, Yancey KB. Comparative analysis
of methods for detection of anti-laminin 5 autoantibodies in
patients with anti-epiligrin cicatricial pemphigoid. ] Am Acad Derma-
tol 2004; 51:886-92.

Groth S, Recke A, Vafia K et al. Development of a simple enzyme-
linked immunosorbent assay for the detection of autoantibodies in
anti-p200 pemphigoid. Br J Dermatol 2011; 164:76-82.

Grantham H]J, Stocken DD, Reynolds NJ. Doxycycline: a first-line
treatment for bullous pemphigoid? Lancet 2017; 389:1586-8.
Shimanovich I, Petersen EE, Weyers W et al. Subepidermal blister-
ing disease with autoantibodies to both the p200 autoantigen
and the alpha3 chain of laminin 5. ] Am Acad Dermatol 2005; 52:
$90-2.

Sardy M, Kostaki D, Varga R et al. Comparative study of direct and
indirect immunofluorescence and of bullous pemphigoid 180 and
230 enzyme-linked immunosorbent assays for diagnosis of bullous
pemphigoid. ] Am Acad Dermatol 2013; 69:748-53.

Ghohestani RF, Nicolas JF, Rousselle P, Claudy AL. Diagnostic
value of indirect immunofluorescence on sodium chloride-split
skin in differential diagnosis of subepidermal autoimmune bullous
dermatoses. Arch Dermatol 1997; 133:1102—7.

Machado P, Michalaki H, Roche P et al. Serological diagnosis of
bullous pemphigoid (BP): comparison of the sensitivity of indirect
immunofluorescence on salt-split skin to immunoblotting. Br J Der-
matol 1992; 126:236—41.

© 2018 British Association of Dermatologists

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Blocker IM, Dahnrich C, Probst C et dl. Epitope mapping of BP230
leading to a novel enzyme-linked immunosorbent assay for

autoantibodies in bullous pemphigoid. Br ] Dermatol 2012;
166:964-70.
Sitaru C, Dahnrich C, Probst C et al. Enzyme-linked immunosor-

bent assay using multimers of the 16th non-collagenous domain
of the BP180 antigen for sensitive and specific detection of pem-
phigoid autoantibodies. Exp Dermatol 2007; 16:770—7.

Tampoia M, Giavarina D, Di Giorgio C, Bizzaro N. Diagnostic
accuracy of enzyme-linked immunosorbent assays (ELISA) to
detect anti-skin autoantibodies in autoimmune blistering skin dis-
eases: a systematic review and meta-analysis. Autoimmun Rev 2012;
12:121-6.

Hashimoto T, Ohzono A, Teye K et d. Detection of IgE autoanti-
bodies to BP180 and BP230 and their relationship to clinical fea-
tures in bullous pemphigoid. Br J Dermatol 2017; 177:141-51.
Tsuji-Abe Y, Akiyama M, Yamanaka Y et al. Correlation of clinical
severity and ELISA indices for the NC16A domain of BP180 mea-
sured using BP180 ELISA kit in bullous pemphigoid. J Dermatol Sci
2005; 37:145-9.

Bing L, Xiping Z, Li L et dl. Levels of anti-BP180 NC16A IgE do
not correlate with severity of disease in the early stages of bullous
pemphigoid. Arch Dermatol Res 2015; 307:849—-54.

Kalowska M, Ciepiela O, Kowalewski C et ad. Enzyme-linked
immunoassay index for anti-NCl6a IgG and IgE auto-antibodies
correlates with severity and activity of bullous pemphigoid. Acta
Derm Venereol 2016; 96:191-6.

Murrell DF, Daniel BS, Joly P et al. Definitions and outcome mea-
sures for bullous pemphigoid: recommendations by an interna-
tional panel of experts. ] Am Acad Dermatol 2012; 66:479—-85.

Cordel N, Chosidow O, Hellot MF et al. Neurological disorders in
patients with bullous pemphigoid. Dermatology 2007; 215:187-91.
Chevalier V, Barbe C, Reguiai Z et al. [Impact of neurological dis-
eases on the prognosis of bullous pemphigoid: a retrospective
study of 178 patients]. Ann Dermatol Venereol 2016; 143:179-86. (in
French)

Phoon YW, Fook-Chong SM, Koh HY et dl. Infectious complica-
tions in bullous pemphigoid: an analysis of risk factors. ] Am Acad
Dermatol 2015; 72:834-9.

Joly P, Benichou J, Lok C et . Prediction of survival for patients
with bullous pemphigoid: a prospective study. Arch Dermatol 2005;
141:691-8.

Schmidt E, Borradori L, Joly P. Epidemiology of autoimmune bul-
lous diseases. In: Blistering Diseases (Murrell D, ed.), 1st edn. Heidel-
berg: Springer, 2015; 251-64.

Bernard P, Bedane C, Bonnetblanc JM. Anti-BP180 autoantibodies
as a marker of poor prognosis in bullous pemphigoid: a cohort
analysis of 94 elderly patients. Br J Dermatol 1997; 136:694—8.
Sticherling M, Franke A, Aberer E et d. An open, multicentre, ran-
domized clinical study in patients with bullous pemphigoid compar-
ing methylprednisolone and azathioprine with methylprednisolone
and dapsone. Br J Dermatol 2017; 177:1299-305.

Liu YD, Wang YH, Ye YC et al. Prognostic factors for mortality in
patients with bullous pemphigoid: a meta-analysis. Arch Dermatol Res
2017; 309:335-47.

Appendix

Germany: C. Gunther, Dresden; T. Luger, Munster; K. Stein-
brink, Mainz; G. Wozel, Dresden. U.K.: V. Akhras, London; A.
Alkali, Liverpool; A. Anstey, Newport; F. Antony, Frimley; A.

Azam, Cannock; O. Aziz, Ipswich; S. Blackford, Swansea; C.

British Journal of Dermatology (2018) 179, pp918-924




924 BP: serum anti-BP180 IgG levels, mortality and Karnofsky score, M.M. Holtsche et al.

Bower, Exeter; D. Buckley, Swindon; R. Charles-Holmes, War-
wick; K. Davies, Barnstaple; G. Dunnill, Bristol; S. Gibbs,
Swindon; R. Graham, Great Yarmouth; P. Hampton, New-
castle; K. Hussain, Lincoln; A. Iichyshyn, Coventry; G. Kaushal,
Reading; A. Layton, Harrogate; V. Lewis, Taunton; H. Mal-
homme, Reading; I. Nasr, Reading; A. Ormerod, Aberdeen; D.
Rallan, Ipswich; J. Ravenscroft, Nottingham; I. Salvary, Great
Yarmouth; D. Seukeran, Reading; D. Shipley, Carmarthen; J.
Sterling, Cambridge; S. Velangi, Birmingham; V. Venning,
Oxford; E. Veysey, Swansea; R. Wachsmuth, Yeovil; S. Wahie,
Durham; A. Wright, Bradford.

Supporting Information

Additional Supporting Information may be found in the online
version of this article at the publisher’s website:

British Journal of Dermatology (2018) 179, pp918-924

File S1 Description of Karnofsky scores.

Table S1 Pretreatment disease severity in relation to serum
autoantibody and total IgE levels.

Table S2 Age and pretreatment Karnofsky score in relation
to serum autoantibody and total IgE levels.

Table S3 Disease control and 1-year mortality in relation to
serum autoantibody and total IgE levels.

Table S4 Number of adverse events in relation to serum
autoantibody and total IgE levels.

Powerpoint S1 Journal Club Slide Set.

© 2018 British Association of Dermatologists



Supplementary Material

Materials and methods

Karnofsky score ranges from 0 to 100: 100, normal, no complaints, no evidence of disease;
90, able to carry on normal activity; minor signs or symptoms of disease; 80, normal activity
with effort, some signs or symptoms of disease; 70, cares for self, unable to carry on normal
activity or to do active work; 60, requires occasional assistance, but is able to care for most
of their personal needs; 50, requires considerable assistance and frequent medical care, 40,
disabled, requires special care and assistance; 30, severely disabled, hospital admission is
indicated although death not imminent; 20, very sick, hospital admission necessary, active

supportive treatment necessary; 10, moribund, fatal processes progressing rapidly; 0, dead.

Tables

Table S1. Pre-treatment disease severity in relation to serum autoantibody and total

IgE levels
Severity IgG NC16A IgE NC16A IgG BP230 Total IgE

low high | low high low high | low high
Mild 28 11 29 6 15 24 27 8
Moderate | 31 26 32 24 25 32 39 17
Severe 12 25 23 14 19 18 22 15
p 0.0006 0.0695 0.2591 0.1050

Mild: <10 blisters; moderate: 10-30 blisters; severe: >30 blisters. Descriptive two-sided p-

values from Cochran-Armitage trend tests.



Table S2. Age and pre-treatment Karnofsky score in relation to serum autoantibody

and total IgE levels

IgG NC16A IgE NC16A IgG BP230 Total IgE
Karnofsky | low high low high low high low high
score
ni71 62 84 44 59 74 88 40
Median | 80 60 70 70 80 60 80 70
Q1; Q3 | 60; 90 50; 80 60; 80 50; 90 | 60; 90 50; 80 | 50; 90 60; 80
Range | 30; 100 | 30; 90 30; 100 | 30;100 | 30; 100 | 30; 100 | 30; 100 | 40;90
p | 0.00008 0.9776 0.0022 0.4726
Age
ni71 62 84 44 59 74 88 40
Median | 78.4 81.2 81.2 75.0 77.2 81.2 79.1 81.5
Q1; Q3 | 70.8; 72.7,86.0 | 73.8; 70.9; 70.1, 73.5; 71.1; 73.7,
85.0 87.2 84.7 83.0 87.5 85.5 86.8
Range | 42.0; 40.7; 98.7 | 40.7; 52.5; 40.7, 52.5; 40.7; 59.5;
97.7 98.7 93.2 92.6 98.7 98.7 97.7
p | 0.1996 0.0836 0.0160 0.2932

Q1: lower 25% quantile; Q3: higher 25% quantile. Descriptive two-sided p-values from Mann-

Whitney U-tests.




Table S3. Disease control* and 1-year mortality in relation to serum autoantibody and

total IgE levels

IgG NC16A IgE NC16A IgG BP230 Total IgE
low high low high low high low high
week 6 yes | 50 41 60 28 42 49 62 26
no 10 12 13 8 5 17 13 8
p 0.4715 0.3230 0.0500 0.4316
week 13 yes | 54 41 62 30 42 53 65 27
no 6 6 8 3 4 8 7 4
p 0.6879 0.8116 0.4533 0.6292
week 26 yes |51 37 60 26 35 53 59 27
no 3 3 4 2 4 2 5 1
p 0.8130 0.6628 0.2541 0.4830
week 39 yes |45 40 60 23 36 49 58 25
no 3 0 1 2 2 1 3 0
p 0.9960 0.3580 0.3580 0.9970
week 52 yes | 45 37 56 23 36 46 56 23
no 3 1 3 1 2 2 4 0
p 0.4055 0.9949 0.8624 0.9939




1-year

mortality

yes |5 13 9 9 7 11 9 9
no 66 49 75 35 52 63 79 31
p 0.0212 0.1618 0.6121 0.0705

Descriptive two-sided p-values from logistic regression analyses using treatment arm as

additional covariate. *< 3 blisters/erosion as defined in the BLISTER trial >**




Table S4. Number of adverse events in relation to serum autoantibody and total IgE

levels
IgG NC16A IgE NC16A IgG BP230 Total IgE
AEs low high low high low high low high
0|15 5 14 5 7 13 11 8
1|7 14 14 7 9 12 16 5
2|10 6 12 4 7 9 11 5
>2 11 9 15 5 12 8 18 2
p | 0.6805 0.7423 0.1222 0.0353
Infection
0|46 38 55 26 31 53 52 29
1|15 13 18 9 15 13 22 5
2|2 2 2 2 1 3 4 0
p | 0.8112 0.8956 0.2407 0.0398
Gastro-
intestinal
0|52 48 62 34 39 61 65 31
119 4 10 3 7 6 11 2
>1 |2 1 3 0 1 2 2 1
p | 0.1907 0.2668 0.4171 0.3183




Steroids
0|29 18 29 15 16 31 25 19
1]12 18 19 10 13 17 24 5
2|13 9 16 6 10 12 16 6
>2 19 8 11 6 8 9 13 4
p | 0.4286 0.5061 0.2765 0.0543

AEs: number of at least moderate adverse events; Infection: number of at least moderate
infections; Gastro-intestinal: number of at least moderate gastro-intestinal adverse events;
Steroids: number of at least moderate corticosteroid-associated adverse events. Descriptive
two-sided p-values from ordinal logistic regression analyses using treatment arm as

additional covariate.
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What's already known?

» Serum levels of IgG autoantibodies against BP180 correlate
with disease activity in bullous pemphigoid (BP).

» Reports about the correlation of serum anti-BP180 IgE with
disease severity are inconclusive.

» Karnofsky score is a predictor of death in BP but has not been
shown to be related to serum autoantibody levels to date.
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Introduction (1) - BLISTER trial

» 253 BP patients from 54 UK and 7 German dermatology centres

» [nclusion criteria: positive direct or indirect immunofluorescence
mIcroscopy
Doxycycline 200 mg/d plus mometasone furoate <30 g/week (for 3 weeks)

VS.

Prednisolone 0.5 mg/kg/d plus mometasone furoate <30 g/week (for 3 weeks)

Williams et al., Lanc
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Introduction (2) - Current serological study

» 143 patients of the BLISTER trial who consented to this ancillary
study

e Serum was taken at baseline
* 69 females, 74 males

e Age: 77 (£ 11) years

British Journal of Dermatology




Aim of this study

To identify serological parameters
that predict the course of the disease
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Methods (1) - Serological analyses

Indirect immunofluorescence microscopy

Salt-split human skin (IgG, IgA) Monkey oesophagus (IgG, IgA)
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Methods (2) - Serological analyses

» Immunoblotting with various « ELISA
substrates for detection of « BP180 NC16A IgG
e LAD-1 1gG « BP180 NC16A IgE
 LAD-1 IgA « BP230 IgG
e Full length BP180 IgG * Total IgE

« BP180 NC16A IgA
P200 protein / laminin y1 1gG
Type VIl collagen 1gG
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Methods (3) - Clinical data

» Age

Disease activity (according to the number of blisters)

Karnofsky score

Adverse events

Mortality

British Journal of Dermatology |



Results (1)

» Patients with a lower Karnofsky score showed higher anti-
BP180 and anti-BP230 IgG serum level

» Patients who died within 1 year had higher anti-BP180 I1gG
serum level

» Older patients revealed higher anti-BP230 IgG serum level

» Patients with higher total IgE serum levels developed less
adverse events

British Journal of Dermatology




Results (2)
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Results (3)

IeG IgE IeG Total
Clinical features @ NCI16A NC16A BP230 IgE
Severity of < 0-001 0-070 0-259 0-105

disease®

Karnofsky score” < 0-001 0-978 0-002 0-473
Age® 0-200  0-084 0-016 0-293
Mortality" 0-021 0-162 0-612 0-071
Adverse events® 0-681 0-742 0-122 0-035

Ig, immunoglobulin; NC16A, 16th noncollagenous domain. Sig-

nificant values are shown in bold.
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Discussion

» Strengths of the study: - prospective and multicentre design
- high quality of clinical data

» Limitations of the study: - serum was taken at baseline only

- only about half of the patients of the
BLISTER trial consented to this
ancillary study
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Conclusions
What does this study add?

» High serum anti-BP180 IgG levels were associated with an
Increased mortality.

» BP patients with a lower Karnofsky score showed higher
serum levels of anti-BP180 and anti-BP230 serum IgG.

» High levels of total serum IgE appeared to be related to a
lower number of adverse events.
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Call for correspondence

» \Why not join the debate on this article through our
correspondence section?

» Rapid responses should not exceed 350 words, four
references and one figure

» Further details can be found here
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