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Summary

Activation of blood coagulation has been demonstrated in bullous
pemphigoid (BP), a rare autoimmune blistering disease, potentially
leading to a prothrombotic state. In order to evaluate the incidence of
venous thromboembolism (VTE) in BP, a cohort study was carried out
on 432 BP patients (59 % females; median age 76 years, interquartile
range [IQR]: 68-82). At diagnosis, autoimmune bullous skin disorder
intensity score (ABSIS) was calculated. VTE incidence was standard-
ised with rates of the general population. Multivariable Cox propor-
tional hazard model was used to estimate the hazard ratio of VTE ac-
cording to ABSIS and concomitant risk factors. During a median fol-
low-up of 4.2 years, 31 objectively-diagnosed VTE events were rec-
orded. The incidence rate of VTE (per 1000 patient-years) was 17.2
overall (95% confidence interval [Cl]: 11.1-23.2), 56.7 (95 %Cl:
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Introduction

Bullous pemphigoid (BP) is a rare autoimmune blistering disease
that typically occurs in the elderly (1) and carries a high risk of
death (2), mainly due to sepsis and cardiovascular events (3). A re-
cent study carried out in Switzerland reported an incidence of 12.1
new BP cases per million people per year which increased up to 50
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33.0-80.4) during acute phase (22 VTE) and 6.3 (95 %Cl: 2.8-11.3)
during remission (9 VTE). The standardised incidence ratio was 4.06
(95%(Cl: 2.73-5.65), higher during the acute phase (14.86, 95 %Cl:
9.20-21.88) than during remission (1.48, 0.66-2.63). The adjusted
hazard ratio of VTE was 2.74 (95 %Cl: 1.07—7.04) for ABSIS >48 vs
ABSIS <28, and 2.56 (95 %Cl: 1.00-6.70) in patients with >2 con-
comitant risk factors. In conclusion, BP patients have a 15-fold in-
creased VTE risk during acute phase, proportional to disease severity
and heightened by concomitant risk factors.
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cases per million in the eighth decade of life (4). It involves the
skin and rarely the mucous membranes and is characterised by the
presence of blisters usually surrounded by erythematous-edema-
tous lesions (P> Figure 1). Autoantibodies against two hemidesmo-
somal antigens (BP 180 and BP 230) play an important role in the
pathogenesis of BP as well as complement activation and leukocyte
infiltration (1). Inflammatory cells, particularly autoreactive T
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Figure 1: Typical cutaneous manifestations in a patient with bullous
pemphigoid: tense blisters surrounded by erythematous-
oedematous lesions.

cells and eosinophils, participate in blister formation by producing
and releasing a number of cytokines and soluble factors that am-
plify and maintain tissue damage (5). The inflammatory response
induces activation of blood coagulation which is involved both
locally, by amplifying the inflammatory network in lesional skin,
and systemically, by leading to a prothrombotic state (6-11). In a
previous study on the involvement of blood coagulation in the pa-
thophysiology of BP, an apparent high frequency of various throm-
botic complications was incidentally found in a series of 130 BP
patients (6). In particular, venous thromboembolism (VTE)
seemed to occur more frequently (6) than in the elderly general
population (12). Although cardiovascular complications are fre-
quently observed in BP patients and are regarded as important
causes of death (3, 13, 14), to date there are no studies on the inci-
dence of VTE in BP, except for the study by Langan et al. (15), who
investigated the main acute medical conditions associated with BP,
finding an increased risk only for pulmonary embolism and pneu-
monia.

In the present multicentre cohort study, the primary objectives
were to estimate the incidence of VTE in patients with a first diag-
nosis of BP (overall and separately in the acute phase of disease
and at remission), and to evaluate whether the risk of VTE is as-
sociated with the inflammatory burden typical of BP. A secondary
objective was to assess the impact of concomitant risk factors on
the risk of VTE.

Patients and methods
Study population

The study cohort included 432 patients consecutively referred for
the diagnosis of BP at 11 Italian Centres (Milan (2 centres), Rome
(2 centres), Florence, Genoa, Turin, Bologna, Padua, Terni and
Brescia) between January 1, 2006 and January 1, 2011. The diag-
nosis of BP was based on clinical, histopathological and immuno-
pathological criteria, and was established on the basis of typical
clinical findings (blisters/erosions of the skin and less frequently of
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the mucous membranes, and/or erythematous-oedematous skin
lesions), as well as histopathological and immunopathological
criteria (6, 7). Histology showed dermoepidermal detachments
and a dermal mononuclear cell inflammatory infiltrate rich in eo-
sinophils. Direct immunofluorescence examination of the perile-
sional skin revealed the linear deposition of IgG or C3 in the base-
ment membrane zone (BMZ) in all patients. Circulating anti-BMZ
autoantibodies were detected by means of ITF on monkey oesoph-
agus substrates performed on 1 mol L' NaCl human split skin,
which disclosed autoantibody binding on the epidermal side in all
patients. Finally, circulating anti-BP180 or anti-BP 230 autoanti-
bodies were found by ELISA.

At diagnosis, the inflammatory burden typical of BP, expression
of its severity, was evaluated using the autoimmune bullous skin
disorder intensity score (ABSIS), the most commonly used and
validated score for patients with blistering skin diseases (16).
Briefly, ABSIS focused on the extent of the affected area and on the
quality of the skin lesions, the extent of which was assessed by the
“rule of nine”. Areas equal to 9% (or its multiple) of the total body
surface area were assessed; the palm of the patient’s hand (and
areas of equivalent size) was set at 1% of body surface area. The ex-
tent of the affected area (in %) was then multiplied by a weighting
factor (1.5 for blisters and erosive/exudative lesions, 1 for erosive/
dry lesions, and 0.5 for re-epithelised lesions).

For all patients demographic and clinical data (including on-
going therapies and the presence of concomitant risk factors for
VTE) were collected at the baseline visit. We considered as con-
comitant risk factors for VTE the following: recent (<3 months)
surgery, trauma or leg fractures, bed rest for more than five days,
previous episodes of VTE, obesity (BMI>30 kg/m?) and cancer.
Obesity and cancer were considered as permanent risk factors, and
the others as transient risk factors. VTE included lower-limb deep-
vein thrombosis (no compression of the calf trifurcation or more
proximal on ultrasonography or an intraluminal filling defect on
venography) or pulmonary embolism (perfusion lung scan or spi-
ral computerised tomography scan). After BP diagnosis, each pa-
tient was treated with systemic corticosteroids (oral prednisone at
initial daily dose of <0.7 mg/kg). During the follow-up, one visit
every month was scheduled for the first three months and then on
clinical grounds. At each follow-up visit, the disease status of the
patient was recorded (acute phase or remission) and therapy
modified accordingly. In case of worsening of disease status (i.e.
occurrence of new blisters or extension of previous skin lesions),
the scheduled visit was made in advance. Moreover, exposure to
concomitant risk factors in the period between two visits was
checked and, in case of hospital admissions for any reason (includ-
ing a VTE episode) or death, medical charts were reviewed. Pa-
tients were invited to report any symptom of VTE, in order to per-
form the appropriate diagnostic work-up, and only objectively-
diagnosed VTE episodes were considered in this study. Superficial
thrombophlebitis, which are often clinically diagnosed, were only
described but not included in the analysis. The study was approved
by the Institutional Review Board of the coordinating hospital and
all patients gave their informed consent to participate into the
study.
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Figure 2: Schematic representation of how
person-time was partitioned into acute
phase and remission for each patient with
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bullous pemphigoid. Each row represents a
possible scenario of a patient during follow-up
at each scheduled visit. At diagnosis, all patients
with bullous pemphigoid are in the acute phase,
then they could alternate some periods of re-
mission and some periods of disease relapse. In
case a remission is achieved after a period of
acute phase, the person-time between the two
visits is split in two equal portions for acute
phase and remission. On the contrary, in case of
relapse after a period of remission, all the per-
son-time between the two visits is assigned to
the remission phase, because we suppose that
the time elapsed between the relapse (start of a
new acute phase) and the subsequent visit is
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very short. PT-YRS=patient-years.

Statistical analysis

Continuous variables were expressed as medians and interquartile
range (IQR), and categorical variables as counts and percentages.
The follow-up period lasted from the date of BP diagnosis until the
date of a VTE event, death, last visit or July 1 2013 (adminis-
trative censoring), whichever came first. The overall incidence rate
of VTE was calculated as the number of VTE episodes divided by
the total number of patient-years of exposure, and the 95% confi-
dence interval (CI) was calculated under the Poisson distribution
assumption. Separate incidence rates of VTE during the acute
phase of BP and at remission were calculated by partitioning the
person-time of each patient into fractions corresponding to each
disease phase (P> Figure 2). All incidence estimates were standard-
ised to those of the general population according to age and sex
(17) through the indirect method. The person-years each individ-
ual of the study population contributed to the follow-up were split
in the different age categories separately for men and women. The
obtained standardised incidence ratio, and its 95%CI, is the ratio
between observed and expected VTE, and represents a measure of
the magnitude of the VTE incidence in the study population
relative to that in the general population of same age and sex (i.e. a
standardised incidence ratio higher than 1 means that the inci-
dence of VTE in individuals with BP is higher than that expected
in a population with the age-year specific rates of the general
population and the person-years distribution observed in the
study population). The cumulative incidence of VTE was calcu-
lated with the Kaplan-Meier method. The hazard ratio (HR) of
VTE according to ABSIS, adjusted for age (continuous), sex (0 =
female, 1 = male) and concomitant risk factors (0, 1, >2), was esti-
mated together with its 95% CI in a multivariable Cox propor-
tional hazard model. ABSIS was first kept continuous and the pos-
sible presence of non-linear effects of the ABSIS distribution on
the log of the relative hazard of VTE was evaluated using a re-
stricted cubic spline function with three knots, and tested by using
the Wald test. Then, ABSIS was divided into tertiles of its distribu-
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tion (<28, 28-48, >48) and the HR of VTE for each tertile was cal-
culated taking the lowest one as reference. In a second multivari-
able Cox proportional hazard model we looked also at a possible
interaction between ABSIS (first continuous and then divided in
two categories (>48 vs <48)) and concomitant risk factors (=2 vs 0
or 1): the HR of VTE, adjusted for age and sex, for each of the four
possible combinations was estimated taking the category of ABSIS
<28 and no or one risk factor as reference. A sensitivity analysis
was carried out in which missing values for ABSIS were substi-
tuted with values obtained from linear interpolation by multiple
imputation. For all statistical analyses, the SPSS PC statistical
package, release 20.0 (IBM SPSS Inc., Chicago, IL, USA) and the

Table 1: Baseline characteristics of the study cohort.

Patient characteristics Values

Total number 432

Sex (M /F) 176 1256

Age at diagnosis (years), median (IQR) 76 (68-82)
Follow-up (years), median (IQR) 4.20 (2.93-6.00)
Deaths, n (%) 92 (21)

Lost at follow-up, n (%) 10 (2.3)
ABSIS, median (IQR) * 39 (22-63)

Concomitant risk factors, n (%) ' -

none 279 (65)
surgery 63 (15)
trauma / bed rest 74 (17)
obesity 27 (6)
cancer 52 (12)

IQR= interquartile range; ABSIS= autoimmune bullous skin disorder intensity
score. * Data not available for 16 patients. * Some patients were exposed to
more than one risk factor.
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Table 2: Standardisation of VTE incidence rates of the study popu-
lation of patients with bullous pemphigoid (BP) according to sex
and age, with the general population as reference.

BP patients
Sex Age Incidence  Study Ob- Expected
(years) rate gen- population served VTE
eral popu- (patient-  VTE
lation * years)
Men 35-44 0.36 12 0 0
45-54 0.76 32 0 0.02
55-64 1.53 62 1 0.10
65-74 2.94 229 1 0.67
75-84 5.46 266 5 1.45
85+ 5.55 143 3 0.79
Women  35-44 0.44 15 0 0
45-54 1.00 52 0 0.05
55-64 1.30 120 0 0.16
65-74 2.14 226 6 0.48
75-84 5.17 408 10 2.1
85+ 1.40 243 5 1.80
Overall 31 7.63

* per 1,000 patient-years. Data obtained from Reference 17.

statistical software R, release 3.0.0 (R Foundation for Statistical
Computing, Vienna, Austria) were used.

Results

Of the 432 BP patients, 256 (59 %) were women, and the median
age was 76 years (IQR 68-82). »>Table 1 shows the baseline char-
acteristics of the study cohort. The median follow-up was 4.2 years
(IQR 2.9-6.0), for a total of 1,807 patient-years (388 for the acute
phase and 1,419 for remission). No patient reported a previous
episode of VTE, making an extensive screening for genetic pro-
thrombotic conditions not mandatory. No patient was taking anti-
coagulants or was under hormone therapy at the time of BP diag-
nosis. The causes of death were the following: heart failure (n=15),
stroke (n=12), cancer (n=9), sepsis (n=8), acute myocardial infarc-
tion (n=8), pulmonary embolism (n=4), undefined (n=36). The 4
deaths related to pulmonary embolism occurred suddenly (n=3)
or within one year (n=1) since its diagnosis, and two deaths (1 for
stroke and 1 for cancer) occurred one to two years after the epi-
sode of VTE. No substantial difference in the ABSIS was evident
between different Centres, and ABSIS positively correlated with
anti-BP180 autoantibodies (Spearman’s rho 0.55; p<0.0001).
Thirty-one objectively-diagnosed VTE episodes (20 lower-limb
deep vein thromboses, 9 deep vein thromboses with pulmonary
embolism and 2 isolated pulmonary embolism) were recorded. All
deep-vein thromboses involved the proximal veins. Three addi-
tional cases of superficial thrombophlebitis were described. The
overall incidence rate of VTE (per 1,000 patient-years) was 17.2
(95%CI: 11.1-23.2). This figure was 56.7 (95 %CI: 33.0-80.4) dur-
ing the acute phase (22 VTE) and 6.3 (95%CI: 2.8-11.3) during
remission (9 VTE). After standardisation with rates of the general

log relative hazard (VTE)

Figure 3: Restricted cubic spline curve
showing the model-predicted log relative
hazard of venous thromboembolism (VTE)
against autoimmune bullous skin disorder
intensity score (ABSIS) levels. Results are ad-
justed for age and sex in a Cox proportional haz-

0 25 50 75 100
ABSIS score

125 ard model. The dashed lines represent 95 % confi-
dence intervals. The non-linear component of the
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curve was not significant (Wald test: p=0.605).
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population according to age and sex (P Table 2), the standardised
incidence ratio was 4.06 (95 %ClI: 2.73-5.65), and was much higher
in the acute phase (14.86 (95%CI: 9.20-21.88)) than during re-
mission (1.48 (95%CI: 0.66-2.63)).

A linear relationship between ABSIS and the log of the relative
hazard of VTE was found (» Figure 3; Wald test, p=0.605 for the
non-linear component). The linear rise on a logarithmic scale cor-
responds to an exponential rise on a non-logarithmic scale. For
every 10-point increase of ABSIS, the risk of VTE increased by
15% (age- and sex-adjusted HR, 1.15 (95% CI: 1.06-1.25)). Com-
pared to BP patients with ABSIS <28, those with ABSIS >48 had
an almost three-fold increased risk of VTE (adjusted HR, 2.74
(95% CI: 1.07-7.04), B> Table 3). The cumulative incidence of VTE
at four years from BP diagnosis was 5% (95%CI: 1-9%) for pa-
tients with ABSIS <28, 9% (95%CI: 3-14%) for patients with
ABSIS between 28 and 48 and 12% (95% CI: 7-17 %) for those
with ABSIS >48.

About two thirds of the BP patients had not been exposed to
any concomitant risk factor (»Table 1). Forty-four patients had
been exposed to two or more risk factors. No patient had been ex-
posed more than once to a transient risk factor. Of the 31 VTE epi-
sodes, 16 (52 %, of whom 13 during acute phase) occurred without
concomitant risk factors, nine (29 %, 6 in acute phase) were related
to one risk factor (transient in 5 and permanent in 4), and six
(19%, 3 in acute phase) occurred in the presence of 22 risk factors
(all transient in 3 cases, 1 transient and 1 permanent in 2 cases,
and both permanent in 1 case). The risk of VTE was 2.5 times
higher in patients sharing two or more risk factors than in those
with no risk factor (adjusted HR, 2.56 (95 %CI: 1.00-6.70), »Table
3). There was a multiplicative interaction between ABSIS and con-
comitant risk factors, as indicated in P>Table 4: patients with
ABSIS >48 and >2 risk factors had a six-fold higher risk of VTE

Table 3: Hazard ratio of VTE according to autoimmune bullous skin
disorder intensity score (ABSIS) and presence of concomitant risk
factors.

Variables  VTE Hazard ratio (95% CI)
no yes

ABSIS *

<28 136 6 1 (Reference)

28-48 106 9 1.81 (0.64-5.15)

>48 143 16 2.74 (1.07-7.04)

Concomitant risk factors

0 263 16 1 (Reference)

1 100 9 1.45 (0.64-3.31)

>2 38 6 2.56 (1.00-6.70)

* Data not available for 16 patients. ' adjusted one for each other and for age and
sex in a multivariable Cox proportional hazard model. Cl=confidence interval.

Table 4: Interaction between autoimmune bullous skin disorder in-
tensity score (ABSIS) and concomitant risk factors on the risk of VTE.

Groups at risk* VTE Hazard ratio
™ yes (95%CI)
ABSIS <48 & RF=0or 1 21 12 1 (Reference)
ABSIS >48 & RF=0or 1 136 13 1.77 (0.81-3.89)
ABSIS <48 & RF >2 31 3 1.82 (0.51-6.47)
ABSIS >48 & RF =2 7 3 6.17 (1.73-22.01)

* ABSIS not available for 16 patients. ' adjusted for age and sex in a multivari-
able Cox proportional hazard model. RF = risk factor; Cl=confidence interval.

4 |
3
Figure 4: Graphical representation of the in- p
teraction between autoimmune bullous skin 2
disorder intensity score (ABSIS) and con- g 2
comitant risk factors on the risk of venous 8
thromboembolism (VTE). ABSIS is kept linear o
and concomitant risk factors are dichotomised [0 = 1 -
or 1 (dashed line), =2 (solid line)]. VTE risk, ad- E
justed for age and sex, is expressed as log of the _3‘ 0

relative hazard in a Cox proportional hazard
model. The risk of VTE associated with ABSIS in-
creases more sharply in individuals with =2 con-
comitant risk factors, and the increased risk of
VTE associated with the presence of >2 risk fac-
tors is more evident for high levels of ABSIS. The

absence of parallelism between the two lines in- 0
dicates interaction (B estimate: 0.11 [95 % Cl:
—0.04 to 0.27] for the interaction term).
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than those with ABSIS <48 and one or no risk factor (adjusted HR:
6.17 (95% CI: 1.73-22.01)). The interaction between ABSIS and
concomitant risk factors can also be visually perceived in P> Figure
4, which shows the linear increase of the log relative hazard of
VTE according to ABSIS separately for BP patients with >2 risk
factors and for those with one or no risk factor (§ estimate: 0.11
(95% CI: —0.04 to 0.27) for the interaction term).

In a sensitivity analysis, where the 16 missing values for ABSIS
were substituted with values obtained from linear interpolation by
multiple imputation, none of the results on VTE risk changed.

Discussion

This multicentre cohort study shows that the risk of developing
VTE is increased four-fold in patients with BP as compared with
the general population of same age and sex. More specifically, the
VTE risk increases up to 15 times during the acute phase of the
disease (indicating a close link between the inflammatory state oc-
curring in active BP and thrombosis), and drops to 1.5 times dur-
ing clinical remission (indicating that a good control of the disease
dramatically reduces the occurrence of thrombotic events). The
tight connection between the inflammatory burden in BP patients
and the risk of VTE is corroborated by the clear association be-
tween ABSIS and thrombotic risk, as the multivariable Cox regres-
sion analysis showed that for every 10-point increase of the ABSIS
the risk of VTE increased by about 15%. Several lines of evidence
support an increased thrombotic risk in acute and chronic inflam-
matory disorders, such as sepsis (18), rheumatoid arthritis (19,
20), autoimmune skin diseases (6, 7), inflammatory bowel diseases
(21), and hypereosinophilic syndromes (22). This may be ex-
plained, at least in part, by the increased expression of tissue factor,
the main initiator of blood coagulation, induced by proinflamma-
tory cytokines such as interleukin 6 (IL-6) and tumour necrosis

What is known about this topic?

e Bullous pemphigoid is a rare autoimmune blistering disease due
to autoantibodies against two hemidesmosomal antigens. It
mainly affects elderly and is progressively becoming an emerging
condition with a high risk of death, due to sepsis and cardiovascu-
lar events.

e Bullous pemphigoid is characterised by marked activation of co-
agulation and to date there are no studies on the incidence of ve-
nous thromboembolism in this disease.

What does this paper add?

e The present multicentre cohort study on a large series of patients
with bullous pemphigoid demonstrated a four-fold increased risk
of venous thromboembolism which reached an increase of 15
folds during the acute phase of the disease.

e The high thrombotic tendency found in patients with bullous
pemphigoid suggests a need for venous thromboembolism pro-
phylaxis, particularly during the acute phase of the disease.
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factor alpha (TNF-a) (23). The strong expression of tissue factor
by eosinophils, demonstrated in BP lesional skin (6), and the elev-
ated levels of prothrombin fragment F1+2 and D-dimer in both
blister fluid and plasma (6, 7, 10) indicate an activation of coagu-
lation in BP patients. Coagulation activation generates thrombin,
which may play a role at local level, by increasing vascular permea-
bility (24, 25), and at systemic level, by increasing thrombotic risk.

Of particular interest was the interaction between ABSIS and
concomitant risk factors on the subsequent risk of VTE. Patients
with a high ABSIS and carrying two or more risk factors had a
much higher risk of VTE than those with only one of the two con-
ditions, indicating a possible synergistic effect. Considering the
potential impact of genetic risk factors and hormonal treatment on
the risk of VTE, we can say that no patient was taking hormonal
compounds and that the old age of the patients and the absence of
previous VTE episodes made the search for inherited thrombo-
philic defects not mandatory.

The results of our study imply some practical considerations.
The high thrombotic tendency found in patients with BP, particu-
larly evident during the acute phase of the disease, suggests a need
for studies on the efficacy and safety of VTE prophylaxis in BP
with antithrombotic drugs in this phase. Indeed, the 6% absolute
risk of VTE found in the acute phase (incidence rate, 56.7 per
1,000 patient-years) outweights the absolute risk of major bleeding
during extended-duration thromboprophylaxis in acutely-ill
medical patients (less than 1%) (26).

Strengths of this study are its large sample size relative to the
rarity of the disorder, the low frequency of loss to follow-up and
the wide panel of clinical parameters evaluated. Due to the rarity
of the exposure (BP), its relationship with the VTE risk can only be
addressed with a cohort study, as other approaches (i.e. case-
control or case-cohort studies) would not be feasible.

The main limitation of this study is that we could not establish
the exact cause of death in some of the 92 patients who died dur-
ing the follow-up. In 36 cases the cause was not specified, and in 15
the reported cause was heart failure. The possibility that some of
these deaths were related to pulmonary embolism can not be ruled
out. However, this would have led to an underestimation of the
true risk of VTE associated with BP, thus reinforcing our finding of
a strong association between BP and risk of VTE. The possibility
that only severe cases of BP would have been included in this study
can be reasonably ruled out because the diagnosis of BP is based
on laboratory investigations performed only in referral centres,
and all patients (whatever the severity of the disease) are followed
by the same centres after diagnosis. Another possible limitation is
that, in the absence of data on the VTE incidence in the general
Italian population, we standardised VTE rates of our Italian cohort
of BP patients by using rates of a large Norwegian population as
standard (17). However, this is not a major source of bias, because
the incidence rates of VTE in Caucasians in the industrialised
world do not differ much over country and over time (17, 27). To
further verify our findings, we have redone calculations of stan-
dardised incidence rates during the acute phase of BP using VTE
rates of a French population as standard (27), and found a
standardised incidence ratio of 11.6 (95%CI: 7.0-16.6), similar to
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that found by using Norwegian data. Steroid use was not included
in the multivariable Cox model because all BP patients were given
the same scheduled steroid treatment after BP diagnosis. Previous
publications (28) revealed an increased risk for VTE under ste-
roids. Our data show that this correlation is probably due to active
disease phases in which steroids are administered rather than to
pharmacological properties of steroids.

In conclusion, this study showed that patients with BP have a
four-fold increased risk of VTE compared to individuals of the
general population of same age and sex. This risk is much higher
during the acute phase (up to 15-folds) and is directly proportional
to the disease intensity. The presence of concomitant risk factors
further increases the risk of VTE.
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