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Abstract

Background: Adverse pregnancy outcomes (APO) occur in 35% of patients with pem-
phigoid gestationis (PG). No biological predictor of APO has been established yet.
Objectives: To assess a potential relationship between the occurrence of APO and
the serum value of anti-BP180 antibodies at the time of PG diagnosis.

Methods: Multicentre retrospective study conducted from January 2009 to December
2019 in 35 secondary and tertiary care centres. Inclusion criteria: (i) diagnosis of PG
according to clinical, histological and immunological criteria, (ii) ELISA measure-
ment of anti-BP180 IgG antibodies determined at the time of PG diagnosis with the
same commercial kit and (iii) obstetrical data available.

Results: Of the 95 patients with PG included, 42 had one or more APO, which mainly
corresponded to preterm birth (n =26), intrauterine growth restriction (IUGR)
(n =18) and small weight for gestational age at birth (# =16). From a ROC curve, we
identified a threshold of 150IU ELISA value as the most discriminating to differen-
tiate between patients with or without IUGR, with 78% sensitivity, 55% specificity,
30% positive and 91% negative predictive value. The threshold >150IU was confirmed
using a cross-validation based on bootstrap resampling, which showed that the me-
dian threshold was 1591U. Upon adjusting for oral corticosteroid intake and main
clinical predictors of APO, an ELISA value of >150IU was associated with the occur-
rence of IUGR (OR = 5.11; 95% CI: 1.48-22.30; p = 0.016) but not with any other APO.
The combination of blisters and ELISA values higher than 1501U led to a 2.4-fold
higher risk of all-cause APO (OR: 10.90; 95% CI: 2.33-82.3) relative to patients with
blisters but lower values of anti-BP180 antibodies (OR of 4.54; 95% CI 0.92-34.2).
Conclusion: These findings suggest that anti-BP180 antibody ELISA value in com-
bination with clinical markers is helpful in managing the risk of APO, in particular
IUGR, in patients with PG.

INTRODUCTION

Pemphigoid gestationis (PG) is a rare pregnancy-associated
autoimmune bullous disease. Its incidence ranges between
1/20 000 and 1/50 000 pregnancies. The disease most
frequently begins in the second or the third trimester of

pregnancy. PG can be associated with adverse pregnancy
outcomes (APO) such as preterm birth and decreased ges-
tational age at delivery in 34% to 37% of cases among the
series.””* Chi et al. reported that APO were associated with
early onset of PG and presence of blisters, which are both
markers of the severity of PG.*
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PG is associated with the production of autoantibod-
ies directed against the NCI6A epitope of BP180, a trans-
membrane protein of the hemidesmosomes.>® We recently
showed the high sensitivity and specificity of enzyme-
linked immunosorbent assay (ELISA) assay for the de-
tection of anti-BP180 antibodies in patients with PG.”
Additionally, the serum level of PG anti-BP 180 antibodies
seems to correlate with the disease activity according to the
literature data.” "

Huilaja et al. found that BP-180 was expressed in PG am-
niotic membranes even during the first trimester'' and an-
ti-BP180 antibodies IgG1 deposits have been observed on the
basement membrane of placentas in PG patients.'* Moreover,
mild villitis and immature villous structures have been ob-
served in PG placentas, which suggests that anti-BP180 an-
tibodies might induce epithelial-stromal microseparation in
placenta, and lead to placenta functional failure."

To assess a potential relationship between the occurrence
of APO and anti-BP180 antibodies, we assessed the associa-
tion between anti-BP180 IgG antibody ELISA values at the
time of PG diagnosis and the occurrence of APO in 95 pa-
tients with PG.

PATIENTS AND METHODS
Study oversight and participants

We conducted a retrospective study in eight general hospi-
tals and 27 university hospitals in France. This study was ap-
proved by the Institutional Review Board of Rouen University
Hospital (N°E2021-34). Inclusion criteria were as follows: (i)
patients with a diagnosis of PG occurring during pregnancy,
based on suggestive clinical features (blisters and/or urti-
carial skin lesions), (ii) direct immunofluorescence showing
IgG and/or C3 deposit along the dermal-epidermal junc-
tion, (iii) detection of anti-BP180 IgG antibodies by ELISA
(commercial kit Euro-immun threshold min 20IU/ml-max
2001U/ml) performed at the time of PG diagnosis and (iv)
patients' clinical characteristics and evolutive data available
from the beginning to the end of the pregnancy. Patients
whose PG started after delivery were excluded.

Study assessments and outcomes

Patients with PG followed between 1 January 2009 and 31
December 2019 in the participating centres were identified
using the computerized database of the immunology labora-
tory of the French reference centre for autoimmune bullous
skin diseases in Rouen. The available serum samples with
a BP180 ELISA value equal to or higher than 2001U, which
corresponds to the highest quantitative value measurable by
the commercial kit used, were secondarily diluted in accord-
ance with the recommendations of the reagent manufac-
turer, in order to determine the precise anti-BP180 antibody
titters.

Patients' clinical characteristics at diagnosis and their
clinical course were retrospectively retrieved from derma-
tology and obstetrical medical records.

Pregnancy outcomes reported to be associated with PG
in the literature were recorded, that is prematurity (birth be-
fore 37 weeks of pregnancy), intrauterine growth restriction
(IUGR, i.e. a pathological growth restriction, with an esti-
mated birth weight below the 10" percentile for gestational
age), small for gestational age at birth (i.e. birth weight below
the 10" percentile), preterm labour (i.e. regular contractions
and concomitant cervical changes), spontaneous miscar-
riage (early or late) and in utero foetal death.

Additional factors potentially responsible for adverse
pregnancy outcomes such as intake of oral corticosteroids,
diabetes mellitus, arterial hypertension and infection were
also recorded.

Statistical analysis

Quantitative variables were summarized as mean+stand-
ard deviation or median with interquartile range (IQR) de-
pending on their distribution (graphical verification and
Kolmogorov-Smirnov test) with corresponding 95% confi-
dence interval (CI) and compared between groups using the
Mann-Whitney nonparametric test. Categorical data were
expressed as percentages and compared between groups using
Pearson's chi-square test or Fisher's exact test, as appropriate.
Logistic regression models were used to estimate crude and
adjusted odds ratios (OR) with corresponding 95% CI.

A receiver operating characteristic (ROC) curve was esti-
mated, to help determine optimal cut-off values of baseline
anti-BP180 ELISA values to predict the occurrence of IUGR.
The area under the ROC curve (AUC) was estimated along
with the corresponding 95% CI, and the estimated AUC was
compared to 0.5 to assess the overall diagnostic value. The
threshold that produced the highest sum of sensitivity and
specificity (i.e. highest Youden's index) was considered the
most discriminating. Internal cross-validation of optimal
threshold selection based on bootstrap resampling was per-
formed using 2000 bootstrap replicates.

All statistical analyses were performed using SAS version
9.4 software (SAS Institute) and R software (R Core Team
(2021). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/). For all analyses, a
p-value less than 0.05 was considered statistically significant.

RESULTS

Baseline characteristics and clinical course of
patients

Among the 115 patients with PG identified from the da-
tabase, five patients had a PG which started after delivery,
one patient had a voluntary termination of pregnancy, and
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the outcome of pregnancy could not be recorded in 14 pa-
tients. Finally, 95 women with PG of which 19 were primi-
parous were included and analysed. Their mean age was
32.9+6.0years, which was slightly older than the 30.3years
mean age of pregnant women in France.

Main clinical data are summarized in Table 1.

Median anti-BP180 antibody ELISA value at the time of
diagnosis was 1441U (IQR 96-186; 95% CI: 122-166). Patients
with blisters had higher anti-BP180 ELISA values than those
without blisters (median 1591U; IQR 112-192; 95% CI 129-
180 vs. 1041U; IQR 84-144; 95% CI: 83-144; p = 0.008).

A total of 42 patients had one or more APO. Main causes
of APO were prematurity (n = 26), IUGR (n = 18) and small
for gestational age at birth (n = 16). Main risk factors for the
occurrence of APO are mentioned in Table 1.

Patients with all-cause APO and to a lesser degree pa-
tients with premature delivery had blistering lesions more
frequently than those with good pregnancy outcomes 88.1%
versus 69.8%, p = 0.033 and 88.5% versus 70.5%, p = 0.073,
respectively.

Assessment of the predictive value of anti-BP180
antibody ELISA values for the occurrence of
adverse pregnancy outcome

Median anti-BP180 antibody ELISA values of patients with
or without APO were 1601U (IQR 116-1901U; 95% CI
124-180) versus 131IU (IQR 92-1821U; 95% CI 112-160)
(p = 0.234).

We then assessed the median anti-BP180 antibody ELISA
values separately in patients who had the most frequently
observed APO, corresponding to prematurity, IUGR and
small for gestational age at birth, despite the relatively lim-
ited number of patients from 16 to 26 in each group (Table 2).

Patients with ITUGR tended to have higher median an-
ti-BP180 antibody values than patients with normal intra-
uterine growth curves, 1761U (IQR 134-2081U; 95% CI:
118-210) versus 1321U (IQR 94-1811U; 95% CI: 115-160)
although this trend was not significant (p = 0.111).

To determine the subpopulation of PG patients who were
at a higher risk of IUGR, a ROC curve was estimated to help
to determine cut-off values of anti-BP180 antibody ELISA
values predictive for the occurrence of IUGR (Figure 1).
Discrimination between patients with or without IUGR was
moderate (AUC = 0.63 95% CI: 0.46-0.80). Using Youden's
index, we identified that a baseline anti-BP180 antibody
ELISA value of 150IU was the most discriminating to dif-
ferentiate between patients with or without IUGR, with 78%
sensitivity, 55% specificity, 30% positive and 91% negative
predictive value and highest Youden's index of 0.33 for the
occurrence of [UGR. There were 14/18 (77.8%) patients with
IUGR versus 33/74 without IUGR (44.6%) with value of at
least 1501U (p = 0.012) corresponding to a crude OR of 4.35;
95% CI: 1.41-16.5; p = 0.017. This difference was confirmed
in multivariate analysis upon adjusting for oral corticoste-
roid intake, trimester of pregnancy at diagnosis and clinical

blistering lesions (adjusted OR = 5.11; 95% CI: 1.48-22.30;
p=0.016).

Since the ROC curve did not show a clear inflexion point,
we also examined the accuracy of a higher anti-BP180 anti-
body ELISA value of 200U, which corresponds to the high-
est quantifiable value of the ELISA commercial kit used. A
baseline anti-BP180 antibody ELISA value of 200IU or more
provided 44% sensitivity, 82% specificity, 38% positive and
86% negative predictive value and a Youden's index of 0.26
corresponding to an adjusted OR of 3.84; 95% CI: 1.14-13.40;
p =0.030 for the occurrence of [UGR.

Cross-validation based on bootstrap resampling iden-
tified a threshold of 150IU of anti-BP180 antibody ELISA
value as optimal in 30.5% of bootstrap replicates (Figure 2).
The median threshold was 1591U (IQR: 151-1841IU). The
range of anti-BP180 antibody ELISA value between 150 and
2001U included 71.3% of bootstrap replicates.

Patients who had both risk factors of APO (i.e. an an-
ti-BP180 antibody ELISA value higher than 1501U and clin-
ical blistering lesions) had a 2.4 higher risk of all-cause APO
relative to those with only the clinical predictor (i.e. blisters):
adjusted ORs of 10.90; 95% CI: 2.33-82.3; and 4.54; 95% CI:
0.92-34.2, respectively.

DISCUSSION

This study suggests that the measurement anti-BP180 anti-
body ELISA values determined at the time of diagnosis may
be a valuable biomarker in addition to the presence of clinical
blisters to predict the occurrence of APO in patients with PG.

In our series, the proportions of main types of APO
(prematurity, small-for-gestational-age at birth) were close
to those reported in two large series of PG in the literature
though the proportion of IUGR was not reported in those
series.”"? The higher frequency of all-cause APO in patients
whose PG started during the first or second trimester of
pregnancy that we observed in our series was also consistent
with the literature.”

We confirmed the findings by Chi C et al. who identi-
fied the presence of blistering lesions as a predictor for the
occurrence of APO. In their series, the presence of blisters
was associated with a decreased gestational age at delivery
and prematurity but they did not evidence any relation-
ship with other APO, including small for gestational age at
birth.* Unfortunately, anti-BP180 antibody ELISA values
were not recorded in their study. As previously described,
we observed that patients with blistering lesions had higher
anti-BP180 antibody ELISA values than those with nonblis-
tering PG which corroborate the correlation between high
level of anti-BP 180 antibodies and the severity of the mater-
nal disease reported in the literature.”*

We observed that anti-BP180 antibody ELISA values
higher than 150 IU were only associated with the occurrence
of IUGR, while we did not evidence any relationship between
these anti-BP180 ELISA values and other types of APO such
as prematurity or small for gestational age at birth.
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TABLE 1 Main clinical characteristics of the 95 PG patients.
APO?
Total No Yes p-value
N 95 53 42
Age at diagnosis of PG 32.9+/-6.0 33.2+/-6.4 D H= 53 0.747
95% CI [31.6; 34.1] [31.4; 35.0] [30.8; 34.2]
Unknown 0
Diabetes mellitus (medical history or gestational) 16 (17.0%) 10 (18.9%) 6 (14.6%) 0.588
Unknown 1 1
Hypertension (medical history or gestational) 5(5.3%) 3 (5.7%) 2 (4.9%) >0.999
Unknown 1 1
Infection during pregnancy 7 (7.7%) 2 (3.8%) 5 (12.8%) 0.134
Unknown 4 1 3
Corticosteroid intake 47 (49.5%) 22 (41.5%) 25 (59.5%) 0.081
Unknown 0
Trimester of pregnancy at diagnosis of PG 0.001
st 6 (6.1%) 1(1.9%) 5(12.2%)
2nd 44 (47.3%) 19 (36.5%) 25 (61.0%)
3rd 43 (46.2%) 32 (61.5%) 11 (26.8%)
Unknown 2 1 1
Presence of bullae 74 (77.9%) 37 (69.8%) 37 (88.1%) 0.033
Unknown 0
If bullae, number 0.254
<10 bullae 50 (69.4%) 29 (78.4%) 21 (60.0%)
[10-50] bullae 13 (18.1%) 5 (13.5%) 8(22.9%)
>50 bullae 9 (12.5%) 3(8.1%) 6 (17.1%)
Unknown 2 0 2
Prematurity 26 (28.9%) 0 (0.0%) 26 (70.3%) <0.001
+ other(s) APO 11 11
Not applicable (without delivery) - Unknown 4-1 0-0 4-1
Intrauterine growth restriction-ITUGR 18 (19.6%) 0 (0.0%) 18 (46.2%) <0.001
+ other(s) APO 15 15
Not applicable (without delivery) - Unknown 1-2 0-0 1-2
Small for gestational age at birth-SGA 16 (19.8%) 0 (0.0%) 16 (47.1%) <0.001
+ other(s) APO 13(11 IUGR) 13
Not applicable (without delivery) - Unknown 1-13 0-6 1-7
Preterm labour 4 (4.3%) 0 (0.0%) 4 (10.0%) 0.031
+ other(s) APO 3 3
Not applicable (without delivery) - Unknown 0-2 0-0 0-2
Late spontaneous miscarriage 1(1.1%) 0 (0.0%) 1(2.4%) 0.442
+ other(s) APO 0
Not applicable (without delivery) - Unknown 0-0
In utero foetal death 3 (3.2%) 0 (0.0%) 3 (7.1%) 0.083
+ other(s) APO 2 (IUGR) 2
Not applicable (without delivery) - Unknown 0-0

*Missing data for five patients who had delivery of an alive baby without information for IUGR, SGA, preterm labour or prematurity.
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TABLE 2

Patients with APO (n)

Patients with one or more
APO

Prematurity

Intrauterine growth
restriction-TUGR

Small for gestational age at
birth-SGA

Preterm labour

Late spontaneous miscarriage

In utero foetal death

Not applicable -not

known

42 1°

1°-13°¢

0-0

Comparison of anti-BP180 ELISA values in patients with and without adverse pregnancy outcome (APO).

Yes No

n n p-value

Median. (Q1-Q3) Median. (Q1-Q3)

[95% CI] [95% CI]

42 53

160 (116-190) 131 (92-182) 0.234

[124; 180] [112; 160]

26 61

148 (114-190) 130 (91-178) 0.545

[114; 190] [112; 160]

18 74

176 (134-208) 132 (94-181) 0.111

[118;210] [115; 160]

16 65

155 (120-206) 136 (91-183) 0.499

[76; 250] [112; 168]

4 89

127 (98-268) 144 (95-187) 0.941

Not calculable [122; 168]

1 94

8 144 (96-186) Not calculable
[122; 166]

3 92

184 (180-194) 141 (94-184) 0.120

Not calculable [121; 160]

“Four patients without delivery (late spontaneous miscarriage n = 1, in utero foetal death n = 3).

®One patient for whom the data are missing for prematurity.

“One patient with late spontaneous miscarriage.

4Two patients for whom the data are missing for TUGR.

“Thriteen patients for whom the data are missing for SGA.

Two patients for whom the data are missing for preterm labour.

8Serum sample with a BP180 ELISA value equal to or higher than 2001U (which corresponds to the highest quantifiable value of the commercial kit used) not available for

dilution.
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We estimated that a threshold of 150IU of anti-BP180
ELISA value provided a 30% positive and 91% negative pre-
dictive value with an adjusted OR = 5.11 (95% CI: 1.48-22.30;
p = 0.016) for the occurrence of IUGR. This threshold might
be of interest for clinicians, given the low risk of IUGR in pa-
tients with an anti-BP180 antibody ELISA value lower than
1501U, which may somehow reassure patients on the likely
good outcome of their pregnancy. The higher ELISA value
of 200IU that we also examined only slightly increased the
positive predictive value for the occurrence of IUGR from
30% to 38% while provided a slightly lower negative predic-
tive value (86% vs. 91%) with an adjusted OR of 3.84; 95%
CI: 14-13.40; p = 0.030. This result suggests to rather con-
sider the 150IU threshold from which the close monitoring
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401 in combination with clinical markers (i.e. presence of blis-
Curve Kernel (¢ =0.79) ters and early onset of the disease) to manage these patients.
304 . The identified thresholds should ideally be tested on another
retrospective cohort of patients with PG since a prospective
£ study is unlikely, given the rarity of the disease.
© 20
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Cut-off values of anti-BP180 antibody ELISA

FIGURE 2 Distribution bootstrap cut-off values of anti-BP180 IgG
antibody ELISA for the occurrence of TUGR.

of patients at high risk of IUGR is required according to the
recommendations of the international guidelines.'*

Interestingly, the presence of both risk factors of APO (i.e.
anti-BP180 antibody values higher than 1501U and clinical
blisters) provided a twofold increased risk of all-cause APO
relative to patients with only the clinical predictor (presence
of blistering lesions), which emphasizes the interest of the
measurement of anti-BP 180 antibodies and strongly sug-
gests considering the combination of these two predictors
for the management of PG patients.

This study has some limitations. First, the optimal thresh-
old that was selected from the ROC curve analysis and using
the Youden's index should be considered with caution; in
particular, the 150U threshold for the occurrence of [IUGR
should not be taken at face value in view of cross-validation
analysis showing substantial variability in optimal thresh-
old selection. Rather, any threshold in the range of 150 to
2001U could be considered as optimal at this stage. In view
of this uncertainty, one might argue to feel more reasonable
to propose a discriminating value corresponding to a range
of anti-BP180 antibody ELISA value between 150 and 200 IU
since this interval included the optimal threshold in 71.3% of
bootstrap replicates. Second, we could not assess the potential
interest of the anti-BP180 antibody change over time in this
retrospective study, in which serum samples were collected
only once at the time of diagnosis. In particular, one might
hypothesize that the persistence of high levels of anti-BP180
antibody values under treatment might have a deleterious
prognostic effect. Finally, despite a rather large sample of 95
patients for such a rare disease as PG, the study lacks power
in view of the rather small number of patients from 1 to 26
in each type of APO and this may explain why many inter-
group differences were only borderline significant.

CONCLUSION

Opverall, this study based on a large series of patients with PG
suggests considering anti-BP180 IgG antibody ELISA values
as a biological predictor of APO, especially IUGR, helpful
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