Protocol

Open access

BM)J Open

To cite: Tidemandsen C,
Juul Gade E, Ulrik CS, et al.
Treatment with the anti-

IgE monoclonal antibody
omalizumab in women with
asthma undergoing fertility
treatment: a proof-of-concept
study—The PRO-ART

study protocol. BMJ Open
2020;10:6037041. doi:10.1136/
bmjopen-2020-037041

» Prepublication history and
supplemental material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2020-
037041).

Received 16 January 2020
Revised 05 September 2020
Accepted 22 September 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to

Dr Casper Tidemandsen;
casper.tidemandsen.02@
regionh.dk

Treatment with the anti-IgE monoclonal
antibody omalizumab in women with

asthma undergoing fertility treatment: a
proof-of-concept study — The PRO-ART

study protocol

Casper Tidemandsen

,! Elisabeth Juul Gade,? Charlotte Suppli Ulrik,’

Henriette Svarre Nielsen,® Birgitte Sophie Oxlund-Mariegaard,*
Karsten Kristiansen,® Nina La Cour Freiesleben,3 Bugge Nrahr,6 Hanne Udengaard,6

Vibeke Backer’

ABSTRACT

Introduction Asthma is associated with prolonged time
to pregnancy and a higher need for fertility treatment.
However, the mechanism underlying this association
remains incompletely understood. Previous research
points to asthma-driven systemic inflammation also
affecting the reproductive organs and thereby fertility.
The aim of this study was to determine if treatment
with omalizumab prior to fertility treatment will

increase pregnancy rate among women with asthma by
decreasing the systemic asthma-related inflammation
and, by that, to provide insight into the underlying
mechanisms.

Methods and analysis This is an ongoing prospective
multicentre randomised controlled trial planned to enrol
180 women with asthma recruited from fertility clinics
in Denmark. The patients are randomised 1:1 to either
omalizumab or placebo. The primary endpoint is the
difference in pregnancy rate confirmed with ultrasound
at gestational week 7 of pregnancy. The secondary
endpoints are change in sputum and blood eosinophil
cell count, change in biomarkers, change in microbiota,
together with rate of pregnancy loss, frequency of
malformations, pre-eclampsia, preterm birth, birth
weight, small for gestational age and perinatal death
between groups.

Ethics and dissemination The methods used in this
study are of low risk, but if successful, our findings

will have a large impact on a large group of patients

as infertility and asthma are the most common chronic
diseases among the young population. The study has
been approved by the Ethics Committee—Danish national
research ethics committee (H-18016605) and the Danish
Medicines Agency (EudraCT no: 2018-001137-41) and
the Danish Data Protection Agency (journal number: VD-
2018486 and I-Suite number 6745). The test results will
be published regardless of whether they are positive,
negative or inconclusive. Publication in international
peer-reviewed scientific journals is planned.

Trial registration number NCT03727971.

Strengths and limitations of this study

» Large randomised controlled trial with 180
participants.

» Participants recruited from four different fertility

clinics reducing selection bias.

Double blinded.

National study (only Denmark).

Only allergic women with asthma.

vvyy

BACKGROUND

Asthma is one of the most common chronic
diseases among women of reproductive age
characterised by both airway and systemic
inflammation, reversible airway obstruction
and airway hyper-responsiveness. The disease
has a global prevalence of approximately
300 million patients." In the Western part of
the world, asthma and infertility are among
the most frequent chronic disorders in young
adults (figure 1).

Several links have been established
between asthma and the female reproduc-
tion as uncontrolled asthma both seems to be
associated with a reduction in fertility and an
increase in adverse perinatal outcomes. It has
recently been shown that women with asthma
have prolonged time to pregnancy (TTP)?
and a tendency towards a higher number of
miscarriages.” Furthermore, a study, looking
at asthma patients who recently had given
birth to a full born child (n=1106) and a
matched control cohort (n=4511), found
that TTP was longer among asthmatics.*
These findings, in infertile asthma patients,
suggest an inflammatory involvement of the
reproductive organs preventing an optimal
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Figure 1 Prevalence of chronic disease among young
adults. Figure adapted from ‘Nielsen et al.*"

implantation of the embryo. Maternal asthma has further-
more been associated with several pregnancy complica-
tions, such as gestational hypertension, pre-eclampsia,
gestational diabetes and small for gestational age.”™

PREVIOUS RESEARCH

Asthma affects pregnancy rate and thereby fertility by
prolonging TTP* ® The negative effect of asthma on
fertility increases with increasing age (above 35 years).’
Furthermore, the different respiratory microbiota'’ or
the difference in uterus and gut microbiota between
normal and asthmatics might have significant importance
for fertility."

Unexplained infertile patients with asthma have lower
values of vascular endothelial growth factor (VEGF) in
the uterine cavity."” This is of importance as high levels of
VEGF are associated with successful pregnancy and twin
pregnancies.”” '* One hypothesis is that the concentra-
tion of VEGF in the lungs and the uterus is related to the
microbiota, as previously reported based on samples from
the intestinal tract of patients with chronic colitis."” This
could affect the receptiveness of the endometrium.

Non-atopic asthma is common among patients with
adult-onset asthma and is often of neutrophilic pheno-
type. It is, however, unknown whether phenotypes of
asthma, the eosinophilic (also referred to as T2 asthma)
and the non-eosinophilic (often neutrophilic or non-
T2), are of importance for the fertility, as it has never
been investigated. This could be the case as treatment
response to inhaled corticosteroid (ICS) differs between
phenotypes of asthma. T2 disease is characterised by
increased eosinophilic airway inflammation.'® The treat-
ment response to ICS is reduced in neutrophilic asthma
(non-T2 disease), whereas the eosinophilic asthma
patients, with T2 disease, are more sensitive to ICS. The
different response to treatment, suggest a difference in
the inflammatory mechanism, indicating that the pheno-
type might be of importance to fertility.

Treatment of allergic asthma with omalizumab works
systemically by blocking the IgE receptor and reducing
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the systemic inflammation.'” Omalizumab is a human-
ised anti-IgE monoclonal antibody that selectively binds
to free IgE, which in turn decreases the level of IgE in
the serum; it also reduces the number of high-affinity IgE
receptors on mast cells, basophils and dendritic cells. This
change in the mast cell degranulation decreases serum
interleukin-31 levels, reversing basopenia and changing
the basophil IgE receptor functions.'

The mechanism behind the association between
asthma and infertility is still largely unknown. This study
will hopefully give insight into this important question.
The aim of our study was to determine if treatment with
omalizumab prior to fertility treatment will increase preg-
nancy rate among women with asthma.

METHODS

Objectives

To explore differences in pregnancy rate between asth-
matic women (with IgE >75kU/L) receiving both stan-
dard asthma treatment and omalizumab treatment versus
asthmatic women receiving standard asthma treatment
and placebo. Pregnancy rate is defined as ongoing preg-
nancy confirmed with ultrasound in gestational week 7,
after one of three consecutive embryo transfers, both
fresh and frozen embryos.

Primary outcome

To compare pregnancy rates in asthma patients under-
going in vitro fertilisation (IVF)/intracytoplasmatic
sperm injection (ICSI) treatment when treated with
either omalizumab or placebo in up to three consecutive
fertility treatments with embryo transfer.

Secondary outcomes

A. Change in sputum and blood eosinophil cell count
(before and after treatment).

B. Change in VEGF, C reactive protein (CRP), interleu-
kin-6 (IL-6), interleukin-8 (IL-8), IgE, tumour necro-
sis factor alpha (TNFa), eosinophil cationic protein
(ECP) in blood, sputum and uterus secretion (before
and after treatment).

C. Changes in the microbiota in sputum, the vagina, the
uterus and the rectum (before and after treatment).

D. Rate of pregnancy loss, that is, difference between pos-
itive s-hCG (>3 IU/L) day 14 and ongoing pregnancy
gestational week 7, gestational week 12 and birth.

E. Number of malformations, preterm, pre-eclampsia,
perinatal death, Small for Gestational Age (SGA),
birth weight in both groups.

STUDY DESIGN, RANDOMISATION AND INTERVENTION

The investigational medicinal product (IMP)—omali-
zumab have been manufactured and marketed with the
indication severe allergic asthma since 2005 and later also
for chronic spontaneous urticaria. In this study, we will
investigate the effect of omalizumab on infertility among
women with asthma, which at present is not an indication
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Figure 2 Flowchart of patients through the study.

for the IMP. Therefore, the present study will be run as a
phase Ila study, that is, proof-of-concept study (figure 2).
This protocol is a randomised, double-blind, parallel
group, study to evaluate the difference between omali-
zumab (O) and placebo (P) on pregnancy rate in patients

with allergic asthma. Treatment schedule (table 1):

» At enrolment, the subjects will have 1-2 weeks of run-in

(diagnosis of asthma) with collection of questionnaire
data and baseline values. No collection of biomaterial
will be done at the time of enrolment, as this will be on
different time points of the female cycles.
The subjects are randomised to either the omalizumab
treatment group or the placebo group by a computer-
based programme blinded to all investigators. Patients
will be randomised in blocks of 10, and 16 blocks in total.
It will be an automated random assignment of subject
numbers to randomisation numbers. These randomi-
sation numbers are linked to different treatment arms,
which in turn are linked to medication numbers.

» On day 6 (x1 day) of the menstrual cycle, biomaterials
are collected (blood samples, sputum, secretion of the
vagina, secretion of the rectum, microbiota).

» The omalizumab or placebo treatment is adminis-
tered as one injection of weight and se-IgE balanced
omalizumab or one injection of placebo on the sixth
day (+1day) of the menstrual cycle after collection of
the biomaterial.

» After omalizumab treatment and in-between egg aspira-
tion and embryo transfer, biomaterial (blood samples,
sputum, secretion of the vagina, secretion of the rectum,
secretion of the uterus, microbiota) will be collected once
more. If no pregnancy has occurred after the first embryo
transfer, the omalizumab or placebo treatment will be
repeated for additional two cycles with IVF/ICSL

I unsuccessful

pregnancy

Inot If not
pregnant,

round of
medicine medicine

» Pregnant subjects are followed up until delivery or
pregnancy loss.

» The subjects will be followed up 1year after the last
embryo transfer.

Selection of participants

At the first consultation at the fertility clinic, the potential
participants will be given a questionnaire with 20 standardised
European Academy of Allergy and Clinical Immunology
(EAACI) clinical questions regarding asthma and allergy
(validated as an asthma and allergy screening tool). If the
women respond positively to one or more questions of the
questionnaire, they will be contacted and screened for the
presence of asthma and possible inclusion in the project.

This study will enrol females, 18—40 years of age with stable
asthma with an ACQ<1.5. The subjects must have a total IgE
>75kU/L or/and a positive skin prick test or specific IgE of
standard aeroallergens. The treatment at the time of enrol-
ment should be The Global Initiative for asthma (GINA)
guidelines step 1 to step 4, which is short-acting beta2-agonist
(SABA) with or without controller treatment with ICS, and
lastly, additional second controller with montelukast or
long-acting beta2-agonist, if needed (GINA 1-4)." In case of
uncontrolled asthma (ie, ACQ>1.5), inclusion will be post-
poned for 4weeks, in which period asthma treatment will be
optimised and the subjects can be re-screened for enrolment
when ACQ<1.5 over the last 2 weeks.

‘Women eligible for the study must be infertile due to tubal
factor infertility or unexplained infertility and/or the partner
has male factor infertility. Women with other causes of infer-
tility are not eligible for inclusion in the study.

Inclusion criteria
» Informed consent (online supplemental file 1).
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» Diagnosis of asthma verified at
enrolment).

» Total IgE 275 kU/L or/and a positive skin prick test or
specific IgE to standard aeroallergens.

» Infertility due to male factor infertility, tubal factor
infertility or unexplained infertility.

» Referred to IVF treatment with or without ICSI.

» Willingness to receive treatment with biologic drug.

» Controlled disease with an ACQ<1.5.

(objectively

Exclusion criteria

» Other respiratory diseases than asthma.

» Other inflammatory disease or a disease that affects
fertility.

» Allergy to the investigational drugs.

» Respiratory infections requiring antibiotics or anti-
viral treatment within 30 days.

» Current smokers and tobacco consumption more
than 10 pack-years.

» Testicular sperm aspiration/testicular sperm extrac-
tion, polycystic ovary syndrome, endometriosis.

» Infertility due to other reasons than male factor, tubal
factor or unexplained infertility.

Methods for ensuring blinding

All packaging and labelling of the biological drugs and
placebo will be done in a way that ensures blinding for the
investigator site staff. Herlev Apotek, the hospital pharmacy at
the Capital Region, will manage randomisation and blinding.
Injection of the study drug/placebo will be administered by
aunblinded study nurse who have no affiliations to the study.

MEASUREMENTS

Basic values

At the time of enrolment, weight, height and pregnancy
status (s-hCG) will be measured in all patients.

Lung function measurement

Spirometry and lung volume (total lung capacity (TLC),
residual volume (RV)) with Jaeger Spirometer will be used
for lung function measurement.

Bronchial challenge

Bronchial challenge will be done using inhaled methacho-
line.?' In case of negative methacholine test and clinical signs
of asthma, mannitol test will be performed. Response—dose
ratio in both methacholine and mannitol will be calcu-
lated. In case of forced expiratory volume in one second
<70% prebronchial challenge, reversibility test will be
performed as described below.

Reversibility test for short-acting beta2

A spirometry in accordance with international standards
as described above is initially performed. Following the
pulmonary function test, a standard dose of SABA (400 pg
salbutamol or 1 mg terbutaline) is administered and the
spirometry is repeated after approximately 15 min.

Fraction of exhaled nitric oxide (FeNQ)

The subject inhales air without NO, followed by a 10s exha-
lation maintaining a constant flow rate of 50 mL/s. Test
will be performed three times and the mean concentration
registered.”

Microbiota and inflammation

Induced sputum

The sputum is performed with hypertonic saline in nebuliser.
The induction was performed at 5min intervals for <15min.
Women were instructed to cough and spit after 5, 10 and
15min of induction or whenever they got the urge to do so.
It was collected with the aim of differential count, markers of
inflammation and microbiota.

Vaginal smear
Swabs will be obtained at day 6 and in-between egg aspira-
tion and embryo transfer. A vaginal smear for microbiota has
been developed for selfadministrative purpose. Patients will
receive a kit.

Rectal smear

Swabs will be obtained at day 6 and in-between egg aspi-
ration and embryo transfer. A rectal smear for micro-
biota has been developed for self-administrative purpose.
Patients will receive a Kit.

Mouth smear

Swabs will be obtained at day 6 and in-between egg aspi-
ration and embryo transfer. A mouth smear for micro-
biota has been developed for self-administrative purpose.
Patients will receive a kit.

Blood samples

A total of 200mL of blood, 40 mL per visit, will be taken,
it will be used for analyses of VEGF, CRP, IL-6, IL-8, IgE,
TNFa and ECP.

Questionnaires

The participants will be answering several questions,
‘astma & allergi spgrgeskema’, mini-asthma quality of life
questionnaire (AQLQ), Nijmegen, ACQ 5 and hospital
anxiety and depression scale (HADS).

Withdrawal of study

A subject can be excluded from the study if the subject is
not able to adhere to the study protocol. This should be
confirmed by the coordinating investigator. All subjects
are allowed to withdraw during the study, if subjects wish
to do so.

Size of the study population and statistical considerations

In a group of asthma patients to test, an omalizumab
induced reduction in number of cycles of fertility treat-
ment to evaluate pregnancy rate per embryo transfer.
Treatment with omalizumab indicated 41% pregnancy
rate (omalizumab) to 19% pregnancy rate (placebo)
after three cycles of fertility treatment (s-hCG test after
2 weeks and ongoing pregnancy ultrasound after 7
weeks) and followed for 1year. Secondary outcomes are
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ultrasound-confirmed clinical pregnancies ongoing after
3 months, baby take home rate and the rate of complica-
tion. With a p value of 0.05 and a power of 0.8, a group
of 72 patients with allergic asthma should be included
in each arm; regulating for drop-out (20%), 90 allergic
asthma patients in each arm. Recruitment will be stopped
when 72 patients in each arm have become pregnant or
completed three cycles of IVF.

Stratification

Stratification will be based on blood eosinophilic cell
count with a cut-off 0.3 mia/L, ensuring equal number
of eosinophilic and non-eosinophilic asthma patients in
each group. We will also stratify for age, with a cut-off
>30 years, ensuring equal number of patients with high
and low age in each group. We will also stratify for male
factor infertility and tubal factor to ensure equal number
in each group

We based the sample size calculation on the log rank
test using Freedman’s equation,23 apower at 80%, a signif-
icance level at 5% and assumed equal number of partici-
pants in the intervention and control group, who all will
be followed for 1year. Based on a previous observational
study, we estimated that 19% in the placebo group will be
pregnant within a year.2 If we want to be able to detect a
HR at 2,5, which corresponds to 41% getting pregnant
in the intervention group, we need 72 patients in each
group. Given an assumption of a 20% drop out rate, a
total of 180 patients will have to be recruited.

The findings of the study will be analysed and presented
using descriptive statistics reporting on various demographic
data. To calculate findings related to the primary endpoint
‘pregnancy rate’, a side-byside (such as unmatched t-test)
analysis will be applied. To calculate the multiple secondary
endpoints in the study, regression analysis will be applied. In
addition, an analysis for non-detected confounding variables
will be conducted (such as a two-stage sampling).

Patient and public involvement
Patients or the public will be involved in the reporting
and dissemination of our research.

In addition to giving written feedback to all study
participants, we will send all our reports and publica-
tions to the relevant patient organisation. Patients and/
or public were not involved in the design of the study.

Trial Steering Committee and Data Safety Monitoring Board

A Data Safety Monitoring Board (unblinded) is in place to
closely and independently monitor the safety of the PRO-
ART study.

DISCUSSION

To date, several studies have shown increased TTP and
a higher need for fertlity treatment among women
with asthma. The mechanism behind is still unclear and
partly unexplored. There are speculations regarding the

inflammation that is known to be prominent in the lungs
of asthma patients, not only being limited to the lungs but
also systemic and possibly prominent in the uterine lining
resulting in an imbalance that might impair implantation.***’
Acknowledging that achieving pregnancy can be challenging
for women with asthma, this study is setting out to investigate
whether omalizumab can lower the systemic and local inflam-
mation and thereby increase the pregnancy success rate in a
randomised controlled trial.

This study may help us understand the underlying mech-
anisms of asthma as a systemic disease, as well as exploring
treatment options for women with asthma with difficulties
becoming pregnant. The methods used in this study are of
low risk, butif successful, our findings will have a large impact
on a large group of patients as infertility and asthma are the
most common chronic diseases among the young popula-
tion.” There are a few studies looking into the safety of omal-
izumab during pregnancy. However, both studies conclude
that it is safe to use omalizumab during pregnancy.’ ** Also,
some case studies have reported no adverse events related to
treatment with omalizamab during pregnancy.® *

The hypothesis is that increased asthma control with
biological treatment reduces local and systemic inflamma-
tion, which may improve the pregnancy success rate, adverse
perinatal outcomes and other known pregnancy complica-
tions. We propose that targeting both the local and systemic
inflammation with immune-modifying therapy, such as
biologic drugs, can improve fertility.

An increase in pregnancy rate as well as reduction in TPP
is important for the individual women and her partner, as
well as the society. In order to provide recommendations
for women with asthma, who have difficulties becoming
pregnant, there is a need for a clinical trial testing a systemic
therapy.

Trial status
Patient recruitment commenced in January 2019 and is
ongoing.

ETHICS AND DISSEMINATION
The study will be carried out to include the protection
of human subjects according to the 2008 Declaration of
Helsinki and in accordance with Good Clinical Practice
Guidelines. Patients will be informed about the study at first
visit and included if accepting to participate. A completed
patient informed consent form is required from all patients
participating in the study and must be signed by the patient
and the informing physician. The study has been approved
by the Ethics Committee-Danish national research ethics
committee (H-18016605) and the Danish Medicines Agency
(EudraCT no: 2018-001137-41) and the Danish Data Protec-
tion Agency (journal number: VD-2018486 and I-Suite
number 6745).

The test results will be published regardless of whether
they are positive, negative or inconclusive. Publication in
international peerreviewed scientific journals is planned
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