Review Article

Evidence and evidence gaps of medical treatment of
non-tumorous diseases of the head and neck

Abstract

Unfortunately, the treatment of numerous otolaryngological diseases
often lacks of evidence base because appropriate studies are missing.
Whereas sufficient high-quality trials exist for the specific immunotherapy
of allergic rhinitis and in a limited measure also for the angiotensin-
converting enzyme inhibitor induced angioedema, the evidence for
Meniére’s disease or for pharmacotherapy of postoperative laryngeal
edema is rather poor. This contribution will discuss the trial situation

and evidence of the respective diseases.
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1 Postoperative laryngeal edema

Postoperative laryngeal edema may be the result of
mechanical pressure caused by intubation pressure or
after laryngeal interventions. Besides, also the duration
of intubation is an important factor promoting the devel-
opment of postoperative laryngeal edema. In the litera-
ture, postoperative laryngeal edema is also called post-
intubation laryngeal edema.

The postoperative laryngeal edema is a feared, possibly
life-threatening complication. The risk increases especially
after laryngeal surgeries and is well known to ENT special-
ists. In addition to extended protective intubation and
temporary tracheostomy, the application of high-dose
cortisone (250-1,000 mg methylprednisolone admin-
istered intravenously) is a common prophylactic measure.
Now the evidence of this pharmacotherapy is not really
clear and shows several gaps.

High-quality original papers about the efficacy of cortisone
in this context are very rare. Mostly, those articles deal
with retrospective evaluations of partly heterogenic pa-
tient populations.

The oldest evaluation dates from 1987 and was per-
formed in France [1]. In the context of a randomized trial,
276 patients were included. Half of them received 40 mg
methylprednisolone. In this study, a nasotracheal tube
was inserted in all patients. Postoperative laryngeal
edema was observed in 6 patients. Four of those 6 pa-
tients were in the cortisone group. This means that even
more patients developed postoperative laryngeal edema
with cortisone than without treatment. With regard to this
issue, also several Cochrane analyses were published.
In 2000, a Cochrane analysis reported about the prophy-
lactic application of intraoperative cortisone in children
and adults [2]. In this context, all randomized and
placebo-controlled trials were considered. The main cri-
terion was the question of re-intubation after extubation.
Another question was related to the symptom of stridor.
Only 7 of 251 trials were qualitatively valuable to be in-
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cluded in the analysis. The patients belonged to different
patient populations with regard to their basic disease.
Statistically, only the postoperative stridor could be re-
duced with cortisone prophylaxis in children (n=216:
RR=0.53; 95% Cl 0.28, 0.97). In 3 trials with adults
(n=1,047 patients), the cortisone prophylaxis could
neither influence the postoperative stridor nor the re-in-
tubation rate (RR=0.95; 95% Cl 0.52, 1.72).

In a Chinese prospective randomized, double-blinded,
and placebo-controlled trial with 40 patients, the stridor
rate could be reduced after cortisone application, how-
ever, it had no impact on the re-intubation rate [3].
Another prospective, randomized, double-blinded, and
placebo-controlled study of 64 children describes appli-
cation of epinephrine and cortisone by inhalation directly
before extubation. The result showed that epinephrine
and cortisone do not have an impact on the development
of laryngeal edema after extubation [4].

In 2009, another Cochrane analysis was performed on
the basis of the analysis described above [5]. This time,
11 trials with 2,230 patients were considered as being
qualitatively appropriate. Six studies were performed in
adults, 2 in newborns, and 3 in children. The population
of the newborns was so heterogenic and the application
of cortisone was so various that no statistically significant
conclusion could be drawn (RR 0.42; 95% CI 0.007 to
2.32). Even the studies with children had very heterogenic
populations with partly known airway diseases. With re-
gard to the children with airway abnormalities, the
cortisone group showed less stridor (n=62), however,
there was no effect in the children with regular airway
constellations (n=153). In adults, the prophylactic
cortisone application did not have an impact on the re-
intubation rate (RR 0.48; 95% Cl 0.19 to 1.22). The au-
thors conclude that the prophylactic application of
cortisone does not have any positive effect neither in
newborns nor in children or adults.

Especially in ENT, there are no trials justifying for example
the application of cortisone in laryngeal interventions. In
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summary, the prophylactic application of cortisone to
prevent postoperative laryngeal edema is not evidence-
based.

2 Prophylactic medication of
Meniere’s disease

Clinically, Meniére’s disease is characterized by recurrent,
spontaneous vertigo attacks, fluctuating hearing loss,
tinnitus, and pressure in the ear [6]. According to the
current knowledge, an endolymphatic labyrinth hydrops
causes those symptoms - either because of increased
production or disturbed absorption [7]. The high en-
dolymphatic pressure causes recurrent ruptures and
leakage of Reissner’'s membrane with mixing of low-po-
tassium endolymph with potassium-rich perilymph [8].
The lifetime prevalence of Meniére’s disease is around
0.5% [7]. Most commonly, the disease starts on one side,
the frequency of attacks varies importantly. In the further
course, 50% of the patients develop bilateral Meniére's
disease [9]. This fact also explains why Meniére’s disease
is considered as the second most frequent origin of bilat-
eral vestibulopathy.

Since the origins of endolymphatic hydrops - and thus
Meniére's disease - are mostly unknown, targeted
causal treatment is not possible. Pharmacotherapy aims
at treating the vertigo attacks in the acute stage and
furthermore to avoid attacks of Meniére’s disease with
vertigo and hearing loss [7].

The current therapy of Meniére’s disease is based on two
principles:

2.1 Treatment of acute attacks

Vertigo and nausea can be reduced by application of
antivertigo agents as they are also administered for the
treatment of other acute disorders of the labyrinth func-
tion, e.g. dimenhydrinate 100 mg as suppository [7].

2.2 Prophylactic treatment

The aim of prophylactic treatment is to reduce the en-
dolymphatic hydrops. Despite the high prevalence of
Meniére’s disease and many clinical trials, there is no
therapy up to now that is proven to be effective. The
spectrum of recommendations reaches from salt-free
nutrition, diuretic agents, transtympanic application of
gentamicin (20-40 mg in intervals of several weeks until
the symptoms improve) or betahistine up to surgical
procedures [7]. Positive effects on the incidence of at-
tacks were published for the transtympanic instillation
of gentamicin [9] and high-dose, long-term application of
betahistine dihydrochloride (3x48 mg per day for
12 months). The direct origin of Meniére’s disease, i.e.
the endolymphatic hydrops is often treated with beta-
histine. However, already in 2001 a systematic review
(meta-analysis) of the Cochrane Collaboration revealed
that there are not sufficient data to judge if betahistine

has a real effect in the context of Meniére’s disease [10],
[11]. The skepticism regarding the application of beta-
histine has become more and more important since it is
meanwhile possible to quantitatively measure the exten-
sion of the inner ear vessels filled with endolymph by
means of magnet resonance imaging (MRI). In an accord-
ing evaluation of 6 patients, betahistine showed no effect
in none of the patients [10]; and a case study of a female
patient over 2 years revealed the end of vertigo attacks
but a deterioration of the hydrops and hearing capacity
in both ears [10].

More recent studies postulate a clinical improvement of
the symptoms of Meniére attacks after application of
high-dose, long-term betahistine therapy [12], [13], [14],
[15]. Atherapy recommendation is based on observations
of 112 patients who received the medication either
3x16 mg/d or 3x24 mg/d or 3x48 mg/d for at least
12 months [15]. The higher dosage led to a significant
reduction of the incidence of the attacks and was well
tolerated. However, this trial was not randomized and not
blinded. The results that were observed in this context
have to be confirmed in a randomized and blinded study.
In cases of severe and frequent attacks (more than 2 in
3 months), treatment with a low-dose loop diuretic (e.g.
Furosemide) can be attempted [16]. Also in this context
it must be emphasized that the effect has not been
proven up to now [16]. Only two clinical studies have yet
been published, while only one of those studies was
double-blinded and placebo-controlled. In this study, the
diuretic therapy led to a reduction of the subjective vertigo
attacks, but it had no effect on hearing loss and tinnitus
[17], [18].

Circulation-enhancing by medication or compressed-air
chambers are often applied for inner ear complaints such
as sudden hearing loss or tinnitus, however, even in cases
of confirmed diagnosis of Meniére’'s disease, those
measures have no effect. Even other highly promoted
procedures such as low-level laser therapy, where the
auricle is irradiated with red light laser, must be ques-
tioned because laser light - that is said to have a positive
effect on the sensory cells of the inner ear - physically
does not reach this area.

During the last years, intratympanic injection of
gentamicin and/or cortisone has been applied again and
again in trials in different combinations. The objective of
such treatments was to eliminate the vertigo attacks and
to preserve the hearing capacity. According to a study
performed in 2011, injection of gentamicin into the
middle ear seems to reduce the vertigo attacks, however,
the hearing loss cannot be avoided. Injection of cortisone
has no impact on the occurrence of vertigo attacks [19].

3 Conclusion

Prophylactic pharmacotherapy of Meniére’'s disease is
not sufficiently verified. The effect of certain drugs was
not proven, it is only possible to reveal certain effect
tendencies on isolated symptoms. The long-term treat-
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Figure 1: ACE inhibitor-induced angioedema of the tongue and the larynx
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Figure 2: Characteristics of angioedema in comparison to urticaria

ment with betahistine shows a positive effect on vertigo-
attacks (evidence level 3), however, there is no impact
on hearing loss and tinnitus.

4 Angioedema induced by
angiotensin converting enzyme

4.1 Etiology and pathophysiology of
angioedema

Angioedemas are edematous swellings of deeper tissue
layers affecting the skin as well as the mucosa (Figure 1).
Manifestations in the area of the airways may impair
breathing and in rare cases they may even lead to suffo-
cation [20]. Generally, angioedemas are classified into
allergic (urticaria) and non-allergic angioedemas [21]. In
contrast to allergic urticaria, it is typical for the non-allergic
manifestation that skin reddening and in particular itching
are missing. While histamine is the pathophysiological
mediator of allergic urticaria, non-allergic angioedemas
are mainly triggered by the effect of bradykinin as medi-
ator (Figure 2).

This difference is crucial for a rationally sound therapy of
the disease. One particular problem is chronic urticaria.
Angioedemas that may develop in the course of the dis-
ease have an allergic genesis in only 10% of the cases
[22], [23]. Hence, such angioedemas only rarely respond
to anti-allergic standard therapies such as antihistamines
and corticosteroids. Because of missing reddening of the
skin or itching, it is often difficult to define the difference
between angioedemas based on chronic urticaria and
non-allergic angioedemas. Those difficulties in finding
the correct diagnosis frequently result in an inadequate
treatment of the patients. Bradykinin-induced an-
gioedemas either result from increased bradykinin pro-
duction or from inhibited bradykinin metabolism. Brady-
kinin is a nonapeptide that is physiologically produced
within the kallikrein-kinin system. The history of the de-
tection of the kallikrein-kinin system started more than
100 years ago when Abelous and Bardier discovered the
blood pressure lowering effect of urine [24]. Kinins are
pharmacologically active peptides that are released by
kallikrein from kininogens into body fluids and tissue. In
contrast to this, the C1 inhibitor (C1-INH) works as endo-
genous kallikrein inhibitor and limits the synthesis of
kinin. In addition to bradykinin, also kallidin and me-
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thionyl-lysyl-bradykinin belong to the family of kinins. The
last mentioned are transformed by amino-peptidases
contained in the plasma and urine to bradykinin [25].
The kallikrein-kinin system is associated with the renin-
angiotensin-aldosterone system (RAAS) and partly antag-
onizes its effects. The functional linking between both
systems is based on the non-specificity of the angiotensin-
converting enzyme (ACE) that on the one hand produces
angiotensin Il and on the other hand degrades kinins
such as bradykinin or substance P to inactive metabolites
[26], [27]. Beside ACE, other proteases (aminopeptidase
P, dipeptidylpeptidase IV, carboxypeptidase N) contribute
to the metabolism of bradykinin. If those enzymes are
inhibited in addition to ACE, further increase of the
bradykinin concentration in the plasma and tissue must
be expected [28], [29], [30].

4.2 Bradykinin receptors

Bradykinin receptors are G protein-coupled receptors
ubiquitously located on the cell surface. Up to now, 2 re-
ceptor subtypes could be identified, i.e. the bradykinin
receptor type 1 (BKR-1) and 2 (BKR-2). They have differ-
ent pharmacological properties [31], [32], [33], [34], [35],
[36], [37]. The human gene for BKR-2 was located on the
chromosome 14932 [38] whereas BKR-1 is found on
chromosome 14932.1-g32.2 [39]. The amino acid se-
quences of BKR-1 and BKR-2 only have a homology of
36% [37]. BKR-1 is synthesized de novo by many organs
as reaction to tissue damage while BKR-2 is generally
expressed constitutively [39], [40], [41].

4.3 Effects of bradykinin

In the 1980ies, the detection of different selective antag-
onists of BKR-1 and BKR-2 allowed important functional
examinations of the role of kinins [34].

Recently, the development of C1-INH and BKR-2 trans-
genic mice led to important knowledge about the role of
kinins in vivo [42], [43]. So for example the effect of
bradykinin on the vascular permeability could be revealed
by targeted inhibition of C1-INH [43]. Already earlier it
was possible to show that bradykinin dilates peripheral
and coronary arteries, that it may reduce arterial blood
pressure in normotensive animals, and that it has anti-
thrombogenic, anti-proliferative, and anti-fibrinogenic
properties [41], [44], [45], [46], [47], [48].

According to the current knowledge, the cardio-vascular
effect of bradykinin is mediated by activation of BKR-2
on endothelial cells which leads to a release of nitrogen
monoxide (NO), prostaglandin PGI2, and the tissue-type
plasminogen activator [49], [50]. It could also be shown
that bradykinin is involved in the cardio-protective effect
of “preconditioning” in myocardial ischemia or reperfusion
injury [51]. Bradykinin can reduce the extent of infarction
[52], [53] and limit the growth of cardiomyocytes [54],
[55]. Furthermore, kinins can constrict the smooth bron-
chial muscles [56] which allows the conclusion that dry
cough induced by ACE inhibitors is mediated by bradykinin

and also substance P [57], [58]. Furthermore, the local
accumulation of bradykinin may activate pro-inflammatory
peptides and release local histamine possibly leading to
hypersensitivity of the cough reflex [59]. Finally, it could
be proven that bradykinin increases the release of insulin
from the pancreatic B cell. This effect is mediated by the
increase of intracellular calcium response on hypergly-
cemia [60], [61]. Bradykinin also increases the insulin-
depending transportation of glucose [62]. Further exam-
inations revealed that locally released bradykinin in-
creases the uptake and availability of glucose in target
tissue independently from insulin secretion [63], [64].
Based on those findings it is most probable that the re-
duced metabolism of bradykinin contributes to the posi-
tive properties of the ACE inhibitor in patients suffering
from cardiovascular diseases. This includes for example
the reduction of diabetes-related consequential damage
or the reduction of new cases of type-2 diabetes mellitus
[65].

4.4 Bradykinin-induced angioedema

4.4.1 Hereditary angioedema

In 1882, Heinrich Irendus Quincke described an acute
and clearly defined edema. Even if such an edema was
already known from earlier case descriptions, it was
Quincke who accurately described this disease and differ-
entiated it from urticaria [66]. Today, so-called Quincke’s
edema is a synonym of angioedema and is used as gen-
eric term for description of defined edema without ur-
ticaria and/or pruritus.

According to the current knowledge, the lack of serine
protease Cl-esterase inhibitor (C1-INH) that is due to a
genetic effect plays a causal role in the development of
HAE [67]. This leads to a series of alterations within the
complementary system, which has also diagnostic
significance. It is crucial that an important physiological
inhibitor for the production of bradykinin is missing be-
cause of a lack of C1-INH because C1-INH is an endogenic
inhibitor of kallikrein. The clear reduction of the C1-es-
terase inhibitor (C1-INH) activity leads to an increased
production of bradykinin. The human C1-INH gene was
found on chromosome 11 (11a12-q13.1) [48]. Two dif-
ferent variants of HAE have been described: HAE type 1
with reduced C1-INH level and a deficient function (85%
of all cases) and HAE type 2 with regular protein concen-
tration but functional deficit (15% of all cases). It is the
case of heterozygous autosomal dominant inheritance
with an incidence of 1:50,000, independent from ethnicity
or sex [68] In 2006, another origin of autosomal dominant
inheritance of HAE was described, which are mutations
in exon 9 of the F12 gene that lead to amino acid position
309 of the coagulation factor Xl for substitution of
threonine by lysine or arginine [69]. The result of those
activating mutations is - comparable to the classic HAE
type 1 and 2 - an increased kinin production based on
an increased enzymatic activity of the coagulation factor
XIl. Activated factor Xlla transforms pre-kallikrein into
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Mode of action of ACEI
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Figure 3: Mode of action of the ACE inhibitor

kallikrein, which accelerates the transformation of high
molecular weight kininogen (HMWK) to bradykinin. In a
family mostly women are affected; the intake of estrogen
is a significantly precipitating factor. This circumstance
may be explained by the fact that the coagulation factor
Xll is synthesized depending on estrogen. Accordingly,
women who take estrogen-containing medication as for
example the pill or who are pregnant are especially at
risk because they have additionally increased factor XlI
serum concentrations beside the activating mutation.
Very rarely, also male patients could be identified, how-
ever, their attacks occur less frequently and with lower
intensity. The most frequent symptoms of the patients
suffering from HAE type 3 are swellings of the face (93%)
and the tongue (54%) as well as abdominal pain attacks
(50%). Laryngeal (25%) and uvula edema (21%) are often
observed [70]. In contrast to type 1 or 2, the quantitative
and functional values of C1 esterase inhibitor are regular.
However, mutations in exon 9 of the F12 gene can only
be identified in part of the patients. So it can be expected
that there are other genetic reasons for this subtype that
are currently still unknown. Recently the first case of ho-
mozygous C1-INH lack with a mutation of ¢.1576 T>G
was reported [69]. In mice, the targeted interruption of
the C1-INH effect led to an increased vascular permeabil-
ity that could be reversed by the treatment with human
plasma pool C1-INH [43]. Other findings that were re-
vealed in this transgenic murine population brought fur-
ther convincing proofs for a significant involvement of
BKR-2 in the pathogenesis of angioedema. So for example
the increased vascular permeability could be reduced
drastically by treatment with the BKR-2 antagonist
icatibant (see below).

4.4.2 Triggering factors

Patients with HAE report about a multitude of factors that
trigger angioedema attacks. Those are among others ex-
posure to cold, mechanical trauma (e.g. tissue compres-

sion, sitting or standing for a longer time), certain food
products (e.g. eggs, alcohol), infections, concomitant
diseases, contact with pesticides or other chemicals, ex-
citement, stress, and certain drugs such as ACE inhibitors
and estrogens [67]. Those rather anecdotic reports,
however, have never been evaluated systematically and
seem to be influenced by individual patient characteris-
tics. One exception in this context is the intake of estro-
gen-containing contraceptives and estrogen products for
hormone replacement therapy. It could be shown that
some female HAE patients react with an increased inci-
dence of attacks when the serum estrogen is increased
during the menstruation cycle, during pregnancy or be-
cause of contraceptives or postmenopausal hormone
replacement therapy [70], [71]. Other researchers found
similar cases in male and female patients who underwent
antiandrogen therapy with cyproterone [72]. Even
pharmaceutics inhibiting the metabolism of bradykinin
may cause an increased incidence of attacks - hence
ACE inhibitors are contraindicated in HAE patients [73],
[74].

4.4.3 latrogenic bradykinin-induced
angioedema

The most frequent reason for the occurrence of brady-
kinin-induced angioedema is the intake of pharmaceutics
that lead to an inhibited metabolism of bradykinin. Those
are not only ACE inhibitors such as enalapril but also AT1
blockers as losartan and the renin inhibitor aliskiren. The
reduced metabolism of bradykinin induced by this group
of drugs is the desired effect for therapy of cardiovascular
diseases. However, it can be assumed that ACE inhibitors
have a stronger inhibiting effect on bradykinin metabolism
than other substance groups (Figure 3).
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4.4.4 ACE inhibitor-induced angioedema

One characteristic of ACE inhibitor-induced angioedema
is the regular manifestation in the area of the airways.
Swellings in the head and neck region, especially pharynx
and larynx, often require an inpatient treatment for sev-
eral days and sometimes even intensive care is needed.
The incidence of ACE inhibitor-induced angioedema varies
according to the different examinations, probably because
of ethnical differences. So the incidence of ACE inhibitor-
induced angioedema in Caucasians amounted to
0.1-0.7% [20], [67], [68], [75], [76], whereas the sus-
ceptibility of colored Americans was much higher [77].
The current meta-analysis of the side effects of pharma-
ceutics for treatment of cardiovascular diseases in those
patients revealed a relative risk for the manifestation of
ACE inhibitor-induced angioedema that was three times
higher than in white Americans [24]. Among the nearly
7 million patients treated with ACE inhibitors in Germany
and an assumed rate of angioedema of 0.3-0.5%, around
20,000-35,000 cases have to be expected annually. This
would mean a calculated incidence of 1:4,000, which
means that ACE inhibitor-induced angioedema occurs
much more frequently than HAE [78]. If other enzymes
are inhibited beside ACE catalyzing the metabolism of
bradykinin, an even higher bradykinin concentration must
be expected [28], [29], [30]. This effect is obvious in the
application of omapatrilat that inhibits neutral endopepti-
dase in addition to ACE. During the clinical testing phase,
the comparison to the ACE inhibitor enalapril revealed a
more than three times more frequent occurrence of an-
gioedema (2.17 vs. 0.68%) so that finally this agent was
not approved [59].

4.4.5 AT1 blocker-induced angioedema

Angioedema is more rarely caused by AT1 blocker than
by ACE inhibitors [76], [78]. In the VALIANT trial, about
4,900 patients for each study arm were treated over
2 years with valsartan, captopril, or valsartan and capto-
pril. While 0.2% of the patients of the valsartan group
developed angioedema, 0.5% of the patients of each of
the other two groups showed this side effect. However,
in view of the mechanism of action it first seems to be
surprising that also this angioedema is induced by
bradykinin. Also the fact that the combined application
of valsartan and captopril did not cause more angioedema
than captopril alone might contradict to an involvement.
But in the context of a recent study it could be shown that
AT1 blockers increase the bradykinin level in hypertensive
patients [79], [80]. The blood levels of angjotensin Il in-
creased under the treatment with AT1 blockers because
those agents interrupt the physiological feedback mech-
anism that regulates the synthesis of angiotensin Il via
the release of renin [81]. At the same time, all AT type 1
receptors are blocked allowing the activation of more AT
type 2 receptors by angiotensin Il. In this context it seems
to be important that the stimulation of AT type 2 receptors
leads to an inhibition of the ACE activity via a still un-

known mechanism [82]. So the increased bradykinin
concentration in plasma observed by Campbell et al. after
the application of AT1 blockers might be based on an in-
hibition of the bradykinin metabolism [80]. Based on
earlier animal experiments, further evaluations are neces-
sary to confirm the mentioned hypothesis [83]. Nonethe-
less, AT1 blockers should not be applied in patients who
have already had an ACE inhibitor induced angioedema
[84].

4.4.6 Renin-inhibitor-induced angioedema

Another pharmacological alternative to influence the
renin-angiotensin-aldosterone synthesis is the application
of the relatively new renin inhibitor aliskiren that is also
admitted for the treatment of hypertonia. The inhibition
of renin neither leads to a direct inhibition of ACE nor to
an increased activation of AT type 2 receptors and thus
probably not to an increased bradykinin concentration in
the plasma. However, in the approval study, aliskiren did
not turn out to be superior to ACEI or sartans [85], [86],
[87], [88]. In the approval studies, patients suffering from
mild or moderate hypertonia were included. In contrast
to other antihypertensive agents, a reduction of the car-
diovascular morbidity or mortality could not be proven for
aliskiren [85], [86], [87], [88]. For patients having had
angioedema induced by ACE inhibitors or sartans,
aliskiren does not represent an alternative because this
circumstance was classified as contraindication for ther-
apy by the official authorities.

4.4.7 Acquired angioedema

Acquired angioedema (AAE) develop on the basis of non-
genetic lack of C1-INH and mostly concern adults [87].
It can be induced for example by a severe basic disease
such as malignant lymphoma. Patients with lympho-pro-
liferative diseases may develop angioedema that correl-
ates with a reduced C1-INH plasma concentration and
activity [89], [90]. In contrast to HAE with deficient C1-
INH synthesis and/or activity, the AAE is characterized
by the fact that a high number of idiotype-anti-idiotype
immune complexes (autoantibodies) is present that con-
sume C1g molecules and afterwards C1-INH [91]. Other
diseases such as hepatocellular carcinoma and liver cir-
rhosis can be associated with reduced C1-INH plasma
concentration, but in those cases angioedema has never
been described. On the other hand, one case of a
lymphoma-associated angioedema is known where the
C1-INH plasma concentration was regular [92]. Recently
a new C1-INH mutation was described that was associ-
ated with a significantly inhibited C1-INH secretion of the
monocytes [92].
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5 Therapy of acute ACE
inhibitor-induced angioedema

The particular risk of angioedema of the head and neck
is the obstruction of the airways leading to suffocation.
With this regard it is necessary to clarify during each
contact with the patient where exactly the angioedema
is located, how severe the disease is, and especially if
the airways are acutely at risk requiring immediate inter-
vention. Generally, the following concepts are available
for therapy of angioedema of the head and neck:

¢ Mechanical securing of the airways
¢ Supportive measures of therapy

¢ Symptomatic pharmacotherapy

¢ Causal pharmacotherapy

5.1 Mechanical securing of the airways

Mechanical securing of the airways must be considered
when respiratory insufficiency is diagnosed:

* Inability to swallow (saliva runs out of the mouth)
¢ |nspiratory stridor
¢ Cyanosis

If one of these symptoms is observed, securing of the
airways has to be immediately performed.

5.1.1 Types of mechanical securing

Depending on the location of the angioedema, the de-
cision for a specific method must be taken (Table 1).
Beside the above-mentioned symptoms, the degree of
severity/the size of the angioedema is important for the
technique. The classification of the laryngeal (Figure 4)
and lingual angioedema (Figure 5) can be helpful to find
the right decision. Because of the considerable tissue
damage in the area of the upper airway and swallowing
tract, the mechanical intervention may lead to a prolonged
angioedema attack, sometimes even lasting for several
days.

5.1.2 Supportive measures of therapy

In the context of angioedema in the area of the tongue
and the oropharynx, sucking ice cubes may be helpful
(vasoconstriction, decongestive effect). In cases of circu-
lation problems, the application of infusions (sodium
chloride/Ringer) is possible. The upright position of the
upper part of the body is also useful.

5.1.3 Symptomatic pharmacotherapy

All agents that are effective for the therapy of angioedema
attacks can be applied. The administration of other
vasoconstricting agents such as epinephrine as inhal-
ation/spray can also be applied (off-label use; dosage up
to 8 mg per application). However, there are no trials re-
garding the efficacy. Thus, the supportive treatment of
bradykinin induced angioedema with epinephrine is not
evidence-based. In cases of pains, the application of an-
algesics as additional medication is possible.

5.1.4 Pharmacotherapy without efficacy proof

In cases of ACEl induced angioedema, no officially ap-
proved pharmacotherapy is available. Despite the missing
approval (off-label use) ACEIl induced angioedema were
treated with cortisone (250-500 mg methylprednisolone)
and antihistamines (clemastine 2 mg) in the past. There
are neither studies nor case series supporting the efficacy
of this treatment scheme. In one case series [93] the
clinical course with cortisone and the time of complete
healing of the edema were analyzed retrospectively. Under
cortisone therapy, 3/47 patients had to undergo
tracheostomy because of missing improvement, 2/47
were intubated, and 12/47 received a second cortisone
application. The time of complete healing of the edema
was 33 hours and was equal to placebo administration.
A recently published double-blinded trial revealed an
average of 27 hours until complete healing of the edema
with cortisone and antihistamines and thus confirmed
the missing effect of cortisone and antihistamines in the
treatment of angioedema.

Conclusion: The application of cortisone and antihista-
mines in the context of angioedema is not evidence-
based. Trials could not confirm a reliable effect [94].

5.1.5 Causal pharmacotherapy

Beside agents for circulation and respiration emergencies,
specific causally effective drugs are available. Those are
pharmaceutics that concern the pathophysiology and
either avoid, stop, or attenuate the disease. In the context
of bradykinin-induced angioedema, they either inhibit the
bradykinin production or they impede its effect on its re-
ceptor.

The non-allergic, bradykinin-induced angioedema gener-
ally does not respond to antihistamines and corticoids in
contrast to the allergic angioedema. A specific therapy
of bradykinin-induced angioedema aims at avoiding the
progression of the swelling to other levels of the head
and neck area and to reduce the already existing symp-
toms as rapidly as possible.
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Table 1: Applied methods for mechanical protection

Location

Measure

Lip, face (cheeks, periorbital region)

No securing necessary

Tongue, oral cavity

Nasal fiberoptic intubation
Nasopharyngeal airway

Oropharynx

(soft palate, uvula, posterior wall of
the oropharynx, tonsillar bed)

Nasopharyngeal airway
Nasal fiberoptic intubation
Coniotomy/tracheostomy

Base of tongue, hypopharynx, larynx
(supra-larynx)

Nasal fiberoptic intubation
Oral intubation
Coniotomy/tracheostomy

25% obstruction of the

50% obstruction of the

75% obstruction of the

90% obstruction of the

supra-larynx supra-larynx supra-larynx supra-larynx

- Few symptoms - Moderate symptoms - Severe symptoms - Acute threat to life
LOC-1 LOC-2 LOC-3 LOC-4

- Monitoring - Monitoring - Tracheostomy if needed | - Securing of the airways

- Nasal fiberoptic
intubation

- Tracheostomy under
local anesthesia

Figure 4: Classification of laryngeal edema

Lips, soft palate, and uvula
are visible

Soft palate and uvula are
partly visible

Small gap between the
tongue and lips, the uvula
is not visible

The tongue completely
fills the oral space

Grade | Grade Il Grade lll Grade VI
Hospitalization
Intensive Care Unit
Securing of the airways Intubation/
Coniotomy/tracheostomy tracheostomy/

coniotomy are required

Figure 5: Emergency management in the case of lingual angioedema

5.2 Icatibant

Since the majority of non-allergic angioedema is based
on a pathological increase of the tissue hormone bra-
dykinin, a reliable efficacy of the synthetic bradykinin B2
receptor antagonist icatibant (Firazyr™) can be expected.
Icatibant acts as a bradykinin inhibitor by blocking the

binding of native bradykinin to the bradykinin B2 receptor.
Currently, icatibant is approved for symptomatic treatment
of HAE angioedema in adults in the European Union.
Icatibant (30 mg) is administered subcutaneously in the
area of the abdomen, a first palliation of the symptoms
is expected already after a median interval of about
45 minutes. Up to now, no systemic side effects have
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Acute ACEi-induced angioedema

Hospitalization, inclusion, and exclusion criteria check

Randomization

Icatibant (sc)

Cortisone (iv)
Clemastine (iv)

Treatment

Symptom assessment
after1,2,3,4,6, 8,12,
24 (48) hours

Edema growth

[
—| o
| within 6 hours

!

Time of complete edema
regression (restitution)

e

/

~ \

Emergency medication for both
treatment groups: icatibant 30 mg
sc and cortisone 500 mg iv

¥

4—— Life-threatening process

¥ v -
Disch » Time of complete edema e Intubation, tracheotomy,
EHELIS regression (restitution) ha coniotomy

h 4

Follow-up examination |———

Evaluation

ACEi denotes angiotensin-converting enzyme inhibitor, iv intravenous, and sc subcutaneous

Figure 6: Study design of AMACE

been observed, there is only the description of a transitory
erythema at the injection site. Since its approval, mean-
while dozens of patients suffering from ACE inhibitor-in-
duced angioedema were treated successfully off-label. A
total of 4 original papers were published on this topic.
Three of those publications are case series encompassing
33 patients. The patients in these case series had re-
ceived partly cortisone or they had been intubated. In all
3 case series, the successful treatment with icatibant
was confirmed. The complete healing of the angioedema
was achieved after an average of 4-5 hours. It took more
than 33 hours to completely heal the angioedema with
formerly applied therapy of cortisone and antihistamines
[93]. The 4" original paper of our group is a double-
blinded, two-arm, and randomized trial that was
conducted as multicenter study. A total of 32 patients
were screened and 30 of them were randomized after-
wards. The patients received either icatibant and placebo
or the standard therapy (cortisone and antihistamines)
and placebo (Figure 6).

Half of the patients underwent acute therapy with 30 mg
icatibant subcutaneously injected into the abdominal
wall, the others were treated with the off-label standard
therapy of 500 mg prednisolone (intravenous application)
(Solu Decortin H, Merck) with 2 mg clemastine (Tavegil,
Norvartis).

In order to analyze the pharmaceutics in an overall as-
sessment, 3 rankings were performed: The patients as-
sessed the intensity of 6 symptoms (pain, dyspnea, dys-
phagia, voice changes, foreign body sensation, and sense
of pressure) on a visual analogue scale (VAS) from O (not
present) to 10 (maximum intensity). This questionnaire
was filled out before therapy and in several time intervals
after application of the therapeutic medication. The
examiner assessed the severity of the mentioned
6 symptoms based on a specific evaluation scale. Further-
more, the examiner described the severity of the an-
gioedema at four different locations: lips/cheek, tongue,
oropharynx, and hypopharynx/larynx ranking from O (no
angioedema) to 4 (severe swelling). The primary endpoint
was the time of complete healing from the angioedema.
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Table 2: Results of the AMACE trial

Icatibant | Standard Therapy
Outcome (N=13) (N=14) P-Value
Median (IQR) time to complete edema resolution (primary end 8.0 271 0.002
point) — hr (3.0-16.0) (20.3-48.0)
Proportion of patients with complete edema resolution at 4 hr post- 5 (39) 0 (0) 0.02
treatment — no. (%)
Median (95% CI) time to onset of symptom relief (composite 2.0 11.7 0.03
investigator-assessed symptom score) — hr (1.0-8.1) (8.0-18.0)
Median (95% CI) time to onset of symptom relief (composite patient 2.0 79 0.036
VAS score) — hr (2.0-6.3) (1.2-11.8)
Median (95% ClI) time to onset of symptom relief (composite 2.0 12 0.003
investigator-assessed angioedema score) — hr (2.0-12.0) (11.3-NE) 0.003
Overview of results
30 27.1
25

@ 20

>

e

~ 15

12
_cga 11.7
= 10 8 7.9
0 [ | [

Time to complete Time to onset of

edema resolution

u |catibant

symptom relief (VAS
score: investigator)

Time to onset of
symptom relief
(angioedema score:
investigator)

Time to onset of
symptom relief (VAS
score: patient)

m Prednisolon/Clemastin

Figure 7: Overview of the results of the AMACE study comparing icatibant (blue) and prednisolone/clemastine (red)

Based on those analysis, the interval starting at the time
of injection of the study medication up to the complete
regression of the symptoms was assessed that represent-
ed the primary endpoint of the trial. Also the onset of
symptom relief was an important criterion. Additionally,
a comparison was made of the numbers of patients of
both groups that did not respond to the therapy. In such
a case, the patients received an emergency treatment
consisting of 30 mg icatibant with 500 mg prednisolone,
regardless the group to which they belonged. The evalu-
ation of this study shows that icatibant is clearly superior
to current standard therapy with prednisolone and cle-
mastine. Finally, all patients of both cohorts had a com-
plete resolution of the edemas, but 3 patients of the
standard therapy group had to undergo the mentioned
emergency therapy because of primary therapy resist-
ance, which never happened after icatibant therapy. Due
to a complicated course, tracheostomy had to be per-
formed in one patient of the prednisolone/clemastine
group.

The median time of the icatibant cohort to complete
resolution of the angioedema was 8 hours, which was

70% shorter than the control group with standard therapy
- they needed 27.1 hours (p<0.002). Five patients of the
icatibant group observed complete regression within
4 hours, which did not happen once in the predniso-
lone/clemastine group. Furthermore, the onset of symp-
tom relief was significantly earlier: on the average the
time until the symptoms improved was 2 hours after
icatibant application in comparison to 11.7 hours after
standard therapy (Table 2, Figure 7).

Even the side effects of both therapies were included in
the context of the study. The intravenous application of
prednisolone/clemastine only rarely led to reactions.
Systemic symptoms, however, appeared in single cases
of this cohort. One test person complained about symp-
toms of mild obstructive lung disease, another patient of
the same group had increased glucose values, one patient
described symptoms of fatigue. In the other group of pa-
tients, the local reaction after subcutaneous injection of
icatibant played the most important role - 7 patients
suffered from pain, in the control group there were only
2 patients after intravenous application. Other reactions
at the injection site were reddening, swelling, and thermal
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Table 3: Published casuistics and case series on the application of Berinert in ACEl-induced angioedema

Author Journal Type |Publication First Time of | Conclusion Note Evidence
Year onset of | complete
symptom | symtom
relief resolution
Gelée B Rev Med 1 case 2008 20 min Successful | 1000 IE
Interne. treatment
Nielsen Acta 1 case 2006 20 min Successful | 1500 IE
EW Anaesthesiol treatment Treatment
Scand. after 8 h
AE onset
Steinbach | Anaesthesiol |1 case 2001 Successful
Reanim. treatment
Greve/Bas | Laryngoscope | Case 2015 10h Successful
series

sensation; however, systemic reactions did not occur in
this group. The study was recently published in the New
England Journal of Medicine [94]. The producing company
currently applies for approval for this indication. In the
USA, another trial is conducted to enlarge the number of
patients (NCT01919801). In Germany, icatibant is increas-
ingly applied off-label in patients suffering from acute
ACEl-induced angioedema as emergency treatment. Ac-
cording to the results, the treatment of ACEl-induced an-
gioedema is evidence-based. Another result of this study
is the proof that the standard therapy (cortisone and an-
tihistamines) is clearly inferior to icatibant and thus also
the application in cases of bradykinin-induced an-
gioedema is not indicated. Since an angioedema shows
spontaneous self-limitation after about 16 hours, the
healing of the edema after 27 hours in the cortisone
group is comparable to placebo.

6 C1 inhibitor (C1-INH)

Currently 2 human C1 inhibitor concentrates (Berinert®
and Cinryze®) are available for the treatment of HAE pa-
tients. A third C1 inhibitor concentrate (Ruconest®) is
gained from rabbit milk. The intravenous application of
the C1-INH concentrate (Berinert P®) is approved for the
acute treatment of HAE since many decades and is suc-
cessfully applied. Off-label it is also used for AAE. Despite
the infection risk associated with every blood product,
the concentrate turned out to be safe. Cases of viral
transmission are not known. The C1-INH concentrate is
applied intravenously with a dosage of 20 IE/kg body-
weight. It is applied for acute therapy as well as for pro-
phylaxis. In single cases, also patients with ACEl-induced
angioedema were treated with C1-INH concentrates. Re-
cently also a case series of ACEl angioedema was pub-
lished describing treatment with 1,500 IE Berinert [95].
In the case series, the time of complete healing was
10 hours. In comparison to the treatment with cortisone
(33 hours or 27 hours), the treatment with Berinert would
be more effective. However, in total only few cases were
published internationally [95], [96], [97].

Regarding the patho-mechanism, the effect of C1-INH
concentrate in ACEl angioedema is not yet clearly defined.
It can be assumed that the treatment with C1-INH reduces
further bradykinin production as consequence of an en-
zyme imbalance. Bradykinin is metabolized by other en-
zymes such as aminopeptidase 4 and carboxypeptidase.
The effect is probably slower than the direct inhibition of
the bradykinin receptors by icatibant. A double-blind study
for assessment of the efficacy in this indication is per-
formed since 2013 (NCT01843530). Only after finaliza-
tion and analysis of the results, reliable data may be re-
trieved. Thus, the treatment of ACEl angioedema with C1-
INH is currently not sufficiently evidence-based (Table 3).

7 Conclusion

For angiotensin-converting-enzyme inhibitor-induced an-
gioedema, the bradykinin B2 receptor inhibitor icatibant
provides a pharmaceutical agent for the first time that is
effective according to current studies. However, only few
trials have been conducted with this question. The agent
is not yet approved officially for this indication and if
needed it has to be applied off-label in emergency cases.
Corticosteroids and antihistamines do not seem to be
effective and are not approved for this indication.

8 Allergen-specificimmunotherapy
(AIT) of respiratory allergies

8.1 Pathophysiology and effect
mechanism of specific immunotherapy

In the context of AT, allergen extracts are presented to
the immune system as molecule mixture either via the
subcutaneous tissue (SCIT = subcutaneous immunother-
apy) or via the mucosa (SLIT = sublingual immunother-
apy).

Those allergen extracts diffuse first into the local tissue
and are absorbed by the local cells and then transported
to the local lymph nodes [98], [99]. The bases of AlT are

GMS

GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2016, Vol. 15, ISSN 1865-1011

11/23



Bas: Evidence and evidence gaps of medical treatment of ...

some modulations of the immune system with activation
of IgG antibodies that block an allergen antibody-mediated
immune response and activation of regulator T cells (Treg)
that inhibit a B and T cell mediated immune response to
the allergen. Besides, also a cytokine controlled inhibition
of the local inflammatory reaction is induced [100], [101],
[102], [103], [104].

8.2 Specific immunotherapy

The allergen-specific immunotherapy (AIT) is a causal
immuno-modulating therapy of respiratory allergies. The
application of allergen extracts activates specific blocking
antibodies, tolerance inducing cells and messenger sub-
stances that inhibit further enhancement of the immune
response caused by allergens, that block specific immune
responses, and that reduce the inflammatory reactions
in the tissue. Clinically, this leads to a reduction of the
symptoms and a change of the course of the disease.
Some recent developments have contributed to confirm
the position of AIT in the treatment of respiratory allergies.
The quality of the allergen extracts is always improved by
increasing standardization [105]. Basic research led to
further clarification of the pathophysiology of respiratory
allergies and the mode of action of specific immunother-
apy [106], [107]. The implementation and official approv-
al of the sublingual immunotherapy (SLIT) beside subcuta-
neous immunotherapy (SCIT) also belongs to the import-
ant milestones of AIT [108]. A recently published S2k
AWMF practical guideline summarizes the study situation
on AIT and the efficacy of different agents [109].
Economically, allergic rhinitis and its subsequent diseases
(such as bronchial asthma) cause enormous direct and
indirect costs. Accordingly, therapeutic options, especially
AIT, are assessed socio-economically based on cost-
benefit-effectiveness analyses [110], [111].

In long-term evaluations, AIT is significantly more cost-
effective in comparison to symptomatic pharmacotherapy
in allergic rhinitis and allergic bronchial asthma [112].
Meta-analyses clearly confirm the effectiveness of SCIT
and SLIT for certain allergens and age groups. Data of
controlled studies differ in view of their quantity, their
quality, and dosage schemes and require drug-specific
assessment [113].

Allergen extracts for SCIT or SLIT cannot be compared
because of their heterogenic composition and different
measuring methods of the effective ingredients. For SCIT,
non-modified allergens are applied as aqueous or physic-
ally coupled (semi-depot) extracts as well as chemically
modified extracts (allergoids) as semi-depot extracts. The
allergen extracts for SLIT are administered as aqueous
solutions or pills [114].

It is recommended to assess the single pharmaceutics
according to clearly defined criteria. On the website of
the German Society of Allergology and Clinical Immunology
(DGAKI, Deutsche Gesellschaft fur Allergologie und
Klinische Immunologie), tables can be found showing a
drug-specific description of the AIT products available in
Germany, Switzerland, and Austria (http://www.dgaki.de/

leitlinien/s2k-Leitlinie-sit/) (Table 4, Table 5, Table 6,
Table 7).

The tables list the trials and their assessment criteria for
adults and children. The efficacy of SCIT in the context
of pollen-associated allergic rhino-conjunctivitis in adults
is very well proven by numerous studies. The efficacy of
drugs for dust mite allergy is well proven by some studies.
However, the trial situation for children regarding both
types of allergies is comparably poor.

The efficacy of SLIT in the treatment of allergic rhino-
conjunctivitis caused by grass pollen in adults and chil-
dren is very well confirmed and for tree pollen allergy it
is well proven in adults. For dust mite allergy, new con-
trolled trials with sometimes high patient populations
confirm the efficacy of SLIT in adults. For patients with
allergic rhino-conjunctivitis, SCIT or SLIT can be performed
with pollen or mite allergen extracts. The efficacy of this
therapy was confirmed by at least one double-blind
placebo-controlled trial [114].

The efficacy of AIT has been confirmed by numerous
meta-analysis with many trials [114]. Calderon et al.
evaluated 33 clinical studies on AIT in patients suffering
from grass pollen allergy who met the predefined criteria.
Dretzke et al. published a meta-analysis in 2013 evaluat-
ing 28 trials on allergic rhinitis [114].

Regarding dust mite allergy, a systematic review article
on the efficacy and tolerance of SCIT and SLIT was pub-
lished in 2013 encompassing 44 trials [115].

9 Conclusion

In summary, those meta-analysis and review articles
confirm a well-documented efficacy of AIT. Because of
the heterogeneity of the studies and the difficulty of direct
comparison, a general recommendation cannot be given.
The efficacy of each pharmaceutical product must be
confirmed by specific trials.

10 Outlook

On the one hand, the presented cases show that there
are still diseases in ENT that are not treated in an evi-
dence-based way because of missing studies. On the
other hand, those cases also show how difficult it is to
plan, finance, and finally conduct acknowledged high-
quality trials.

For planning and conducting such studies the cooperation
with several university hospitals is required. Beside the
motivation of single colleagues also the infrastructure
and professional study centers must be provided. The
new study center of the German ENT Society could be
such a platform. | would like to encourage motivated
colleagues to perform research especially in those fields
where evidence gaps are obvious.
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Table 4: Pharmaceutical products for AIT with the number of the specific studies and the status of approval (source: website

of DGAKI, www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

immunotherapy

et al., 2007]:

design
scores
result

placebo

Pharmaceutical products for allergen-specific

Number of trials and year of approval* (status of 7-2015) of each
product** (left lines) and allergen source (right column). The listed
assessment*** is based on modified criteria (not relevant for
approval) of the World Allergy Organization (WAQ) [Canonica W

1) Standardized allergen extract and dosage
2) Randomized double-blind, placebo-controlled study

3) Data on a symptom medication score and/or both single
4) Data on the statistical evaluation, statistically significant

5) The efficacy of the verum is at least 20% above the

Number of trials for grass pollen

(among those trials with children)

PEI approved

Number of trials for early blossoming

plants/birch pollen (among those trials

with children)

PEI approved

Number of trials for dust mites (among

those trials with children)

PEI approved

Allergoid SCIT allergens

Acaroid® Allergopharma
AIIergovit® Allergopharma
Clustoid® ROXALL
Depigoid® Leti/Novartis
Depiquick® Leti/Novartis
Pollinex Bencard
quattro®
Purethal® HAL Allergie
Roxoid® ROXALL
TA t.0.p. Bencard
Non-modified SCIT allergens
ALK-depot SQ® | ALK-Abelld
ALK 7° ALK-Abelld
AVANZ® ALK-Abell6
Novo-Helisen® Allergopharma
depot
Tyro Milbe Bencard
Allergoid SLIT allergens
LAIS® | Lofarma
Non-modified SLIT allergens
Grazax® ALK-Abell6
Oralair® Stallergenes
Oralvac® Bencard
Compact
SLITonePLUs® ALK-Abell6
SLIToneULTRA® ALK-Abell6
Staloral® Stallergenes
Sublivac® FIX HAL Allergie
Sulgen® ROXALL

* The criteria are based on those of the Paul Ehrlich Institute (PEI) of the year of

approval, partly they differ from current requirements.
> In studies, single products show an effect that does not meet the listed requirements,
however, contribute to clinical documentation.
e Table is not recommended as base for decision for prescribability and reimbursability
in the sense of positive or negative list.

I Product is not available in Germany with this allergen.
(year) Product is approved for Germany with this allergen (year).
I Product is not approved for Germany with this allergen.
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www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

Table 5: Studies with positive proof of efficacy for early blossoming plants (birch pollen) (source: website of DGAKI,

Studies’ with positive proof of efficacy — early
blossoming plants/birch pollen 7-2015
Table is not recommended as base for decision for
prescribability and reimbursability in the sense of
positive or negative list.

Approval?
(year)

Study of
children

SMS
vs.
ES

Evaluated
patients/
Randomized
patients

Evaluation
procedure

Allergoid SCIT allergens

Depigoid®

Hélby AS, Strand V, Robinson DS, Sager A, Rak S.
Efficacy, safety, and immunological effects of a 2-year
immunotherapy with Depigoid birch pollen extract: a
randomized, double-blind, placebo-controlled study.
Clin Exp Allergy 2010; 40: 1062-1070

SMS

45/61

PP

Pollinex quattro®

Drachenberg KJ, Heinzkill M, Urban E. Kurzzeit-
Immuntherapie mit Baumpollen-Allergoiden und dem
Adjuvanz Monophosphoryl Lipid A. Ergebnisse einer
randomisierten, doppelblinden, plazebokontrollierten
Multicenterstudie. Allergologie 2002; 25: 466-474

SMS

58/84

PP

Purethal®

Ceuppens JL, Bullens D, Kleinjans H, van der Werf J
and the Purethal Birch Efficacy Study Group.
Immunotherapy with a modified birch pollen extract in
allergic rhinoconjunctivitis: clinical and immunological
effects. Clin Exp Allergy 2009; 39: 1903-1909

1989

ES

58/62

PP

Non-modified SCIT allergens

ALK-depot SQ®

Arvidsson MB, Léwhagen O, Rak S. Effect of 2-year
placebo-controlled immunotherapy on airway
symptoms and medication in patients with birch pollen
allergy. J Allergy Clin Immunol 2002; 109: 777-793

Badtger U, Poulsen LK, Jacobi HH, Malling HJ. The
safety and efficacy of subcutaneous birch pollen
immunotherapy — a one-year, randomized, doubleblind,
placebo-controlled study. Allergy 2002; 57: 297-305

1990

ES

46/49

PP

ES

33/35

PP

ALK 7®

Balda BR, Wolf H, Baumgarten C, Klimek L, Rasp G,
Kunkel G, Miiller S, Mann W, Hauswald B, Heppt W,
Przybilla B, Amon U, Bischoff R, Becher G, Hummel S,
Frosch PJ, Rustemeyer T, Jager L, Brehler R, Luger T,
Schnitker J. Tree pollen allergy is efficiently treated by
short-term immunotherapy (STI) with seven
preseasonal injections of molecular standardized
allergens. Allergy 1998, 563: 740-748

1997

ES

61/111

PP

AIIergoid SLIT allergens

N

Non-modified SLIT allergens

Staloral®

Khinchi MS, Poulsen LK, Carat F, André C, Hansen
AB, Malling HJ. Clinical efficacy of sublingual and
subcutaneous birch pollen allergenspecific
immunotherapy: a randomized, placebocontrolled,
double-blind, double-dummy study. Allergy 2004; 59:
45-53

Warm M, Rak S, de Blay F, Malling HJ, Melac M, Cadic
V, Zeldin RK. Sustained efficacy and safety of a 300IR
daily dose of sublingual solution of birch pollen allergen
extract in adults with allergic rhinoconjunctivitis; results
of a double-blind, placebo-controlled study. Clin
Translat Allergy 2014; 4. 7

2005

ES

58/71

PP

FAS

500/574

FAS
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(Continued)

Table 5: Studies with positive proof of efficacy for early blossoming plants (birch pollen) (source: website of DGAKI,

www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

1) In studies, single products show an effect that does not meet the listed requirements, however, contribute to
clinical documentation.

2) The criteria are based on those of the Paul Ehrlich Institute (PEI) of the year of approval, partly they differ from
current requirements.

* The primary endpoint was a combined SMS of eyes, nose, and lung and was not achieved. Without the values for the
lung, the criteria are fulfilled.

** An FAS evaluation (N=105) was performed, too, that could not show an effect of at least 20% compared to placebo.

Scores:

SMS: The combined symptom medication score revealed an efficacy of 20% over placebo.

ES: Both single scores (symptom and medication score) confirmed an efficacy of 20% over placebo.

Evaluation procedure: Significance of the studies

ITT: strict intention-to-treat (ITT) evaluation, all randomized patients Conservative (based on daily practice,
were evaluated. corresponding to Consort)

FAS: full analysis test, oriented at the ITT principle. All available data
are included in the evaluation, except (according to ICH guideline):
- Inclusion criteria are definitely not met
- No medication intake
- Not a single score of the patient is available

PP:  per protocol. Dropouts are allowed that are not included in the Potential bias in favor of the intervention
FAS criteria, such as for example: moving, pregnancy, non-
compliance etc.
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Table 6: Studies with positive proof of efficacy for grass allergies (source: website of DGAKI,

www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

22

Studies’ with positive proof of efficacy — grass
pollen 7-2015
Table is not recommended as base for decision for
prescribability and reimbursability in the sense of
positive or negative list.

Approval?
(year)

Study
including
children

SMS
vs. ES

Evaluated
patients/
Randomized
patients

Evaluation
procedure

Allergoid SCIT allergens

Allergovit

Carrigon CJ. For the Study Group: Kettner J,
Doemer C, Cromwell O, Norkus A. Efficacy and
safety of preseasonal-specific immunotherapy with
an aluminium-absorbed six-grass pollen allergoid.
Allergy 2005; 60: 801-807

1992

SMS

143/154

PP

Clustoid®

Klimek L, Uhlig I, Mésges R, Rettig K, Pfaar O. A
high polymerized grass pollen extract is
efficacious and safe in a randomized double-blind,
placebo-controlled study using a novel up-dosing
cluster protocol. Allergy 2014, 69: 1629-1638

SMS

102/121

PP

Depigoid®

Alvarez-Cuesta E, Arogoneeses-Gilsonz E,
Martin-Carcia C, Berges-Gimeno P, Gonzolez-
Mancebo E, Cuesta-Herranz J. Inmunotherapy
with depigmented gularaldehyde-polymerized
extracts: changes in quality of life. Clin Exp Allergy
2005, 35: 572-578

ES

53/53

ITT*

Depiquick®

Pfaar O, Urry Z, Robinson DS, Sager A, Richards
D, Howrylowicz CM, Brdutigam M, Klimek L. A
randomized placebo-controlled trial of rush
preseasonal depigmented polymerized grass
pollen immunotherapy. Allergy 2012; 67: 272-279

SMS

179/195

FAS

Pollinex Quattro®

Draachenberg KJ, Wheeler AW, Stiibner P, Harak
F. A well-tolerated grass pollen-specific allergy
vaccine containing a novel adjuvant,
monophosphoryl lipid A, reduces allergic
symptoms after only four preseasonal injections.
Allergy 2001; 56: 498-505

SMS

124/141

PP

Du Buske LM, Frew AJ, Harak F, Keith PK,
Corrigan Cl, Aberer W, Holdich T, Fischer von
Weikersthal-Drachenberg KJ. Ultrashort-specific
immunotherapy successfully treats seasonal
allergic rhinoconjunctivitis to grass pollen. Allergy
Asthma Proc 2011; 32: 239-247

SMS

343/1028

PP*

Non-modified SCIT allergens

ALK-depot SQ®

Dolz I, Martinez-Cécera C, Bartolomé JM, Cimarra
M. A doubleblind, placebo-controlled study of
immunotherapy with grass-pollen extract Alutard
SQ during a 3-year period with initial rush
immunotherapy. Allergy 1996; 51: 489-500

Frew AJ, Powell RJ, Corrigan CJ, Durham SR; UK
Immunotherapy Study Group. Efficacy and safety
of specific immunotherapy with SQ allergen
extract in treatment-resistant seasonal allergic
rhinoconjunctivitis. J Allergy Clin Immunol 2006;
117: 319-325

Roberts G, Hurley C, Turcanu V, Lack G. Grass
pollen immunotherapy as an effective therapy for
childhood seasonal allergic asthma. J Allergy Clin
Immunol 2006; 117: 263-268

Varmney VA, Gaga M, Frew AJ, Aber VR, Kay AB,
Durham SR. Usefulness of immunotherapy in
patients with severe summer hay fever
uncontrolled by antiallergic drugs. Brit Med J 1991;
302: 265-269

1990

ES

28/30

PP

ES

365/410

PP

Yes

SMS

35/39

PP

ES

35/40

PP
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(Continued)

Table 6: Studies with positive proof of efficacy for grass allergies (source: website of DGAKI,

www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

22

Studies’ with positive proof of efficacy — grass
pollen 7-2015
Table is not recommended as base for decision for
prescribability and reimbursability in the sense of
positive or negative list.

Approval?
(year)

Study
including
children

SMS
vs. ES

Evaluated
patients/
Randomized
patients

Evaluation
procedure

Allergoid SLIT allergens

LAIS®

Bordignon V. Efficacia di una nuova
immunoterapia per graminacee ad assorbimento
orale. Studio parallel eseguito per tre anni. G Ital
Allergol Immunol Clin 1994 ; 4 : 153-159

ES

Unknown/60

Not
reported

Non-modified SLIT allergens

Grazax®

Blaiss M, Maloney J, Nolte H, Gawchik S, Yao R,
Skoner DP. Efficacy and safety of timothy grass
allergy immunotherapy tablet in North American
children and adolescents. J Allergy Clin Immunol
2011; 127: 64-71

Bufe A, Eberie, Franke-Beckmann E, Funck J,
Kimmig M, Klimek L, Knecht R, Stephan V,
Thoistrup B, Weisshaar C, Kaiser F. Safety and
efficacy in children of an SQ-standardized grass
allergen table for sublingual immunotherapy. J
Allergy Clin Immunol 2009; 123: 167-173

Dahl R, Kapp A, Colombo G, de Monchy JGR,
Rak S. Emminger W, Rivas MF, Ribel M, Durham
SR. Efficacy and safety of sublingual
immunotherapy with grass allergen tablets for
seasonal allergic rhinoconjunctivitis. J Allergy Clin
Immunol 2006; 118: 434-440

Dahl R, Stender A, Rok S. Specific
immunotherapy with SQ standardized grass
allergen tablets in asthmatics with
rhinoconjunctivitis. Allergy 2006; 61: 185-190

2006

Durham SR, Yang WH, Pedersen MR, MSc-
Pharm, Johansen N, MSc-Chem Eng, Rok S.
Sublingual immunotherapy with once-daily grass
allergen tablets. A randomized controlled trial in
seasonal allergic rhinoconjunctivitis. J Allergy Clin
Immunol 2006; 117: 802-809

Nelson HS, Nolte H, Creticos P, Maloney J, Wu J,
Bemnstein DI. Efficacy and safety of timothy grass
allergy immunotherapy tablet treatment in North
American adults. J Allergy Clin Immunol 2011;
127: 72-80

Maloney J, Bernstein DI, Nelson H, Creticos P,
Hébert J, Noonan M, Skoner D, Zhou Y, Kour A,
Nolte H. Efficacy and safety of grass sublingual
immunotherapy tablet, MK-7 243: a large
randomized controlled trial. Ann Allergy Asthma
Immunol 2014, 112: 146-153

Yes

SMS

307/345

FAS

Yes

ES

238*253

FAS

ES

568/634

FAS

ES

93/114

PP

ES

640/855

P P***

SMS

391/439

FAS

Yes
(250/283)

SMS

1301/1501

FAS

Oralair®

Didier A, Malling HJ, Worm M, Horak F, Jager S,
Montagut A, André C, de Beaumont O, Melac M.
Optimal dose, efficacy, and safety of once-daily

sublingual immunotherapy with a 5-grass pollen

tablet for seasonal allergic rhinitis. J Allergy Clin
Immunol 2007; 120: 1338-1345

Didier A, Worm M, Harak F, Sussman G, de
Beaumont O, Le Gall M, Melac M, Malling HJ.
Sustained 3-year efficacy of pre- and coseasonal
5-grass-pollen sublingual immunotherapy tablet in
patients with grass pollen-induced
rhinoconjunctivitis. J Allergy Clin Immunol 2011;
128: 559-566

2008

ES

569/628

FAS

SMS

461/633

FAS
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(Continued)
Table 6: Studies with positive proof of efficacy for grass allergies (source: website of DGAKI,
www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

Studies! with positive proof of efficacy — grass E
valuated
pollen 7-2015 Approval? Study SMS atients/ Evaluation
22 | Table is not recommended as base for decision for PP including P . u
S - AR (year) ] vs. ES | Randomized | procedure
prescribability and reimbursability in the sense of children .
o S patients
positive or negative list.
Wahn U, Tabar A, Kuna P, Haiken S, Montagut A,
de Beaumont O, Le Gall M; SUT Study Group.
I_:'fﬁcacy and safety of 5-'grass-'pol_len-sub_lingual Yes ES 266/278 FAS
immunotherapy tablets in pediatric allergic
rhinoconjunctivitis. J Allergy Clin Immunol 2009;
123: 160-166
Cax LS, Casale TB, Nayak AS, Bemstein DI,
Creticos PS, Ambrosine L, Melac M, Zeldin RK.
Clinical efficacy of 300IR 5-grass pollen sublingual
tablet in a US study: the importance of allergen- SMS 438/473 FAS
specific serum IgE. J Allergy Clin Immunol 2012;
130: 1327-1334

1) In studies, single products show an effect that does not meet the listed requirements, however, contribute to
clinical documentation.

2) The criteria are based on those of the Paul Ehrlich Institute (PEIl) of the year of approval, partly they differ from
current requirements.

* The result of this study with a mixture of olive tree and timothy grass does not allow conclusions on the efficacy of a
mono-product of timothy grass alone. Furthermore, it does not correspond to the draft of the EMA guideline stating that
only homologous groups should be mixed in an allergen extract.

** An FAS evaluation (N=1028) was performed, too, that could not show an effect of at least 20% compared to placebo.

e The result was achieved in a subgroup of patients who started medication at least 8 weeks prior to the season. The
primary endpoint of the study was missed.

Scores:

SMS: The combined symptom medication score revealed an efficacy of 20% over placebo.

ES: Both single scores (symptom and medication score) confirmed an efficacy of 20% over placebo.

Evaluation procedure: Significance of the studies

ITT: strict intention-to-treat (ITT) evaluation, all randomized patients Conservative (based on daily practice,
were evaluated. corresponding to Consort)

FAS: full analysis test, oriented at the ITT principle. All available data
are included in the evaluation, except (according to ICH guideline):

- Inclusion criteria are definitely not met
- No medication intake
- Not a single score of the patient is available

PP:  per protocol. Dropouts are allowed that are not included in the
FAS criteria, such as for example: moving, pregnancy, non- Potential bias in favor of the intervention
compliance etc.
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Table 7: Studies with positive proof of efficacy for dust mite allergies (source: website of DGAKI,
www.dgaki.de/Leitlinien/s2k-Leitlinie-sit/)

Studies’ with positive proof of efficacy — Approval? Study SMS vs. Evaluated Evaluation

dust mite allergens 7-2015 (year) including ES patients/ procedure

Table is not recommended as base for children Randomized
decision for prescribability and reimbursability patients

in the sense of positive or negative list.

Allergoid SCIT allergens

Depigoid®

Ameal A, Vega-Chicote JM, Fernandez S,
Miranda A, Carmona MJ, Rondén MC, Reina
E, Garcia-Gonzalez JJ. Double-blind and
placebo-controlled study to assess efficacy
and safety of a modified allergen extract of
Dermatophagoides pteronyssinus in allergic
asthma. Allergy 2005; 60: 1178-1180

ES 55/63 PP

- - - 2004
Garcia-Robaina JC, Sanchez |, de la Tarre F,

Femandez-Caldas E, Casanovas M.
Successful management of mite-allergic
asthma with qulﬂed extracts. of ES 64/64 TT
Dermatophagoides pteronyssinus and
Dermatophagoides farinae in a double-blind,
placebo-controlled study. J Allergy Clin
Immunol 2006; 118: 1026-1032

Non-modified SCIT allergens

Allergoid SLIT allergens

Non-modified SLIT allergens

1)

2)

In studies, single products show an effect that does not meet the listed requirements, however,
contribute to clinical documentation.

The criteria are based on those of the Paul Ehrlich Institute (PEI) of the year of approval, partly they differ
from current requirements.

Scores:
SMS: The combined symptom medication score revealed an efficacy of 20% over placebo.

ES: Both single scores (symptom and medication score) confirmed an efficacy of 20% over placebo.
Evaluation procedure: Significance of the studies
ITT: strict intention-to-treat (ITT) evaluation, all randomized patients were Conservative (based on daily
evaluated. practice, corresponding to
FAS: full analysis test, oriented at the ITT principle. All available data are Consort)
included in the evaluation, except (according to ICH guideline):
- Inclusion criteria are definitely not met
- No medication intake
- Not a single score of the patient is available
PP:  per protocol. Dropouts are allowed that are not included in the FAS Potential bias in favor of the
criteria, such as for example: moving, pregnancy, non-compliance etc. intervention
Notes 2. Markovitz BP, Randolph AG. Corticosteroids for the prevention
and treatment of post-extubation stridor in neonates, children
and adults. Cochrane Database Syst Rev. 2000;(2):CD001000.
Com peting interests DOI: 10.1002/14651858.CD001000
3. Lee CH, Peng MJ, Wu CL. Dexamethasone to prevent
The author declares to have received research support postextubation airway obstruction in adults: a prospective,
by the companies Shire (Firazyr®) and Behring (Berinert®). randomized, double-blind, placebo-controlled study. Crit Care.
2007;11(4):R72. DOI: 10.1186/cc5957
4. Cesar RG, de Carvalho WB. L-epinephrine and dexamethasone
Refe rences in postextubation airway obstruction: a prospective, randomized,
double-blind placebo-controlled study. Int J Pediatr
1. Gaussorgues P, Boyer F, Piperno D, Gérard M, Léger P, Robert Otorhinolaryngol. 2009 Dec;73(12):1639-43. DOI:

D. Cedéme laryngé aprés extubation. Les corticoides ont-ils un 10.1016/3.ijporl.2009.08.004

rble dans sa prévention [Laryngeal edema after extubation. Do
corticosteroids play a role in its prevention?]. Presse Med. 1987
Sep;16(31):1531-2.
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5. Khemani RG, Randolph A, Markovitz B. Corticosteroids for the 23.  Maurer M, Grabbe J. Urticaria: its history-based diagnosis and
prevention and treatment of post-extubation stridor in neonates, etiologically oriented treatment. Dtsch Arztebl Int. 2008
children and adults. Cochrane Database Syst Rev. 2009 Jul Jun;105(25):458-65; quiz 465-6. DOI:
8;(3):CD001000. DOI: 10.1002/14651858.CD001000.pub3 10.3238/arztebl.2008.0458

6. Neuhauser HK. Epidemiology of vertigo. Curr Opin Neurol. 2007  24.  McDowell SE, Coleman JJ, Ferner RE. Systematic review and
Feb;20(1):40-6. DOI: 10.1097/WC0.0b013e328013f432 meta-analysis of ethnic differences in risks of adverse reactions

7 Minor LB, Schessel DA, Carey JP. Méniére's disease. Curr Opin to drugs used in cardiovascular medicine. BVJ. 2006
Neurol, 2004 Feb:17(1):9-16. May;332(7551):1177-81. DOI: 10.1136/bm;j.38803.528113.55

. 25.  Sharma JN. Does kinin mediate the hypotensive action of

8. Yeh TH’ _Herman P Tsal MC, Tran _Ba Huy P, Van F’e“ Abbgele T. angiotensin converting enzyme (ACE) inhibitors? Gen Pharmacol.
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a long-term follow-up study of bilateral hearing levels. Acta
Otolaryngol. 2006 Sep;126(9):921-5. DOI: 27.  Yang HY, Erdos EG, Levin Y. A dipeptidyl carboxypeptidase that
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10. James A, Thorp M. Meniére's disease. Clin Evid. 2005 Biophys Acta. 1970 Aug 21;214(2):374-6.
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