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Abstract: The present document is based on a consensus reached by a panel of experts from Chinese
Society of Allergy (CSA) and Chinese Allergic Rhinitis Collaborative Research Group (C2AR2G). Allergen
immunotherapy (AIT), has increasingly been used as a treatment for allergic rhinitis (AR) globally, as
it has been shown to provide a long-term effect in improving nasal and ocular symptoms, reducing
medication need, and improving quality of life. AIT is currently the only curative intervention that can
potentially modify the immune system in individuals suffering from AR and prevent the development of
new sensitization and the progression of disease from AR to asthma. Although the use of AIT is becoming
more acceptable in China, to date no AR immunotherapy guideline from China is available for use by

the international community. This document has thus been produced and covers the main aspects of AIT
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undertaken in China; including selection of patients for AIT, the allergen extracts available on the Chinese

market, schedules and doses of allergen employed in different routes of AI'T, assessment of effect and safety,

patients’ administration and follow-up, and management of adverse reactions. The Chinese guideline for AR

immunotherapy will thus serve as a reference point by doctors, healthcare professionals and organizations

involved in the AIT of AR in China. Moreover, this guideline will serve as a source of information for the

international community on AI'T treatment strategies employed in China.
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Introduction

Allergic rhinitis (AR) is an inflammatory disease of the nasal
mucosa, induced by an immunoglobulin E (IgE)-mediated
reaction in allergen-sensitized subjects. It is characterized
by sneezing, rhinorrhea, nasal congestion and nasal
pruritus, which are often accompanied by ocular pruritus,
redness and/or lacrimation (1). In view of the large numbers
of patients with comorbid rhinitis and asthma, it has been
suggested that AR and asthma may be regarded as “one
airway, one disease” (2). Moreover, it is generally thought
that there exists an “allergic march” (3), the natural history
of atopic manifestations characterized by a typical sequence
of IgE antibody responses and clinical symptoms which may
appear early in life, which persists over years or decades and
often remits spontaneously with age. However, although
not life threatening, the symptoms of AR as well as the
comorbid diseases are frequently bothersome, adversely
affect work, psychological health (4-7) and quality of life,
as well as imposing a significant socioeconomic burden on
both the individual and society (8-11).

Epidemiological studies have revealed that the
prevalence of AR has increased progressively in the more-
developed countries, and currently affects up to 40% of
the population worldwide (12-15). Likewise, rising trend
of AR has also been observed globally in the past decades;
with a widely varying prevalence particularly in the
developing nations, including in China (16). Indeed, one
nationwide population-based study assessed self-reported
AR using validated questionnaire-based telephone
interviews in over 38,000 adult subjects in 11 major cities
across China, from September 2004 to May 2005, and
demonstrated that while the prevalence of AR was 11.1%
among the entire study cohort, there was highly variability
in prevalence of AR among the different cities; ranging
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from 8.7% in Beijing to 24.1% in Urumgqi (17). Similarly,
a survey of a total of 23,791 children aged 6-13 years in
8 metropolitan capital cities of provinces in four regions
across China, during November and December 2005,
demonstrated that the mean prevalence of childhood
AR was 9.8%, and ranged from 3.9% in Xi’an to 16.8%
in Guangzhou (18). A more recent study has further
reported a progressive overall increase in the prevalence
of self-reported AR during a 6-year period in the general
Chinese adult population in major cities (19). Compared
with AR prevalence of 11.1% in the survey in 2005, the
standardized prevalence of adult AR in 18 major cities was
17.6% in 2011; with the highest AR prevalence of 23%
reported for Shanghai and lowest AR prevalence of 9.8%
reported for Chengdu. These findings clearly suggest that
increasing trend and the instability of the prevalence of
AR in China, which may not have peaked yet.

The management of AR includes allergen avoidance,
pharmacotherapy, allergen immunotherapy (AIT), and
patient education (1). Thus, identifying the major local
allergens is the first step to AR management involving
diagnosis, prevention and AI'T. Identification of the local
prevailing allergens is particularly important as the type of
allergen inducing AR varies significantly among regions due
to the effect of geographic, climatic, and humanistic factors.
Zhang et al. (16) summarized the patterns of sensitization
to inhalant allergens among AR patients in mainland
China and demonstrated that the prevalence and type of
aeroallergens were different in various cities and regions.
Dust mites were reported as the most common allergen in
many regions, whereas Goosefoot and Lupulus (instead of
dust mites) were the main aeroallergens in north-western
China. Compared with adults, studies of the sensitizing
inhaled allergens in children with AR suggested that a
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wider spectrum and Alternaria tenuis as well as mixed fungi
were more common in children than adults. In 2009, Li
and colleagues (20) surveyed 6,304 patients suffering from
asthma and/or rhinitis in 17 cities from four regions of
China and showed that Dermatophagoides farina (Der f) and
Dermatophagoides pteronyssinus (Der p) were the predominant
aeroallergens in perennial/persistent AR individuals in
China.

As a hallmark of AR treatment, AIT is currently the
only curative intervention that can potentially modify the
immune system of individuals suffering from AR, and thus
affect the natural course of allergic disease (21). Research
on and the clinical practice of AIT has shown remarkable
progress since Noon (22) first described immunotherapy
for AR in 1911. The long-term effect, efficacy and safety
of AIT have been investigated and confirmed in many
clinical trials and studies (23-25). However, AI'T has not
become a common and widely accepted treatment option
for AR in China, and it is available in only a few major
cities. The limited use of AI'T in China may be attributable
to several factors; including insufficient acceptance of AIT
by doctors and patients, the potential risk of anaphylaxis,
and the inconvenience of allergen administration together
with the relatively high cost of treatment. With regard
to the inconvenience of AIT, it is necessary to design
administration schedules that shorten the build-up phase
without increasing the rate of adverse reactions. Cluster-
or rush-specific subcutaneous immunotherapy (SCIT)
schedules have been proven to be good alternatives in terms
of their safety as well efficiency. It is worth mentioning that
the cluster schedule reported by Zhang and colleagues (26)
in 2009 as a safe alternative to the conventional schedule
with the advantage of achieving clinical effectiveness sooner
has subsequently been referenced in several international
guidelines of immunotherapy for allergy (27,28). More
recently, a prospective, open-IV clinical trial by Qiu and
colleagues (29) has confirmed the safety and efficacy of rush
immunotherapy (RIT) and conventional immunotherapy in
Chinese AR patients. Zhou and colleagues (30) investigated
the current trends in the awareness and application status
of AIT among Chinese ENT (ear, nose, and throat)
specialists across China and concluded that whilst most of
the specialists appeared to be in agreement with recent AI'T
progress and international guidelines, many areas still need
to enhance the standardization and use of AIT in China.
In order to promote research and clinical practice on AR
immunotherapy at all levels in China, the Chinese Allergic
Rhinitis Collaborative Research Group (C2AR2G) reviewed
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the evidence on allergen specific SCIT in AR available in
the literature (31). Furthermore, the Chinese Society of
Allergy (CSA) organized a panel of experts to reach a more
comprehensive consensus concerning not only SCIT but
also SLIT in China, and to produce a guideline document
in English. Since the recommendations in the guideline
have been proposed by some specialists, the document still
needs to be validated and commented by other experts
from China, as well as the world. The validated Chinese
guideline for AR immunotherapy will serve as the reference
point by doctors, healthcare professionals and organizations
involved in the AIT of AR in China and help to facilitate
the development of relevant local standards of care and
protocols in the management of AR patients. Moreover,
this guideline will serve as a source of information for
the international community on AIT treatment strategies
employed in China.

Significance of AIT

AIT is an important treatment strategy for patients with
AR aimed at rebalancing the response to allergens. AI'T
involves the administration of gradually increasing doses
of an allergen extract, to which an individual is allergic,
such that the incremental increases in the allergen lead
to desensitized or hypo-sensitized of the immune system
towards subsequent natural exposure to that allergen; thus,
resulting in long-term relief of the symptoms of allergy and
improvement of quality of life of the individual.

Modifying effect of AIT on allergic disease

Adults

AIT was empirically developed in 1911 to treat AR before
the discovery of IgE (32). Noon (22) first speculated that
pollens contained “toxins” and injecting hay fever patients
with small amounts of this pollen “toxin” would help to
achieve a state of immunity, like a vaccine. Subcutaneous
injection of allergen extract, also known as allergy shots,
has since been the historical and predominant method of
administration. Indeed, a nationwide cross-sectional survey
assessing the trends in specific immunotherapy for AR in
China has recently shown that conventional subcutaneous
injection was the treatment option, which was most highly
recommended by 96.2% of the Chinese ENT Specialists
surveyed (30). However, sublingual immunotherapy (SLIT)
has rapidly been established with high scientific credibility
and become the most viable alternative to SCIT. As
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house dust mites (HDM) have been shown to be the most
prevalent allergens in patients with AR and atopic asthma
in multi-center study of prevalence of sensitization in
patients with AR and atopic asthma in Mainland China (20),
the Chinese guidelines recommend that AR patients who
are allergic to one or two aeroallergens and particularly
sensitized to HDM, should be treated by AI'T (30).

Several studies have demonstrated that both SCIT and
SLIT can significantly improve the nasal symptoms, reduce
the need for symptomatic medication, and improve the
quality of life during and after therapy, in adult AR patients
(1,33). Compared to the pharmacological therapies, the
inherent benefit of AIT is the potential to treat all clinical
expressions of respiratory allergic disease (34). Furthermore,
in the long-term AI'T can produce economic savings due to
a combination of reduced drug usage and improvement of
quality of life (35).

The association between AR and asthma has been
firmly established. AR and asthma share multiple common
pathophysiological processes, and as AR frequently precedes
the onset of asthma, this opens a window of opportunity
for early intervention and possibly even prevention of
asthma (36). A study investigating the effects of long-term
therapeutic and preventive effects of AIT in AR patients
with/without asthma allergic to HDM has demonstrated
that a 3-year course of SCIT obtained a long-term effect
of improving clinical symptoms and reducing the risk of
development of asthma (37). Similarly, other studies have
demonstrated that AI'T can also reduce the development
of new allergic sensitizations in AR patients (38-40). A
recent meta-analysis has assessed randomized controlled
studies investigating the preventive effects of AI'T in the
development of first allergic disease in healthy asymptomatic
individuals and concluded that although AIT reduced the
short-term risk of patients with AR developing asthma, there
was no consistent evidence from the studies that AI'T reduced
the short-term risk of the onset of a first allergic disease in
adults (41). However, the effect of AI'T in reducing the risk
of developing the first allergic disease over the longer term
was not investigated and, thus this issue remains an open
question, which needs to be addressed in future studies.

Children

AIT can prolong symptoms remission after discontinuation
of treatment in children with AR (42-48). Significantly
lower symptom scores and better quality of life scores
were found in children treated with SCIT for 3 years,
compared with either baseline scores or in children treated
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with conventional medication (42). Furthermore, the
benefits lasted for up to the 5th year after the end of SCI'T.
Subjects with mono-/poly-sensitization obtained the same
benefits from SCIT. Similarly, significant improvements in
symptoms and medication scores have been demonstrated
in HDM-sensitized children with AR treated with a
combination of SLIT for 2 years and symptomatic
medication, compared with children treated with
medication only (44). Moreover, 2 years after withdrawal
of therapy, the symptom scores, medication score and
subjective satisfaction in 11 years old children treated with
SLIT were better than those in 4-5 years old group. Chen
and colleagues (43) investigated the onset time and efficacy
of SLIT in 140 children (aged 4-14 years) with perennial
moderate to severe HDM-induced AR. The authors
showed that total nasal symptom score (TNSS), total
medication score (TMS) and visual analogue scale (VAS)
of both younger children group (aged 4-8 years) and older
children group (aged 9-14 years) decreased significantly
after 3, 6, 12 and 24 months of treatment. Indeed, Weng
and colleagues (49) found the effect of SLIT in children
was better compared to that in adults. Jacobsen and
colleagues (24) administered SCIT for 3 years to patients
with AR and conjunctivitis, and followed them for up to
10 years after initiation of SCIT. The authors
demonstrated that SCIT not only resulted in significant
improvements in symptoms at the 10-year follow-up
compared to non-SLIT, but also showed a significant
longitudinal protective effect against development of
asthma and bronchial hyper-responsiveness (24).

Collectively these studies indicate that AI'T has important
modifying effects on allergic diseases; helping to achieve
better control of disease, reduce medication dosage, and
prevent development of new sensitization and subsequent
asthma.

Prevention of new sensitization

The effect of AI'T in preventing new sensitizations

Several studies have evaluated the effect of AIT in
preventing new sensitisations in Chinese asthmatic and AR
patients. One study by Song and colleagues (50) investigated
efficacy of SIT with standardized allergen vaccine or
no SCIT with only symptomatic therapy for 3 years in
asthmatic children with mite allergy; by assessing skin prick
test (SPT), pulmonary function, serum specificity IgE (sIgE)
and new sensitizations. The authors demonstrated that
children receiving SCIT showed significantly improved
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clinical symptom scores, lung function, and skin test
results compared to children treated with symptomatic
therapy. Furthermore, none of the children receiving
SCIT demonstrated new sensitizations, whereas 47.5%
of children receiving symptomatic therapy demonstrated
new sensitizations to pollens (wormwood, ragweed), animal
dander (dog and cat), fungi and cockroach (50).

Another study by Song and colleagues (51) assessed the
efficacy of SCIT in patients with AR, and demonstrated
that the blood eosinophil numbers, skin test index,
rhinitis symptom scores and drug scores were all
decreased significantly after SCIT for 3 years, compared
to symptomatic therapy. Moreover, no patient with AR
developed asthma after SCIT treatment group, and only
2.1% of patients developed new allergen sensitizations.
In contrast, patients 17.4% of patients treated with
symptomatic therapy developed asthma and 32.6%
patients demonstrated new sensitizations, to wormwood,
ragweed and tree pollens, animal dander and cockroach. It
was suggested that the earlier AI'T is used, the greater is its
preventive effect on the development of new sensitization
in AR.

A more recent study by Song and colleagues (52) has
evaluated the long-term efficacy of HDM-SCIT in patients
with AR. The authors demonstrated that clinical symptom
scores, drug scores and skin test result were all improved
significantly after SCIT for 3 years, compared to before
SCIT and compared to symptomatic therapy for 3 years.
Moreover, the curative effect of SCIT was maintained for
another 2 years after termination of SCIT and no patient
in the SCIT group developed asthma, while only 4.7%
of patients developed new sensitizations; as indicated by
both SPT and sIgE positive tests for wormwood and dog
dander in two patients. In contrast 22.0% of patients in
symptomatic therapy developed asthma and 41.5% of
patients were found to be newly sensitized to wormwood
(6 cases), ragweed (5 cases), dog hair (3 cases), tree pollen
(2 cases) and cockroach (1 case).

Marogna and colleagues (53) have assessed the efficacy
of SLIT for 3 years in children with AR with/without
intermittent asthma, and demonstrated that SLIT was also
more effective than conventional drug therapy in reducing
the onset of new sensitizations; as indicated by development
of new sensitizations in 3.1% of SLIT patients and 34.8%
of conventional drug therapy patients (odds ratio, 16.85;
95% confidence interval, 5.73-49.13). Moreover, SLIT
also reduced the development of mild persistent asthma
and reduced bronchial hyperreactivity in children with
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respiratory allergy to a significantly greater level than
conventional drug therapy.

The findings of Marogna and colleagues (53) have been
confirmed by a recent study which investigated the effects
of SLIT on new sensitization in Chinese AR children aged
3-13 years (54). Assessment of the number of positive
SPTs before and after treatment demonstrated that the
onset of new sensitization was observed in only 3.55% of
children treated by SLIT for 12 months compared with a
significantly greater number of 27.27% of children treated
by standard drug therapy. Moreover, the number of positive
allergens decreased in 11.35% of children in only the
SLIT group, and asthma medication use was significantly
decreased by the end of the study.

The risk of development of new sensitization
Patients with new sensitization have been shown to have
higher atopy scores and medication scores for both rhinitis
and asthma than patients without new sensitization, after
5 years of AIT treatment (50-52,55,56). Interestingly, one
study has demonstrated that the risk of development of new
sensitization was 3-fold higher in the control group than in
the SIT-aq (SIT with aqueous extracts) group and 4-fold
higher in the control group than in the SIT-ad (SIT with
adsorbed extracts) group (57). Some longitudinal studies
(57-59) have reported an increase in the sensitization
rates from childhood to adulthood. While one study in
children concluded that the evolution from mono- to
polysensitization was age-related (58), another study has
indicated that the rate of development of polysensitization
is dramatically increased in previously mono-sensitized
children after 2 to 10 years from the first diagnosis (59).
There is some evidence that patients suffering from
comorbid asthma and rhinitis are significantly more likely
to develop new sensitizations, compared to patients with
only rhinitis (39). Furthermore, it has been suggested that
genetic predisposition of an individual towards developing
a type 2 helper T cell (Th2) response to specific
allergens is a key determinant in the development of new
sensitization (39).

Cost effectiveness of immunotherapy

Immunotherapy is the only treatment to date, which can
modify the natural course of AR, however, it is costly due
to a variety of factors such as use of high purity allergen
extracts, administration by trained health-care specialists,
etc., and needs long term complete treatment for a
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satisfactory outcome. Cost effectiveness analysis is thus
important in health-care decision-making relevant to the
patients, physicians, and the companies, which manufacture
and supply the immunotherapy products (60).

Several individual studies and systematic reviews have
been published, which suggests that immunotherapy is
cost-effective as compared with standard symptomatic
pharmacotherapy for AR and AR accompanied with asthma
(ARAS) (61-67). These studies have consistently concluded
that immunotherapy for 3 years was cost effective compared
to pharmacotherapy with regard to symptom scores and
quality of life improvements. Indeed, evidence indicates
that immunotherapy is more cost-effective than standard
symptomatic treatment when the social perspective and
costs of productivity loss are taken into account (61-67).
Furthermore, the cost effectiveness of immunotherapy
is likely to be of greater magnitude when the long-term
efficacy after termination of AIT treatment and the
preventive effects of AI'T on development of asthma and
new sensitizations to allergens are considered (68-71).

Most studies investigating the cost-effectiveness of
immunotherapy for AR have been conducted in Europe and
in the United States, and thus the findings of these studies
need to be interpreted with caution when generalizing
their applicability to China and other countries from
outside these regions. This is particularly the case because
differences exist between countries; for example, different
patient populations, availability and use of different
immunotherapy products, different regulations and real-life
practices, different medicinal and healthcare costs, etc.

Presently, three SCIT vaccines are available for use in
China. The vaccine produced by one domestic company
(Xinhualian company, Beijing, China) is used in about
30 hospitals, and costs about 2,780 RMB (400 US dollars)
per year during the treatment of one patient. The other two
products are available from Merck in Germany and ALK
in Denmark, and both products cost about 800 US dollars
per year during the treatment of one patient. Similarly, only
one SLIT vaccine is currently available and used in China.
This vaccine is produced by a domestic company (Wolwo
company, Shanghai, China), and costs about 600 US dollars
per year during the treatment of one patient.

There is presently a marked paucity of data on cost
effectiveness of AIT for AR or ARAS in China. One study
by Chen and colleagues (72) has recently compared the cost
effectiveness of SCIT versus standard pharmacotherapy for
HDM-sensitized ARAS patients, in real-life practice for the
first year. The authors found that although cost of SCIT for
1 year was higher than that for standard pharmacotherapy,
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the cost effectiveness ratio of SCIT was significantly better
than that of standard pharmacotherapy for nasal symptom
scores (251.7 vs. 517.4 dollars) and asthma symptom scores
(701.3 vs. 862.4 dollars) (72).

In view of these studies, it is clear that more well-
designed cost effectiveness studies of AI'T investigating
larger numbers of patients treated and observed over
longer periods are required in Chinese AR and ARAS
patients in order that better strategies can be developed for
recommendation and wider use of AIT in China.

Algorithm and annotations for immunotherapy

In principle, AI'T can be of benefit to all patients with
typical history and symptoms of AR together with positive
skin test and/or detectable serum sIgE. In clinical practice,
however, AIT should be considered particularly in patients
with moderate/severe intermittent or persistent AR, who
do not respond sufficiently to current pharmacotherapy
(1,73,74) (Figure 1).

Routes of administration

Various routes of administration have been utilized
clinically for administration of allergen in AIT,
however, subcutaneous and sublingual routes of allergen
administration are most commonly employed.

Subcutaneous administration of allergen

Subcutaneous administration of allergen is the most
universal route of AIT for allergic diseases. In 1911,
Noon and Freeman first injected grass pollen extracts
subcutaneously to treat patients suffering from hay
fever (22). Over a century to date, this route is still used
to treat allergic asthma, allergic rhinoconjunctivitis and
hymenoptera hypersensitivity (75). This is particularly
because the efficacy and safety of SCIT has been widely
confirmed in clinical trials, although the main disadvantage
of the technique remains the inconvenience of repeated
injection in a clinical setting and the presence of some
systemic side effects depending on the extract used.

Sublingual administration of allergen

Sublingual administration of allergen has become as
an effective alternative to subcutaneous administration

of allergen for AIT in recent decades, in spite of SCIT
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Patients with AR

Y
Evaluate patients for risks, benefits and costs:

° AIT

* Allergen avoidance

* Pharmacotherapy

¢ Patients’ wishes, acceptance and compliance
e Effect of previous treatment

* Symptom severity

Indications:

* Pharmacotherapy cannot control the symptoms
effectively

* Serious adverse reactions caused by drug
treatment

* Patients are reluctant to accept continuous or
long-term drug treatment

4613

Contraindications:

¢ Uncontrolled asthma or asthma with FEV1 below
70% under treatment

* Treatment with B-blockers/ACEI

* Severe cardiovascular disease

»| * Severe autoimmune diseases

Y

* Discuss with patient treatment options, routes of
administration and protocol to use

* Explain that AIT should be combined with control/
preventive symptomatic drug treatment

Treatment protocols:

Check for availability of highest quality extract
Determine immunotherapy schedules and doses

Implementation of AIT:
Rescue equipment and management plan

* Severe psychological barriers or cannot
understand the risk and limitations of AIT

¢ Malignant tumors

* Pregnancy at the start of immunotherapy

¢ Acute infections

 Oral ulcers or oral trauma should not take SLIT

e Adverse reactions treatment
* Reassess risks/benefits

Professional trained medical and nursing personnel
on observation and rescue treatment of adverse
reactions

Y

Follow-up visit per 6 to 12 months during the AIT

* Assess clinical efficacy of treatment and possibly
re-evaluate sensitization status.

* Assess the protocol and patient compliance

* Assess duration of immunotherapy

> o Consider schedule and dosage adjustment
¢ Consider stopping AIT

Figure 1 Algorithm and annotations for immunotherapy. AR, allergic rhinitis; AI'T, allergen immunotherapy; FEV1, forced expiratory

volume in one second.

being the gold standard. The earliest case of sublingual
administration of allergen in patients appeared in 1986 (76),
and current indications for SLIT are AR (sensitized to
pollen allergens, cat fur and HDM) and mild to moderate
asthma (sensitized to HDM) (77).

In China, there is only one mite product for use in SLIT
at present, and consequently SLIT is not as common as
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SCIT in clinical practice. However, it is possible that with
the availability of more tried and tested products, SLIT may
be more widely used in China in the future.

Other routes of allergen administration in AIT

Apart from subcutaneous (for SCIT) and sublingual (for
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SLIT) routes of allergen administration, allergen has also
been administered via other less common routes; including
intra-lymphatically (for intra-lymphatic immunotherapy;
ILIT), epicutaneously (for epicutaneous immunotherapy;
EPIT), orally (for oral immunotherapy; OI'T), nasally (for
local nasal immunotherapy; LNIT) and bronchially (for
local bronchial immunotherapy; LBIT). ILIT has been
shown to reduce the treatment period from 2.5-3 years to 8
weeks (78), and consequently, this route might become the
preferred alternative to conventional SCIT or SLIT. As far
as EPIT is concerned, more research is needed to define
optimal doses (79). In the case of OIT, its limited efficacy,
safety and tolerability are major drawbacks and severely
curtailed the use of this technique (80). Similarly, local
adverse reactions, requirement of a particular administration
technique and effectiveness in rhinitis only has limit the
application of LNIT in clinical practice (81,82), whereas
LBIT has been abandoned already because controlled trials
have failed to demonstrate clinical efficacy and adequate
safety of allergen administered via this route (82).

Mechanisms of immunotherapy

The mechanisms of AIT are still not fully understood (83).
AIT is based on administration of gradually increasing
concentrations of allergen extracts and leads to the
development of clinical allergen tolerance in selected
patients. Tolerance is mainly accompanied by the induction
of regulatory subsets of T and B cells, the production of
IgG4 isotype allergen-specific blocking antibodies, and
decreased inflammatory responses to allergens by effector
cells in inflamed tissues (46,84,85).

During the last 20 years, regulatory T (Treg) cells
have been identified to play a pivotal role in inducing and
maintaining peripheral immune tolerance during AI'T.
Skewing of allergen-specific effector T cells to a regulatory
phenotype is a key event during AIT, not only in the
development of healthy immune response to allergens, but
also successful outcome in patients receiving AI'T. Both
sublingual and subcutaneous routes of AIT have been
confirmed to induce allergen-specific Treg cells in the
clinical setting (86). In addition to Treg cells, other key cell
types such as suppressive B cells and dendritic cells (DCs)
also appear to play important roles in successful AI'T.

Desensitization effects (very early phase) following AIT
Although relief of IgE-mediated skin sensitivity usually
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requires more than 1 year of AI'T, most patients start
to get protection against bee stings or tolerance to skin
late-phase response challenges during very early phase
following the AIT (87,88). Indeed, a decrease in mast cell
and basophil activation and degranulation and systemic
anaphylaxis has been found to be initiated from even
the first injection (86). However, how AIT mediates this
desensitization effect is yet unknown (86-88). In a study
investigating oral desensitization in mice, antigen-specific
mast cell desensitization was demonstrated to be one of the
main underlying mechanisms for oral desensitization (89).
Thus, it is possible that in the very early phase, the
suppression of mast cells and basophils might be modulated
by changes in other immune factors, such as increased Treg
cells and specific IgE (sIgE) levels. One study investigating
the protective mechanisms during allergen-specific
venom immunotherapy demonstrated that monocytes
were activated very early within a few hours after the first
injection on day 1, and that monocyte initiated ILT3/4-
mediated inhibition, higher IL-10 production, as well as
elevated intracellular cAMP might contribute to early
induction of protective mechanisms against allergic
reactions during the build-up phase of allergen-specific
venom immunotherapy (90).

Modulation of antigen-presenting cells (APCs) function
Sfollowing AIT

APCs, particularly DCs, control both the processes of
immune response and peripheral tolerance by means
of identification of the environmental signals that are
associated with encountered antigen (such as pathogen-
associated molecular patterns). The tolerogenic activity of
DCs depends on the maturation status and the activation
status of the cell, in addition to the cell lineage (for example,
myeloid DCs versus plasmacytoid DCs), all of which
can be influenced by immunomodulatory agents such as
adjuvants (91). In AI'T] in the absence of pro-inflammatory
signals, airway DCs have an intermediate phenotype
between immature and mature; which expresses a range of
co-stimulatory molecules resulting in tolerogenic interaction
with lymph-node T cells. Following AIT, DCs can
induce T cells with a regulatory phenotype and function,
which secrets IL-10. Such Treg cells inhibit subsequent
inflammatory responses, which might subsequently lead to
the beneficial effects of AI'T (92,93). Depletion and adoptive
transfer of pulmonary plasmacytoid DCs (pDCs) in a mouse
model has demonstrated that pDCs play a central role in
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protection against sensitization to allergen and development
of asthma (94). In addition, several clinical trials have shown
that APCs; including B cells, monocytes and macrophages;
produce increased amounts of IL-10 following AI'T; and this
might lead to increased generation of IL-10-secreting Treg
cells (95,96).

Modulation of T-cell responses and peripheral T-cell
tolerance to allergens following AIT

T-cell responses to food allergens and airborne allergens
have shown that allergens can induce Thl, Th2 and Treg
responses. The ratio of allergen-specific IL-10-secreting
cells to IFN-y-secreting cells and IL-4-secreting cells
determines the development of a healthy or a pathogenic
immune response (97). Active regulation might be an
essential mechanism for both inducing and maintaining
peripheral tolerance to allergens. In allergic diseases, the
activity of both allergen-specific IL-10-secreting Treg cells
and CD4+CD25+ Treg cells are compromised, but can be
ameliorated by AI'T (95,97-100).

Modulation of T-cell responses to allergen following
AIT can be achieved in several ways, including the
following: (I) AIT can increase the allergen-induced ratio
of Thl cytokines to Th2 cytokines (101,102); (II) AIT
can induce epitope-specific T-cell anergy that can be
blocked by neutralization of IL-10 (103); (III) AIT can
generate allergen-specific Treg cells that can suppress the
responses of effector T cells following delivery of either
whole allergen or synthetic peptides that contain a T-cell
epitope (99); and (IV) AIT can increase the production of
cytokines with regulatory activity. Induction of mRNA that
encodes IL-10 and increased production of IL-10 protein
has been reported to occur in both the blood and the tissues
following AIT (87,99,100,104-106). Increased production
of transforming growth factor-p (TGF-B) has also been
reported following AIT, and suggested to contribute to
Treg-cell function, because addition of neutralizing TGFp-
specific antibodies to T-cell cultures was found to inhibit
the regulatory function of these T cells (100).

Modulation of antibody responses following AIT

While the level of allergen specific antibody response in
healthy control individuals are often too low to be detected,
exposure to high concentrations of allergen, has been shown
to elevate levels of allergen specific IgG4, IgG1, and IgA,
but not sIgE (99,107). Early studies in subjects with allergic
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conditions indicated that allergen-specific IgG prevented
immediate allergic skin inflammation by competing with
IgE for the same epitopes and binding the allergen; thus,
being termed blocking antibodies (108,109). However,
while the serum concentrations of allergen-specific IgG
have been shown to correlate with clinical improvement
in some studies, this has not been shown to generally be
the case, and thus remains a controversial issue (110-112).
Nevertheless, studies analysing the IgG isotypes induced by
AIT have shown that the concentrations of IgG1 and IgG4,
in particular, were increased 10- to 100-fold following
AIT, likely influencing the blocking of IgE-mediated
responses (111,113-115). Indeed, there is sufficient evidence
that functional activity, rather than the quantity of IgG
antibodies, might be a more appropriate measure, which
seems to correlate more closely with clinical parameters (96).
In particular, serum of patients receiving house-dust mite
AIT has been shown to contain high levels of specific IgA
and IgG4 against Der pl, but not IgE (99). Furthermore,
AIT did not change sIgE after 70 days of treatment. It
is important to note that IgA and IgG4 represent non-
inflammatory isotypes, whereas IgG1 and IgE binding to
allergens and can initiate an inflammatory response (99,116).

Patient selection
Indications & contraindications

Indications

AIT has been used to treat allergic diseases in China for
many years, and its efficacy confirmed in several clinical
studies. AIT is the only treatment which can prevent or
change the progression of AR to asthma and whose clinical
efficacy can persist for many years after discontinuation
of AIT (117). Thus, some international guidelines suggest
that AI'T can be started sooner if indicated and not only on
the premise of drug treatment failure (118,119). Recently
published articles have shown that in offspring with one or
both parents with allergies, the incidence of allergic diseases
was significantly lower when the parents had received AIT
treatment than when the parents did not undergo AIT
(120,121). In light of these findings, earlier initiation of
AIT therapy is indicated for patients who are diagnosed
with AR and whose symptoms are confirmed to be caused
by a specific allergen, if appropriate financial and medical
resources are available. Standardized allergen agent should
be used because the efficacy and safety of AI'T depends
strictly on the quality of the allergen extract. Based on the
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types of standardized allergen vaccines which are currently
available for clinical use in China, we recommend AIT
for especially patients sensitized to only a single common
allergen such as dust mite, either singly or in combination
with no more than 1-2 types of other allergens.

Since AIT is a disease modifying treatment, it should
be initiated early in the course of the disease in order to
prevent irreversible damage in mucous membranes of
the affected organ (122,123). AIT is especially suitable
for patients under the following conditions (124,125): (I)
pharmacotherapy (antihistamines, anti-leukotrienes drugs,
nasal glucocorticoids, etc.) cannot control the symptoms
effectively; (II) serious adverse reaction has occurred during
the pharmacotherapy; and (III) patients are reluctant to
accept continuous or long-term pharmacotherapy.

As China is a vast country with diverse regions, the level of
medical service and resources varies among different regions.
Patients’ compliance with immunotherapy is also different
from one region to another. As patient compliance is key to
the success of immunotherapy and also an important factor
in avoiding adverse reactions, the following factors should
be considered when AIT is recommended (126): (I) patients’
preference and compliance; (II) convenience of treatment;
(I1I) severity of symptoms and the effect of drug treatment;
and (IV) effects and possibility of allergen avoidance. Before
initiating AI'T, good communication with the patients is
essential, and patients must be informed about the following:
the practical procedure, the duration of treatment; the
expected effects and potential risks during the treatment.
Printed information on how AIT is carried out and how the
possible adverse events can be prevented should be available
to patients.

SLIT may be considered as initial treatment and failure
of pharmacological treatment is not an essential prerequisite
for the use of SLIT (118,119). SLIT is also widely used in
China, because it is safe, non-invasive, and can be easily
administered at home. Many systematic reviews suggest
that both SCIT and SLIT are effective for AR (127,128).
Although the indication for SLIT is similar to that of SCIT,
SLIT is more suitable for patients who cannot tolerate
SCIT because of severe adverse reactions, objection for
repeated injection, or hospital visits for injection therapy
are inconvenient.

Contraindications

SCIT should be performed only in clinics with resources
to manage any possible systemic adverse reactions. Indeed,
if possible the patients should be chosen prudently to avoid
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serious adverse reactions. The major contraindications
of SIT (SCIT and SLIT), however, are as the follows
(73,124,129):

@ Patients with severe or uncontrolled asthma
(FEV1 <70% predicted), and irreversible
respiratory obstructive disease. This is a major
contraindication for both SCIT and SLIT;

(II)  Patients who are using B-blockers or angiotensin
converting enzyme (ACE) inhibitors for
treatment. The use of B-blockers (including
surface-absorbing dosage forms) may increase
the risk of respiratory adverse reactions, and have
an influence on the effect of adrenaline used to
rescue severe allergic reactions. The use of ACE
inhibitors can inhibit the activation of renin-
angiotensin system of the human body, and
patients are therefore prone to have hypotension
shock when allergic reactions occur;

(IIT) Severe cardiovascular disease. In emergency,
patients with severe cardiovascular disease may
increase the risk of using adrenaline;

(IV)  Severe autoimmune diseases including autoimmune
and immunodeficiency diseases such as AIDS,
especially for patients during active stage;

(V)  Patients with severe psychological barriers or
patients who cannot understand the risk and
limitations of AI'T;

(VI) Malignant tumors. The relationship of allergen
vaccine and tumor immunology is not clear, and
therefore AIT it is not recommended for patients
with malignant tumors;

(VII) Pregnancy. Currently there is no evidence on the
adverse effects of immunotherapy on the fetus
or pregnant women during pregnancy, however
initiation of immunotherapy is not recommended
during pregnancy. If the patient is found to
be pregnant during the maintenance phase of
immunotherapy and tolerates AI'T well, then
immunotherapy can be continued;

(VIII) Several special conditions (130): It is not
recommended for seasonal AR (hay fever) patients
to start immunotherapy during the pollen spread
period. The AIT injection should be suspended
if the patient has an acute infection or fever, or
is taking other types of vaccines. In addition, on
the day of injection, the patient should avoid any
factors that may promote allergic reactions, such
as strenuous exercise, alcohol, etc.;
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(IX) Patients with oral ulcers or oral trauma should
not be prescribed SLIT.

Special considerations in immunotberapy

Special considerations in children

The HDM is the most prevalent allergen in patients with
asthma and/or rhinitis in China (20). A cross-sectional
study in China, involving 6,304 patients suffering from
asthma and/or rhinitis, indicated that 72.1% had at least
one positive skin reaction; with 59.0% prevalence for Der
fand 57.6% prevalence for Der p. Furthermore, children
had significantly higher positive prevalence rates to mites
than adults; with male children demonstrating significantly
higher prevalence than female children in all the regions of
the country investigated (20).

Age and safety are important factors to consider when
initiating AIT treatment. Although AIT has been proven to
have a protective effect against development of asthma in
children with AR, children younger than 3 years are seldom
involved in clinical practice and trials, due to their poor
compliance and difficulty in communicating the benefits and
possible risks of AIT. The recommended optimal duration
of AIT to achieve maximal efficacy with safety for AR in
children is presently unclear. However, one recent study in
China has demonstrated good tolerance and safety of SLI'T
in children as young as 3 years old with Der f~induced AR
with or without asthma (54). Similarly, another study has
reported good tolerance and safety of HDM-SCIT in over
5 years-old children with a history of HDM-induced AR or
asthma (47).

Several studies have reported SLIT and SCIT to be
efficacious and safe in the treatment of allergic diseases
(AR, allergic asthma) in Chinese children (46-48,131,132).
A real-world, multicenter, single-arm, open-label study
showed that SCIT with semi-depot HDM allergen extract
was safe and effective in the treatment of AR and asthma in
a Chinese population (47). Adverse events occurred with 1%
of all injections, and study related adverse events occurred
in 16.9% of all subjects; although no serious adverse events
or serious systemic allergic reactions were reported (47).
Another study suggested that SLIT with HDM extract
was also effective and safe for children with AR (48). One
retrospective study compared the efficacy and safety of SLIT
and SCIT in 186 children with AR sensitized to HDM (131).
After a 2-year treatment, both SLIT- and SCIT-treated
groups showed significant reduction in total rhinitis
symptoms score (TRSS), VAS, the rhinoconjunctivitis
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quality of life questionnaire (RQLQ), skin index (SI) and
eosinophil cationic protein (ECP) compared with baseline.
The incidence of adverse reactions reported with SLIT and
SCIT were 3.85% and 2.44%, respectively. In contrast, one
study reported that 17.0% of asthmatic children receiving
HDM-SCIT had systemic adverse events, of which 5.4%
were severe [local reactions (LRs) with wheezing and
peak expiratory flow (PEF) decrease] but could be easily
resolved (132). However, no life-threatening events were
reported in these children. Despite these grouped findings,
evaluation of the benefits/risks ratio and compliance
in individual patients is of critical importance, before
a decision is made to proceed with AIT. Moreover,
standardized drug treatment should be prescribed in
combination with AIT to ensure good disease control and
reduce the risk of adverse effects. Also, AI'T should never be
recommended as a monotherapy for asthma.

Another recent retrospective study evaluated the efficacy
of SLIT with standardized Der f drops in 162 children
(aged 4-12 years) with AR, who were mono-sensitized or
polysensitized according to SPT results (133). The efficacy
and safety were evaluated before treatment, 2 years after
SLIT initiation and 3 years after drug discontinuance.
The authors found that SLIT had a long-term efficacy
in both mono-sensitized and polysensitized patients with
AR and that a longer SLIT treatment (>2 years) may be
necessary to consolidate its efficacy (133). Similarly, Li and
colleagues (134) investigated the effect of SLIT for
1 year in 112 children with HDM-induced respiratory
allergic disease, allocated to a mono-sensitized- or a
polysensitized-group, and demonstrated that there was
no significant difference in the clinical effects between
polysensitized and mono-sensitized children.

Polysensitized asthmatic children are common in
clinical practice. However, not every sensitizing allergen is
relevant to the symptoms; and thus, selection of allergen
for AIT should be based on the corresponding results
tests of sensitization and effects on symptoms. SP'T" should
be performed before the first dose of AIT to evaluate
the response severity, and avoid administering allergen
extracts to individuals who might possibly experience
anaphylactic reactions. Administration of different allergen
extracts at different times of a day or different locations is
recommended if AI'T must involve multiple allergens (135).

AIT requires good compliance to maintain the long-
term administration of allergen extracts. Children’s
characteristics, adherence to treatment, and especially the
route of administration of allergen extract should be taken
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into consideration before initiating AI'T. Patients’” education
could also be another driving force to encourage children to
stick to the therapy.

The use of SCIT during pregnancy

Several studies from around the world have assessed the
safety of SCIT during pregnancy (136-139). An early study
by Metzger and colleagues (136) observed 90 atopic women
(mostly AR and asthma) who had undergone SCIT during
one or more pregnancies, for a total of 121 pregnancies, and
demonstrated that the incidence of prematurity, toxemia,
abortion, neonatal death, and congenital malformation
was no greater than that for the general population.
Furthermore, the offspring of the treated mothers
developed allergic disease as frequently as children born
into allergic families. These findings for no difference in
the incidence of abortion, perinatal mortality, prematurity,
toxaemia and congenital malformation in women receiving
SCIT during pregnancy and in the general population has
been confirmed in several subsequent studies (137,138).
Indeed, SCIT was found to be safe even when initiated
for the first time in a pregnant patient and continuation
of SCIT during pregnancy was not correlated with any
increased risk to the mother or fetus (137). Thus, it is
recommended that maintenance SCIT may be continued
during pregnancy (27,139). However, data concerning the
use and safety of continuation of SCIT during pregnancy
is presently lacking in China. Indeed, in China, before
initiation of SCIT, it is usually cleared whether the patient
has a plan for pregnancy in the near future. Also, because
of the particularity of Chinese medical regulations patients
with any plans for pregnancy are temporarily not treated
with SCIT. In future, the number of SCIT cases during
pregnancy should be gradually increased to acquire more
information and experience about Chinese.

In view of the availability of relatively few data on the
safety of initiating SCIT during pregnancy, initiation
of SCIT should not be encouraged during pregnancy,
especially in the high-risk scenarios such as women with
prior anaphylaxis to Hymenoptera venom (27). In China,
given the limitation of medical environment and patients’
recognition, it is recommended that SCIT should not be
initiated during pregnancy.

Allergen extracts
Allergen extracts and allergen standardization

Confirmation of sensitization to specific allergens in

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Bao et al. Chinese AIT Guideline for AR

allergic patients and subsequent successful and safe
outcome of specific AIT depend on the use of high quality
allergen extracts (140). An allergen extract is prepared
from natural source materials; e.g., mites, pollen, animal
dander, molds; and mainly contain active substances (i.e.,
proteins or glycoproteins, and non-allergenic molecules).
These active substances are allergens which elicit an IgE-
mediated response in the human immune system (141). The
concentration and composition of individual allergens in
the extracts may vary significantly, and standardization of
the extract is thus a prerequisite in controlling variability
and achieving consistency and reproducibility in diagnosis
and specific inmunotherapy of allergic diseases (142).

Similar to European countries (140), certified references
for allergen standardization are not available in China.
In-House Reference (IHR) is used for standardization by
individual manufactures (143) and labeled in manufacturer-
specific units. Each batch of the allergen product is
compared to a respective IHR. The IHR must be well
characterized by a series of in vitro methods. The total
biological potency is generally determined by an in vive
method. Subsequent batches of allergen extract are
compared with the IHR and thus the iz vivo method is not
necessary in batch-to-batch standardization. Currently only
HDM allergen extracts (from either Der p or Der f, and
mixtures of the two species) are available and authorized
in China for use in vivo allergy diagnosis and specific
immunotherapy (31); likely because Der p and Der f are
the two most common sensitizing allergens in Chinese
allergic patients (20) and they are found in most beddings
throughout the country (144). HDM allergen extracts
are produced as aqueous, glycerinated and aluminum-
precipitated formulations for the Chinese AIM market.
Standardized products are labeled in biological units (1,145),
which currently appear on labels of marketed products
as SQ-U/mL, TU, and HEP. Non-standardized allergen
extracts are labeled as wt/vol (weight in grams per volume
in millilitres). Extracts with a particular wt/vol may have
wide variability of biological potency (146,147).

China is a vast country, with a large population and
botanically and ecologically diverse regions. Consequently,
apart from HDM allergens, patients in different parts of the
country are also sensitized to other commonly occurring
allergens such as animal dander (20,148,149), weed pollen
(150-153), tree pollen (154-156), grass pollen (157), etc.
Thus, in view of current availability of only commercial
HDM products for AIT in China, there is urgent need

for standardised commercial preparations of other specific
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allergen extracts for AI'T. Although a few inhaled and food
allergens are marketed for in vitro IgE testing, most allergen
extracts are not yet standardized.

Presently, the China Food and Drug Administration
(CFDA; http://www.sda.gov.cn/WS01/CL0237/15710.
html) provides guidance and regulates the requirements
for manufacture, quality control and characterisation of
allergen products in China. This includes the requirements
for sourcing and initial control of raw material of specific
allergens, including pollen, fungi, mites, animal-borne
and food; techniques employed for harvesting, pre-
treatment, storage, and extraction of allergen; the stages
of the production process such as crushing, extraction,
filtration, purification, dialysis, concentration, separation,
sterilization and lyophilisation; quality control of allergen
vaccine, including assessment of total protein content,
protein composition, major allergen contents, total
allergenic potency, stability, etc.; and standardisation of the
extract according to well-defined, fully identified and stable
internal reference (IHR) substance and/or International
Standards (IS). Assessment of protein composition ensures
the presence in the final product of all allergens present
in the source material (142,158). It can be measured with
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), crossed immune-electrophoresis (CIE),
or isoelectric focusing (IEF). CIE offers an advantage
as a semi-quantitative technique and ensures all major
allergens constantly precipitate on agarose gels (159,160).
Mass spectrometry is a more powerful tool for analysis of
allergic proteins, including detection of isoforms (140),
but the method has not yet been applied in China.
Quantification of major allergens ensures that the essential
allergens are present in a constant ratio (158). The major
allergens can be identified using crossed radio-immuno-
electrophoresis (CRIE) and the constituents of the major
allergens may be determined by quantitative immuno-
electrophoresis (QIE) and enzyme-linked immunosorbent
assay (ELISA). Quantification of allergenic potency ensures
that the overall biological activity of the allergen extract is
constant (142,158). Allergenic potency can be measured by
either skin tests (SP'Ts and intradermal tests) or by i vitro
techniques, i.e., radio allergosorbent test (RAST) or RAST
inhibition assays. The variation in allergenic potency must
be within a 50-200% interval of the stated value according
to CFDA requirements.

For modified allergen products, e.g., denatured or
chemically modified allergoids, quality control can be
performed at the intermediate stages. For an allergen
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which has IS, a comparison of IHRs and IS should be
performed qualitatively and quantitatively. The potency
of IHR can be calibrated using the IS value if the potency
curves are parallel. However, the CFDA guidance does
not provide requirements for standardization of systems
used by different manufactures as different methods and
processes are applied by different manufacturers. Thus,
quality control may assure consistency of batches from
one manufacture but does not provide comparability of
products from different manufactures (161). Although
allergenic products have been standardized by different
methods and the quality of extracts on the market varies
significantly, only products with specified allergenic potency
and concentrations of individual allergens can be used for
allergy diagnosis and specific immunotherapy (145).

In contrast to allergen extracts from natural sources,
recombinant allergens are generated using recombinant
DNA technology and their quality depends on cell
lines used, fermentation processes and purification
procedures. Recombinant allergen consists of predefined
allergenic polypeptides. The quantity and structure of
the polypeptides should be determined. Although some
recombinant allergens have comparable allergenic activities
to natural proteins (162), the regulatory authorities will
likely not recognize previous documentations based on
natural allergens. Market authorization must rely on the
documentations of safety and efficacy obtained during
the development of the recombinant products (142). The
recombinant allergens from Der f have been investigated
extensively in China (163-171); However, there is no
information on recombinant allergens in CFDA guidance
and no recombinant product has been authorized yet.

In summary, standardization of allergen products to
be used for AIT is necessary to ensure consistency and
reproducibility of the efficacy and safety of the product in
the management of allergic disease. However, presently
there is no uniform standardization system in China and
the quality of allergenic products on the market varies
significantly. Consequently, we recommend using products
with specified total potency and concentrations of individual
allergens for AI'T.

Skin tests and slgE antibody tests
Skin tests

Skin tests include SPTs and intradermal tests. SPTs are
widely used to detect immediate IgE-mediated allergic
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Table 1 Differences between SPTs and serum specific IgE tests

Bao et al. Chinese AIT Guideline for AR

Variables SPTs Serum specific IgE tests

Theory Interaction between antigen and antibody Immunoassay of allergen-specific IgE
Sensitivity Higher High

Specificity High Higher

Drug effects H,-antihistamines drugs have suppressive effect No effect

Skin Healthy skin required
Results interpretation More subjective
Risks Have certain risks

Cost Low

No requirement
More objective
No risks

High

SPTs, skin prick tests; IgE, immunoglobulin E.

reactions, and demonstrate high sensitivity and specificity
during the diagnosis of inhalant allergens (1,172,173).
Unfortunately, the clinical value of intradermal tests for
the diagnosis of inhalant allergens is unclear and thus they
are not much used in the diagnosis of inhalant antigen.
Intradermal tests are also less safe to perform.

Standardized allergen extracts, negative (saline) and
positive (10 mg/mL histamine dihydrochloride solution,
or 1.70 mg/mL histamine phosphate solution) controls are
required for SPTs. Wheal or erythema is measured around
15 to 20 minutes after the administration of the extracts.
Wheal diameters >3 mm are considered positive in SPTs.
SI is often used to assess the results of SPIs. SI is the ratio
of average diameter of allergen to positive control, and
determined according to 4 grades: +, 0.3< SI <0.5; ++, 0.5<
ST <1.0; +++, 1.0 < SI <2.0; ++++, ST >2.0.

The diagnosis of allergic diseases is dependent on the
quality of allergen extracts used in the tests. Currently,
several kinds of allergen extracts are available from Wolwo,
ALK and NHD in China. The panel of allergens used in the
tests depends on the allergens to which the patient has been
exposed. Although dust mite is the most prevalent allergen
in China, the distribution of other allergens has obvious
regional characteristics (174). Care should be taken when
SPTs are performed: (I) standardized allergen extracts should
be used; (II) positive and negative controls are required;
(IIT) tests should be performed on healthy skin, and areas
with widespread urticarial or eczema should not be used
for allergen testing; (IV) the patient should be evaluated for
dermographism at the same time; (V) it is always necessary
to ask patients about the medication they have taken, because
drugs such as Oral H,-antihistamines can suppress SP'Is, and
the suppression can last for 2-7 days; (VI) the diameter of the
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largest wheal should be measured.

A patient’s medical history and clinical symptoms should
be considered when interpreting the SPIs results. False-
positive skin tests can result from dermographism or can be
caused by a nonspecific enhancement from a nearby strong
positive reaction. False-negative skin tests may also be
caused by the use of extracts of poor initial potency, drugs
modulating the allergic reaction, or improper technique.
Hence, SPTs should be carried out by trained health
professionals.

sIgE antibody tests

Serum sIgE antibody tests can be used in patients of
any age, especially elderly people who are more likely to
produce negative skin tests (175). Consequently, serum sIgE
tests are of great importance in the diagnosis of allergic
diseases. Normally, low levels of serum sIgE are less likely
to produce symptoms than higher levels, but this is not
the case with allergic symptoms (176), particularly in very
young children. Serum sIgE antibody tests are particularly
helpful when the SPTs are negative and there is a high
clinical suspicion for AR (177,178). The differences between
SPTs and serum sIgE tests are listed in 7able 1.

The levels of serum sIgE antibody are graded as follows:
grade 0, <0.35 kU/L; grade 1, 0.35-0.69 kU/L; grade 2, 0.7—
3.4 kU/L; grade 3, 3.5-17.4 kU/L; grade 4, 17.5-49.9 kU/L;
grade 5, 50-100 kU/L; grade 6, >100 kU/L.

Establishment and administration of

immunotherapy centers

Due to the unique characteristics and safety concerns
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inherent in specific immunotherapy, treatment centers that
provide immunotherapy need to establish standardized
administrative systems. The aim of this chapter is to describe
suitable administrative norms for AI'T centers in China.

Locations

The centers providing AI'T should have units comprising

4621

designated areas for consultation/examination, a laboratory
for skin prick testing, respiratory physiology and
immunologic assessment, allergen vaccine injection and
treatment, patient observation, an emergency treatment
and a medical documentation storage. These rooms/
laboratories should be allocated according to the specific
conditions prevailing at each institute. The physician
consulting room should be equipped with the necessary
examination instruments, and should be as clean, well-lit,
and spacious as possible. The SPT laboratory should be
equipped with a 2—4 °C refrigerator to store the necessary
allergen skin test reagents, and also have sufficient
illumination and space. The injection and treatment room
must also be equipped with a 2-4 °C refrigerator to store
allergen vaccines; all refrigerators must be equipped with
thermometers to record refrigerator temperatures on a
daily basis. The observation room should be across from
the injection and treatment room, with a sufficiently
wide passageway or a sufficiently large glass pane to allow
observation of patient responses. The emergency room
should be next to the observation room and equipped with
all drugs and medical equipment/instruments necessary for
rescue in an emergency (Figures 2 and 3).

Figure 3 Essential emergency equipment in immunotherapy centre. (A) The emergency room bed; (B) the mucus suction pump; (C) the

oxygen tank; (D) bag valve mask, blood pressure meter and stethoscope; (E) the endotracheal tube.
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Allocation of institutional personnel

Institutions administering AI'T should have a managing
director and specialized physicians who have undergone
professional training in the field of AI'T. Furthermore, there
should be at least three specialist trained nurses, respiratory
function and immunological laboratory technicians, and
administrators filing and storing all patient data.

Administration of immunotherapy center

Qualifications and duties

A physician specializing in allergies (or is qualified in allied
medical fields) should be in charge of the immunotherapy
institution. This person should specifically have a senior
professional title in related specialties such as allergies;
respiratory medicine; otorhinolaryngology head and neck
surgery; pediatrics; and dermatology. The person in charge
shall be fully accountable for the implementation of SCIT
and safety measures. The physician undertaking specific
immunotherapy in children should be a specialist with
appropriate knowledge in paediatrics, particularly pediatric
allergic conditions. The person in charge of the center
should ensure that staff members have been trained and
can perform their tasks professionally and appropriately.
All staff members administering SCIT should have well-
defined duties, which are formulated with full consideration
of local principles and actual conditions.

Training of immunotherapy personnel

Medical and nursing personnel must undergo regular
training and attend continuing educational courses.
Training content should include the following: (I)
evaluation of patient conditions from the perspective of
receiving SCIT (including clinical conditions and testing
of peak respiratory flow) to determine when injection
of allergen may begin or continue at the current dose.
Parents/guardians of patients under 15 years of age must
be involved in the patient evaluation process; (II) recording
of data and information in each patient’s immunotherapy
records; (III) injection techniques; (IV) dose adjustments; (V)
strict observation of patient conditions (including adult and
pediatric patients); (VI) discovery of adverse reactions as
early as possible; (VII) treatment and monitoring of patients
who present with adverse reactions; (VIII) implementation
of regular re-examinations or therapeutic evaluations; (IX)
factors that influence the decision to continue or terminate
AIT treatment.
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Each year, the center should organize anaphylactic shock
rescue training for its subordinate medical and nursing
personnel, including the emergency procedures and correct
usage of emergency rescue equipment. Records of training
should be maintained.

Prior to performing their work, medical and nursing
personnel must undergo strict training in cardiopulmonary
resuscitation techniques. They should be familiar with
operational techniques; including cardiopulmonary
resuscitation, endotracheal intubation, use of manual
resuscitation airbags, sputum suction, oxygen inhalation,
and aerosol inhalation. Medical and nursing personnel
should be proficient in their grasp of the rescue
procedures for anaphylactic shock. Technical training
for cardiopulmonary resuscitation should be conducted
annually; and the hospital should be responsible for
carrying out spot examinations, recording the results, and
conducting unified management.

Procurement and storage of allergen vaccines

Allergen vaccines should be uniformly procured by the
hospital, using cold chain transportation methods. Standard
procedures should be utilized jointly with the pharmacy
to ensure refrigeration conditions, and freezing would
not be permitted. The vaccines should be stored in 2-8 °C
refrigerators away from direct sunlight, and may be stored
for 6 months after opening.

Equipment and environment within the centre

Because treatment may induce allergic reactions, the
institution must be stocked with suitable drugs and
equipment for responding to emergency events such as
anaphylactic shock.

Emergency drugs

Adrenaline hydrochloride, norepinephrine, isoproterenol,
dexamethasone, aminophylline, diphenhydramine, aramine,
phenergan, 0.2% lidocaine, 50% GS, 10% calcium
gluconate, vantorin aerosol, coramine, sodium chloride
injection, 5% GS, 10% GS, and 5% GNS should be
stocked for all emergency events (Table 2 and Figure 2).

Emergency equipment

Bag valve mask, mucus suction pump, oxygen supply,
endotracheal tube, anesthetic laryngoscope, scissors,
speculum, blood pressure meter, stethoscope, syringe and
needle, iodine disinfectant, cotton swabs, tape, opener, and
tourniquet should be readily available (Figure 3).
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Table 2 List of drugs, dosage and indications for emergency events
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Drugs Dosage  Quantity  Effect

Adrenaline hydrochloride injection 1 mg 10 Used in asthma, acute allergic reaction and shock
Tartaric acid injection of norepinephrine 2 mg 6 Used in asthma, acute allergic reaction and shock
Isopropyl adrenaline injection 1 mg 4 Used in asthma, acute allergic reaction and shock
Dexamethasone sodium phosphate Injection 5 mg 10 Treat allergies or inflammation

Aminophylline Injection 0.25¢g 10 A bronchodilator used in asthma, emphysema, and bronchitis
Diphenhydramine hydrochloride Injection 20 mg 5 Antihistamine used to treat allergic reactions
Metaraminol bitartrate injection 10 mg 4 Vasoconstrictive action, maintain blood pressure
Promethazine hydrochloride injection 50 mg 5 Antihistamine, an antiemetic

Dopamine hydrochloride injection 20 mg 10 Used to treat shock and hypotension
Nikethamide injection 0.375 9 5 Respiratory stimulant

10% calcium gluconate injection 19 5 Antihistamine

Lidocaine injection 10 mL 3 Local anesthetic

50% GS 10g 4 -

Salbutamol sulphate aerosol 100 ug 1 Diastole bronchus

5% sodium bicarbonate injection 250 mL 1 Alkalinization of blood

20% mannitol injection 250 mL 1 Dehydrant, prevent encephaledema

0.9% NS 500mL 1 -

5% GS 250mL 1 -

5% GNS 250 mL 1 -

10% GS 250mL 1 -

GS, glucose saline; NS, normal saline; GNS, glucose solution.

Management system for emergency drugs

(I)  Emergency drugs must be placed in designated areas
or locations such as the crash cart or specialized crash
cabinet;

(II) Emergency drugs must be stored with clear labels
covering types and characteristics (such as injection,
ingestion, topical application, or toxic drugs);

(IIT) The types and quantities of emergency drugs must
satisfy clinical emergency treatment needs;

(IV) Emergency drugs must be kept under lock and key by
specialized personnel and may not be removed or used
without authorization. The emergency drug register
should include information on the names, specifications,
quantities, and expiration dates of emergency drugs
for reference at any time. There should be a list of
emergency drugs in the emergency cabinet;

(V) A system for inspection of emergency drug base
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number of quality should be established. The
emergency drug register should be placed outside crash
carts. The emergency drugs and their specifications,
types, quantities, and expiration dates should be
checked daily for consistency with the register, and
each item recorded and signed for. The daily records in
the crash carts should be exhibited clearly;

(VI) After each usage, the emergency drugs must be
restocked in a timely manner. On the following day,
the team leader in charge for the shift should confirm
the inventory to ensure that the emergency drugs are
readily available for use at any time for emergencies;

(VII) Medical and nursing personnel must be familiar with
the configurations of the center’s emergency drugs and
instruments, shall follow placement rules, and check
their quantities and use on a daily basis to ensure that all
the emergency equipment is in a fit state ready for use.

J Thorac Dis 2017;9(11):4607-4650



4624

Standards for environmental controls
Pursuant to the hospital’s hygienic standards, each month,
the hospital shall test, sample, and record the hand hygiene
of medical and nursing personnel; each quarter, the hospital
shall test the irradiation intensity of ultraviolet lamps in the
consulting and treatment rooms, for timely replacement if
<70 pW/em’; records shall be properly maintained.

Total number of surface bacterial colonies detected shall
be <10 cfu/cm’ in the treatment and injection rooms, and
antiseptic hand rub shall be provided.

Management of patient documentation and materials

The institution shall establish a set of documentation
records for each patient to include general information
on the patient’s physical history, family history, personal
history, and history of allergies; the signed informed
consent form; information on drugs administered before,
during, and after treatment; results of allergen tests,
pulmonary ventilation function and airway responsiveness
tests, and other laboratory tests; symptoms scores before
and following drug administration; immunotherapy vaccine
doses and timetables; and records of adverse reactions.
Patient documentation should be done according to a
unified numbering system and records should be stored
in a data room in a uniform manner under specialist
management. Qualified institutions may utilize digitized
documentation management systems.

Appointment system for patients

The institution should possess a list of all patients
undergoing immunotherapy, marking the patients’ names,
telephone numbers, and planned visits at the institution.
Specialists should be responsible for making appointments
with patients for immunotherapy and for rebooking any
missed appointments.

Information for patients and their rights

Patients should receive instruction before and during
treatment regarding the treatment period so that they
fully understand the purpose and process of specific
immunotherapy, as well as potential adverse reactions, while
at the same time stressing the importance of symptomatic
drug treatment (particularly in the early stages). In
particular, patients should understand that they need to
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report their physical responses in a timely manner during
the observation period after vaccine injection in order to
enhance safety and minimize the risks of immunotherapy.

Prior to the commencement of specific immunotherapy,
the patient or the patient’s guardian must sign the informed
consent form. The informed consent form shall include
details on the principles of specific immunotherapy, the
immunotherapy treatment process, and possible adverse
reactions and emergency treatment measures to be
applied. The consent form shall also include details of the
patient’s disclosure of history of allergies, authorization for
emergency treatment by physicians in the event of adverse
reactions, and guarantee to bear any expenses arising from
emergency treatment.

Immunotherapy schedules and doses

SCIT generally consists of two phases: a build-up phase
(also known as up-dosing or induction) and a maintenance
phase (27). The conventional schedule of SCIT consists of
a dose build up by means of one-weekly injections for about
15 weeks, followed by maintenance dose injections at 4- or
8-week intervals for 3 years (26). The build-up phase can be
shortened by cluster or rush schedules. During the cluster
schedule, multiple injections (usually 2-3) are administered
in one visit per week and reach maintenance dose within a
few weeks. During the rush protocol, multiple injections are
administered on consecutive days, and reach maintenance
dose typically within one week. It has been shown
that following a cluster schedule, there is a more rapid
achievement of symptomatic improvement, with no increase
in systemic reactions (SRs) (26,179). In contrast, a rush
protocol is associated with an increase in SRs sometimes,
however, these can generally be well tolerated (180,181).
The majority of patients with AR or allergic asthma are
polysensitized. Some studies have shown that AI'T is equally
effective in mono-sensitized and polysensitized patients, when
clinically relevant allergens are selected for AI'T (133-135).
The majority of the published randomized controlled
studies of both SCIT and SLIT have been conducted
with single allergen extracts, and also there is conflicting
evidence for the effectiveness of allergen mixes (124).
Whilst simultaneous delivery of multiple unrelated allergens
may be clinically effective, there is a need for additional
investigation of therapy with more than 2 allergen extracts
(particularly in SLIT). Furthermore, SCIT or SLIT with
multiple allergens in polysensitized patient needs more
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supporting data from large scale clinical trials to validate
this as a treatment option (182).

Conventional immunotherapy

The main forms of immunotherapy currently employed
in China are SCIT and SLIT. Although subcutaneous
injection has been the predominant method of allergen
administration, sublingual application of the extracts has
increased over the last two decades and is now the dominant
approach in several European countries (183). Additional
approaches to ASIT under active investigation include
epicutaneous and intra-lymphatic administration (184,185).

Starting dose

Initial dose of immunotherapy is dependent on the
method used for allergy testing. In order of precision,
intradermal dilutional testing (IDT), in vitro serologic
testing, IDT with extrapolation, modified quantitative
testing (MQT) or blended techniques, and skin prick
testing can all be used to estimate the starting dose of
immunotherapy. In IDT based immunotherapy, the same
extract that is used for testing is also used for treatment.
IDT-based immunotherapy also determines a patient’s
level of sensitivity to each antigen (186). Immunotherapy
begins at a time when symptoms are as mild as possible
and treatment is always initiated with the lowest dose
of the weakest strength. With highly sensitive patients,
specific immunotherapy is carried out in accordance with
the “highly sensitive” dosage guidelines and also started
with strength 1:10 of the initial dose.

Frequency of build-up injections

The conventional schedule for SCIT with unmodified
allergen extracts consists of a dose build up by means of one-
weekly injections, followed by maintenance dose injections
at 4- or 8-week intervals. Fewer build-up injections are
possible with modified allergenic extracts, such as allergoids
or addition of adjuvants (124). The injections of gradually
increasing doses should be administered at 7-day intervals.
While the interval between any two injections must never
be less than 7 days, an increase in the injection interval to
up to 14 days is acceptable. Dose increases must be made
cautiously, especially in highly sensitized individuals, using
intermediate dose levels if necessary, until the patient’s
individual tolerance limit is reached. A patient’s tolerance
limit is the individual maximum dose and must never be
exceeded to avoid the risk of allergic side reactions.
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Reductions in dose during periods of exacerbation of
symptoms

If the current injection is well tolerated, then the dose is
increased step by step to the individual maximum dose (the
maintenance treatment dose). However, if the previous
injection has not been well tolerated, then the subsequent
dose is either reduced to the last well-tolerated dose (for
intense LRs) or reduced by 2-3 steps (for mild SRs). For
severe SRs, immunotherapy is either restarted from starting
dose or discontinued (47).

Dose adjustments for late injections

If initial AIT in the build-up phase is interrupted for more
than 2 to 4 weeks after the last injection, therapy should be
continued at half the last dose as a safety precaution. If therapy
has been interrupted for more than 4 weeks, then it must be
re-initiated at the lowest dose of the weakest strength.

When starting a new pack of doses for maintenance
treatment, the first dose taken from the pack must not
exceed 20 % (mites: 50%) of the last dose the patient has
received. The dose can then be increased again to the
individual maximum dose (at intervals of 7 to 14 days), with
interim stages according to the degree of sensitivity and
prior tolerance of the treatment.

During maintenance treatment, if the scheduled
injection is delayed for up to 2 weeks, then therapy must be
continued at no more than half the last administered dose
as a precaution. If the scheduled injection time is exceeded
by more than 2 weeks, then treatment must be resumed at
no more than 5% of the last administered dose. With an
interruption of more than 1 year, the treatment must be
restarted from the beginning.

Maintenance schedules
With non-seasonal allergens (e.g., mites), the individual
maximum dose achieved is administered as booster injection
during the whole year (after a gradual extension of the
injection intervals) at approximately 4- to 6-week intervals.
The customary duration of ASIT is 3 to 5 years,
although duration of 3 years for both SCIT and SLIT is
recommended in the treatment of AR. However, evidence
from a long-term open controlled study suggests that a
3-year course of SLIT might not be sufficient for long-
term protection (187). On the other hand, prospective
studies of SCIT with grass pollen extract for AR and
HDM extract for asthmatic patients suggest that 3 years
of ASIT produces prolonged remission of symptoms after
discontinuation (188,189).
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Table 3 Dosing schedules of dermatophagoides farinae preparation

Bao et al. Chinese AIT Guideline for AR

The first week, The second week,

The third week,

The fourth week The fifth week,

Day No. 1 (1 pg/mL) No. 2 (10 pg/mL) No. 3 (100 pg/mL) No. 4 (333 pg/mL) No. 5 (1,000 pg/mL)

1 1 drop 1 drops 1 drop 3 drops each day for adose 2 drops each day for a
maintenance (age <14 years); dose maintenance (age

2 2 drops 2 drops 2 drops 3 drops each day for 1 week =14 years)

3 3 drops 3 drops 3 drops (age =14 years)

4 4 drops 4 drops 4 drops

5 6 drops 6 drops 6 drops

6 8 drops 8 drops 8 drops

7 10 drops 10 drops 10 drops

SLIT in China nature and likelihood of unwanted events and simple,

Dermatophagoides farinae preparation is the main allergen
extract product, which has been approved and used for
10 years in China for SLIT. SLIT involves regular self-
administration at a certain time of the day; with retention of
allergen extract under the tongue for 1-3 min before being
swallowed. Patients are allowed to eat and drink as normal
at 10 min after each treatment.

Dermatophagoides farinae preparation consists of
five drop solutions with different concentrations of Der f
(1=1 pg/mL, 2=10 pg/mL, 3=100 pg/mL, 4=333 pg/mL,
and 5=1,000 pg/mL) to be administered over the first five
weeks of SLIT, as shown in Table 3. In patients under the
age of 14 years, the daily dosing schedule for the first to
third week is applied as escalating doses, and for the fourth
and fifth weeks as maintenance doses. In patients aged
14 years or older, the daily dosing schedule for the first to
the fourth week is applied as escalating doses, and for the
fifth week as maintenance doses.

The safety profile of SLIT appears to be superior to that
of subcutaneous therapy in terms of the incidence of severe
SRs; however, the caveat is that such incidents typically
occur away from expert care. Reported serious adverse
effects such as anaphylaxis during sublingual treatment
have been infrequent, with several reported events to date
(190-193). In clinical trials as well as post-marketing
surveys over the last 2 decades, adverse reactions have been
reported in 10-15% of patients receiving SLIT and have
been classified as mainly local non-life-threatening, self-
remitting episodes. Most patients develop discomfort in the
early phase of treatment, including oropharyngeal pruritus
and angioedema.

As SLIT is self-administered, it is important to give
patients and their guardians clear information about the
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written instructions on the steps to take if they arise, as well
as advice on the storage of sublingual vaccines securely out
of the reach of children. All patients should have access to
telephone advice and the opportunity to be seen at short
notice.

In conclusion, more than 2 years of SLIT can acquire
stable therapeutic effects. In China most doctors consider
that at least 3 years of SLIT is required. It has also been
shown that, when SLIT is continued perennially, clinical
and immunological changes occur in successive years of
treatment, although whether this requires daily as opposed
to less frequent treatment is unknown.

Cluster specific immunotherapy

For conventional AIT, the duration of build-up phase
depends on the frequency of the injections (normally 1
to 2 times per week, with a single injection given at each
visit) and generally ranges from 3 to 6 months (194).
The lengthy build-up period is one of the drawbacks
of conventional AIT, which leads to low treatment
compliance, especially in China, due to the uneven health
service and transportation.

Cluster AIT is a variation of conventional AIT, in
which the period from the build-up phase up to the
therapeutic maintenance phase is much shorter than in
conventional AIT (195). The protocols of cluster AIT
have been investigated in several clinical trials using
chemically modified allergen extracts (179,196-199).
Compared to the normal build-up phase of around
4 months in conventional AI'T, the build-up dosing phase in
cluster AIT lasts between 6 to 8 weeks, and is followed by
a dose-maintenance phase (Table 4). Cluster AIT involves
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Table 4 Comparison between cluster and conventional immunotherapy schedules

Cluster schedule

Conventional schedule

Week Injection No.  Vial No. Dose SQ units Total dose SQ units Injection No. Vial No.  Dose SQ units  Total dose SQ units

0 1[1] 1 10 1,110 1] 1 20 20
2[1] - 100 - - - - -
3[1] 2 1,000 - - _ _ _

1 412] 3 2,000 7,110 21[2] 1 40 60
51[2] 4,000 - - - - -

2 6 [3] 3 5,000 22,110 31[3] 1 80 140
7[3] 10,000 - - - - -

3 8 [4] 4 10,000 52,110 414] 2 200 340
9 [4] 20,000 - - - _ _

4 10 [5] 4 20,000 112,110 5[5] 2 400 740
11 [9] 40,000 - _ _ _ _

5 12 [6] 4 40,000 212,110 6 [6] 2 800 1,540
13[6] 60,000 - - _ _ _

6 14 (7] 4 100,000 312,110 71[7] 3 2,000 3,540

7 - - - - 8 [8] 3 4,000 7,540

8 15 [8] 4 100,000 412,110 91[9] 3 8,000 15,540

9 - - - - 10 [10] 4 10,000 25,540

10 - - - - 11 [11] 4 20,000 45,540

11 - - - - 12 [12] 4 40,000 85,540

12 16 [9] 4 100,000 512,110 13[13] 4 60,000 145,540

13 - - - - 14 [14] 4 80,000 225,540

14 - - - - 15 [15] 4 100,000 325,540

Figures in square brackets are visit No. SQ, standard quality.

administration of a commercial standardized depot extract
preparation; which has usually been prepared by adsorption
on aluminum hydroxide and then standardized in standard
quality (SQ) units. The highest-concentration vial has an
allergenic activity of 100,000 SQ/mL, which is diluted
accordingly for initial doses. Two injections (3 injections
for the first visit) with specific concentrations of allergen
are given at each visit, with a half-hour interval between
injections. The patients are observed for another 30 min
after the last injection of each cluster. The maximum dose
of 100,000 SQ is administered at the 6th or 8th week, and
the dosing interval is then gradually increased to 6 weeks
and maintained until the end of the first year (26). The total
treatment schedule is around 3 years.
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All patients need to come to the clinic for treatment
throughout the schedule and are pre-treated with an
antihistamine (10 mg loratadine), at least 1 h before each
visit. To ensure safety, PEF is recorded before and 1 h
after the injections for each asthma patient (26). Patients
are excluded from the schedule if treatment has been
interrupted for longer than 5 weeks during the initial phase
or longer than 16 weeks in the maintenance phase, or if
severe adverse SRs occur.

Even though cluster AIT is an attractive alternative to
conventional AIT, this scheme has the drawback of the risk
of potentially life-threatening local or SRs (196,200,201).
Several studies have investigated the safety of cluster AI'T
with HDM or grass pollen. One meta-analysis showed that
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Table 5 Rush immunotherapy schedule
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Build-up phase No. of injection sequence

No. of injection bottle

Target volume (mL)  Target dose (SQ, U)  Time of injections

Day 1 1 1
2 2
3 3
Day 2 4 3
5 3
6 3
Day 3 7 3
8 4
9 4
Day 4 10 4
11 4
Day 5 12 4
13 4
Day 6 14 4

0.1 10 8:30
0.1 100 10:30
0.1 1,000 14:30
0.2 2,000 8:30
0.4 4,000 10:30
0.6 6,000 14:30
0.8 8,000 8:30
0.1 10,000 10:30
0.2 20,000 14:30
0.3. 30,000 8:30
0.4 40,000 14:30
0.5 50,000 8:30
0.5 50,000 14:30
1.0 100,000 8:30

SQ, standard quality.

no differences existed in the incidence of either local adverse
reaction or systemic adverse reaction between the cluster
group and control group (194). Although several studies
suggest that cluster AI'T is a safe routine clinical practice
(195,196,202,203), Other studies have indicated that the
adverse reactions range from 1% in patients receiving a
conventional schedule, to 0-79% in patients receiving
cluster SIT (26,203). Thus, from this point of view, the
safety of cluster AI'T needs to be further investigated and
confirmed in other larger trials.

RIT

The efficacy of AI'T is proven and evident. As mentioned
above, the drawbacks of this treatment are its inconvenience
of administration and lengthy duration, which pose barriers
to treatment compliance of patients living far away from
hospitals or clinics. Due to time and travelling issues, many
patients cannot benefit from this treatment.

In this regard, RIT requires less time for the build-
up phase. Compared with conventional immunotherapy
and cluster immunotherapy, the build-up phase of RIT
is reduced from 15 and 7 weeks, respectively, to less than
1 week. However, there is no standard RIT protocol
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around the world. Generally, 1 injection every 1-3 hours
or even 1 injection every 15-60 minutes over a period of
maintenance phase from about 4 hours to 7 days has been
employed (29,203-205). RIT is currently used mostly for
bee venom and grass pollen immunotherapy. Apart from
SLIT, dust mites subcutaneous RIT has been reported less
frequently (29,206-208). Also, there is some evidence that
the shortened treatment time of RIT] results in improved
patient compliance to high allergen doses on resuming a
conventional AIT schedule (209).

As a developing country, China has very diverse living
standards among the population due to differences in
infrastructures, transportation and health services. To save
time and resources and minimize costs, RI'T may be more
suitable for China, considering its economic condition.
As AR in most patients is caused by HDM (20), there is
only RIT for standard mite antigen in China. In RIT,
1-3 injections are administered at 2 hourly intervals every
day for 7 days, by which time the maintenance phase has
been reached (7iable 5). The schedule at maintenance phase
is then the same as for the conventional treatment schedule.
To ensure safety, patients in RI'T build-up phase need to
be hospitalized for six days of treatment, and are given
oral antihistamines and glucocorticoids. The medication
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for adults includes loratadine 10 mg/day and prednisolone
8 mg/day, with half this dose for children. In order to
detect patients with asthma, lung function tests should be
performed. Before injection, PEF is recorded, recording
the highest value among three readings. If the average
PEF predictive value is 80% or less, the patient can be
started on RIT and injected under close observation. If
the average PEF predictive value is 70% or less, the RI'T
injection should be delayed until PEF returns to normal
after treatment with medication. One recent study by
Xie and colleagues (210) has demonstrated that in AR
patients pretreated with medication (corticosteroids and
antihistamines), the safety and efficacy of RIT is similar to
conventional immunotherapy using standard HDM allergen
vaccine.

However, this kind of treatment should only be carried
out by hospitals or clinics with considerable experience in
immunotherapy, to avoid and deal with SRs.

Patient administration and follow-up care
AR patient

Patients administration

AR is a chronic disease, but patients should be encouraged
that onset and development of the disease could be
controlled through avoidance of allergen exposure and
acceptance of appropriate treatment (211).

Patients are encouraged to establish partnership
with medical staff to formulate a long-term control
and management plan, which should be adhered to. An
individualized treatment scheme is developed depending on
the work and life situation of the patient, and a thorough
understanding of the features of common allergens.
Medical staff should help patients to understand the nature
of AR, be familiar with the occurrence of an anaphylactic
shock and corresponding treatment, and correctly grasp
the medication techniques to reduce different kinds of the
adverse reactions. Cooperation between medical staff and
patients will reduce medical visits and improve compliance
during AIT treatment (211).

AIT in patients with AR should start as early as
possible. The effectiveness of AI'T should be informed
comprehensively and appropriate; including symptom
improvement, reduction of medication dosages, prevention
of the progression from AR to asthma and the development
from monosensitization to polysensitization, induction of
tolerance to allergens, and achieving the goal of long-term
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remission (47,212).

The limitations of specific immunotherapy should also
be clarified to the patient. Patients should be aware that
allergen avoidance and symptomatic treatment cannot
be ignored during immunotherapy, and also be informed
about the possible adverse reactions, duration of treatment
and approximate costs, before signed informed consent is
obtained. When treatment is to be given to a very young
child, the long-term treatment plan should be formulated
and the signed informed consent should be obtained from
the child’s legal guardian (46,213).

Follow-up care

Patients receiving AI'T should be followed-up strictly and
reviewed to assess both the disease control and the local and
SRs after injection. The assessments include symptom and
medication scores, correctness of medication method, delayed
adverse reaction/s, annual review of allergen SPT and
changes in levels of sIgE and IgG4. Nasal fractional exhaled
nitric oxide (FeNO), and cell counts in nasal secretion smear,
especially the number and proportion of eosinophils, can be
monitored in medical institutions (46,214).

AR with asthma

AR and asthma commonly coexist due to their similarities
in anatomy, physiology and immunopathology (1). The
incidence of AR among asthmatic children is nearly 50%
in China and 60-80% worldwide (215-217). AR impacts
asthma morbidity and is associated with poorer asthma
control as well as impairment of daily life activity. Thus,
treatment of AR may be beneficial in improving asthma
control (218,219), which may also support the hypothesis of
“one airway, one disease” (220).

Objective measurements, such as PEF (221) and FeNO
(222), are effective parameters when accessing disease
severity or adjusting anti-inflammatory interventions in
patients with AR and asthma. Subjective measurements,
including questionnaires on nasal and ocular symptoms,
asthma control and health-related quality of life (HRQoL)
can also be used to evaluate the efficacy of AI'T (223).

In order to provide standard options to facilitate asthma
management in China, Chinese Pediatric Asthma Group
have aimed to establish the national pediatric asthma
collaborative network among more than 2,000 hospitals
and medical centers and to share a national network with
unified asthma diagnosis and treatment strategies. It is
envisaged that utilization of electronic monitoring devices
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and internet-based apps may help to complete the network
interactivity; particularly as some studies have shown
that asthma self-management through electronic devices
or internet-based apps can provide higher adherence,
better monitoring in asthma symptoms, medical usage
and asthma exacerbations (224,225). Thus, similar
management methods could be used for AR patients, and
patients with both diseases may benefit from the self-
management by promoting disease control, awareness of
symptoms, treatment adherence, and parent-physician
partnerships.

Pharmacotherapy before, during and after
immunotherapy

In the management of AR, co-administration of AIT
and pharmacotherapy can increase the clinical effect and
safety of treatment. Medicines before, during and after
immunotherapy should be administered according to an
individual’s requirements (125).

Drug use before immunotherapy

During the onset of AR, severe symptoms that dramatically
deteriorate quality of life urge patients towards an instant
symptom-relieving therapy rather than an immunotherapy
that functions effectively but slowly. In this case, anti-
allergic drugs are preferable, such as oral H1-antihistamines
and/or nasal corticosteroids. These drugs can effectively
control the symptoms and lay a foundation for further
immunotherapy.

Drug use during immunotherapy

Drugs are used during immunotherapy to lessen symptom
rebounds and adverse reactions. Based on the severity/
seriousness of potential adverse reactions, appropriate
drug administration should be accomplished to prevent the
development of such adverse reactions and their subsequent
damage to the body (28).

The adverse reactions of immunotherapy can trigger
severe asthma that is life-threatening. Therefore,
for patients with AR and comorbid asthma, AIT is
recommended in combination with drugs such as inhaled
corticosteroids, bronchodilators, and leukotriene receptor
antagonists. In this way, patients’ tolerance against allergens
can be enhanced, asthma relieved, and quality of life
improved.
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Drug use after immunotherapy

Although AIT has a long-term effect, relapse of AR occurs
in some patients. Appropriate pharmaceutical intervention,
based on detection and control of inducing factors, can
be chosen to alleviate the symptoms and consolidate
therapeutic outcomes in these patients.

Measures of efficacy
Rbinitis control

There are many ways to evaluate the efficacy of
immunotherapy, and these can be categorized according
the patient’s own assessment and the doctor’s assessment
(226,227). The World Allergy Organization (WAO) has
recommended that for assessment of the efficacy of AIT,
the primary endpoint parameters of the evaluation should
be the severity of the symptoms and use of concomitant
medications, and these two primary endpoints should be
considered together in the assessment. Furthermore, the
secondary endpoint parameter should be the degree of
improvement of patient’s quality of life.

The main goals of evaluating the efficacy of
immunotherapy are as follows (1,228): (I) to record the
patient’s symptoms and their response to immunotherapy,
to provide the basis for therapeutic dosage adjustment in
future; (II) to provide data to continue treatment; (III) to
provide data for research; and (IV) to assess the overall
effectiveness of immunotherapy.

The evaluation of clinical efficacy of immunotherapy
includes measurement of nasal symptoms score, quality of
life score, and the drug dosage score.

Nasal symptoms sore

Assessment of specific nasal symptoms, including “nasal
congestion”, “sneezing”, “nasal itching”, and “nasal
secretion” is necessary in the evaluation of AR (1). Each
symptom is scored between 0 and 3, so that the total nasal
symptoms score ranges from 0 to 12. A similar scoring
system can be used for ocular symptoms, including “eye
itching”, “ocular secretion” and “eye redness”, to attain a
total ocular symptom score that ranges from 0 to 9. Nasal
symptoms and medication can be evaluated daily using a
computer software-based documentation system, whereas
quality of life can be assessed each year (229). VAS is
generally recommended for subjective symptom evaluation
by patients (1,228). The VAS can be a good means for
assessing the patient’s feelings about the severity of their
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disease, especially during long-term follow-up of AR.

Quality of life score

To assess the overall efficacy of AIT, not only nasal
symptoms, but also the patient’s mental/psychological
condition, and the HRQoL need to be evaluated (230).
In this regard, the RQLQ is the prevalent scoring system
employed (231).

Medication score
Although AIT treatment can relieve the symptoms of AR,
few patients are completely symptom-free (1). Clinicians
may give medications to relieve symptoms as appropriate,
but it is particularly important to record concomitant
medications during the process. According to WAO
guidelines, the nasal, ophthalmic and oral antihistamines
used during AI'T should be rated as 1 point, the inhaled or
nasal corticosteroids as 2 points, and oral corticosteroids as
3 points. The overall “symptom load” is expressed as the
sum of the symptom score and the medication score.
Subjective evaluation of the degree of improvement in
symptoms may also use the following criteria (232): (I) no
efficacy, less than 30% improvement; (II) slight efficacy,
30-45% improvement; (III) moderate efficacy, 45-60%
improvement; (IV) significant efficacy, more than 60%
improvement.

Asthma control

The efficacy of AIT in asthma is measured using symptom
scores, medication scores, as well as lung function test
(55,134,233-235). The symptom and medication scores
are frequently used as primary endpoints in AIT trials.
The daytime asthma symptoms are scored from 0 to 4
or 5 points according to the general severity of wheeze,
shortness of breath, dyspnea, cough and its impact on daily
life. The nocturnal asthma symptoms are scored from 0 to
4 points according to the frequency of nocturnal and early
morning awakening by asthma. The total asthma symptom
score (TASS) is the sum of daytime and nocturnal asthma
symptoms scores, and generally been evaluated monthly in
most studies (54,55,134,234,235).

With regard to the medication allowed in the AIT
studies, antihistamines, antileukotrienes or p2-agonists,
topical corticosteroids as well as oral corticosteroids
were evaluated by equivalent scores. All these studies
demonstrated that the AI'T treated group had a significant
decline in the medication score compared with the placebo
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group (54,55,134,234).

Some studies have evaluated asthma control (“well
controlled” or “totally controlled”) and asthma symptom
score according to GINA guideline as well as the number
of emergency room visits or hospitalisation for asthma
attack (234,236,237). In one of the studies, a subsequent
post hoc analysis by asthma severity revealed significant
clinical benefit in the AIT group with moderate, persistent
asthma at baseline with 401-800 pg budesonide/day; with
greater achievement of well-control asthma and totally
controlled asthma (236). In another study, global assessment
of asthmatic symptom by patient and physician, the primary
outcome measure, was improved after ASIT but not placebo
treatment (233).

Most studies that included the measurement of lung
function parameters showed significant improvement before
and after AI'T. The parameters included FEV,% predicted,
PEF rate in the morning and night, PEF% predicted value
as well as brochoprovocation tests (54,55,233-235,237).
However, within-group analysis in some studies failed
to demonstrate significant differences between AIT and
control groups (233,234,236).

Biomarkers

Both SCIT and SLIT are characterized by the induction
of Treg and B cells, decreased allergen-specific T-cell
proliferation, a shift from TH2 to THI cytokines, and a
shift from an IgE to an IgG4/IgA antibody response (238).
Moreover, there are several aberrant changes in the
periphery or target organs during the treatment, which
can be regarded as putative markers of successful
immunotherapy, or for the consideration of whether or not
to stop the treatment. A good biomarker should be specific,
easy to examine, and has prediction or correlation with the
clinical response of the treatment.

IgE-facilitated allergen binding (IgE-FAB)

IgE-FAB is an important method to test the active inhibitory
properties of antibodies after immunotherapy. The
allergen-IgE complex, formed by the incubation of allergen
and high-concentration sIgE, can bind to the low-affinity
IgE receptor expressed on EBV-B cells and be detected by
flow cytometry (239). Shamji and colleagues (240) examined
IgE-FAB after grass pollen immunotherapy and found
that the immunoreactive levels of IgG4 correlated closely
with the clinical response to grass pollen immunotherapy.
Another study has also shown that the immunoreactive levels
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of IgG4, different from the concentration of specific IgG4,
were maintained unchanged after 2 years of discontinuation
of immunotherapy (241); suggesting that the examination of
immunoreactive levels of IgG4, rather than direct measurement
of the concentration of IgG4 or other antibodies, is likely to be
a superior test of the efficacy of immunotherapy. However, the
preparation of EBV-B and demand of flow cytometry may limit
the use of the method.

IgE blocking factor

IgE blocking factor is also a biomarker to test for the
presence of bioactive antibodies which can block the
binding of sIgE and allergens after immunotherapy. Good
correlation has been found between IgE-FAB and IgE
blocking factor. The difference between IgE blocking
factor and IgE-FAB, however, is that in the assessment of
IgE blocking factor, antibodies are used to compete with
sIgE when binding the allergen on a solid-phase matrix. In
contrast, [gE-FAB represents a more physiologic readout
of functional IgG1 and IgG4 that seems to correlate more
closely with symptom and medication scores (241).

Ratio of sIgE to total IgE (tIgE)

During the immunotherapy, sIgE increases transiently
at the beginning of treatment, followed by a gradual
decrease over time. The change of serum sIgE is limited
to reflect or predict the immune or clinical efficacy of
immunotherapy (242).

The ratio of serum sIgE to tIgE has recently been
studied as a potential predictive marker of immunotherapy
(243). In patients who received 4 years of SCIT or SLIT,
there was a significant correlation between the serum
sIgE/tIgE ratio and the clinical response to ASI, and that
a diagnostic serum sIgE/tIgE ratio of 16.2 was found to be
the cut-off point beyond which successful immunotherapy
outcome could be predicted, with 97.2% clinical sensitivity
and 88.1% clinical specificity. Furthermore, measurement
of serum sIgE/tIgE ratio was more useful than either
sIgE or tIgE individually in predicting treatment efficacy
in patients mono-sensitized to grass, Parietaria judaica,
Olea europea, and HDM (243). As not many studies have
reported the use of sIgE/tIgE ratio as a biomarker for
effective immunotherapy, this needs to be confirmed in
more randomized double-blind placebo-controlled studies
to confirm its suitability in this regard.

Specific IgG (IgG4)
Specific IgG subclasses have been fully studied during
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immunotherapy (244). Allergen specific IgG1 and IgG4
concentrations in serum increase after immunotherapy
for several weeks, while allergen specific IgG2 and IgG3
do not change significantly (245). Although the elevated
concentrations of allergen specific IgG (in particular
IgG4) have the potential to compete with sIgE, many
studies have failed to show the correlation between
increased concentrations of specific IgG1 or IgG4 and
clinical efficacy of immunotherapy. The vaccines used
currently for immunotherapy are usually extracts from
the allergens, which may comprise multiple components.
The “specific” IgG or IgG4 detected and determined after
immunotherapy are actually “total” IgG or IgG4 against
the multiple components in the allergens. Some antibody
responses of un-related components or even contaminant
antigens may interfere with the actual results, and thus,
this is one reason why the increased concentration of
specific IgG or IgG4 may not be related with the clinical
efficacy (244).

While immunotherapy response without an increase
in specific IgG4 is a sign of definite treatment failure, the
immunotherapy response with an increase in specific IgG4
does not necessarily mean a consequent positive clinical
response (246).

Specific IgA

Allergen specific IgA, in particular IgA2, has been
reported to be increased after immunotherapy. The
increase of specific IgA follows IL-10 production of Treg
cells (247). As IgA is unable to mediate, complement, or
participate in an immune complex formation, it is possible
that this may act as an inhibitory antibody such as
IgG4 (248). However, very few studies have investigated
the correlation between the increase in allergen specific
IgA and the clinical response to immunotherapy, and
thus no conclusion can presently be made on the role of
IgA in immunotherapy.

Other biomarkers

Other potential biomarkers include allergen-specific I1L-
10-secreting Trl or Brl cells; increase concentrations
of cytokines IL-10 and TGF-B; decreased levels of
cytokines IL-4 and IL-5; and decreased inflammatory
cells such as eosinophil and mast cells (238). These
biomarkers are present in either very low quantities
to be examined (allergen-specific IL-10-secreting
Trl or Brl cells) or are non-specific (the cytokines
or inflammatory cells), and therefore not suitable as

J Thorac Dis 2017;9(11):4607-4650



Journal of Thoracic Disease, Vol 9, No 11 November 2017

Table 6 Conditions potentially associated with subcutaneous
immunotherapy-related systemic reactions

Risk factors

Administration-related factors
Missed dose adjustment during pollen peak
Allergen composition and mixtures
Accelerated build-up regimens
Short time of observation after injection
Needle length =13 mm
Delayed epinephrine administration
Dosing errors

Non-specific patient-related factors
Uncontrolled asthma (contraindication)

Long-term therapy with non-cardio-selective b-blockers and
ACE inhibitors

Specific patient-related factors
Previous systemic and local reactions

High degree of allergen sensitivity

ACE, angiotensin converting enzyme.

biomarkers for immunotherapy.

Safety of immunotherapy
Risk factors of adverse reactions

AIT is contraindicated in patients with medical conditions
that might increase the risk of treatment-related severe
SRs, such as those with severe or poorly controlled
asthma or with significant cardiovascular diseases (e.g.,
unstable angina, recent myocardial infarction, significant
arrhythmia, and uncontrolled hypertension). Thus,
AIT should be administered with caution to patients
receiving B-blockers or angiotensin-converting enzyme
inhibitors. Risk factors for SCIT-related SRs include
symptomatic asthma, prior SCIT-related SRs, and a high
degree of skin test reactivity (27). Other potential risk
factors for SCIT-related SRs, such as administration
during the height of the pollen season, build-up dosing
schedule (cluster vs. conventional), and treatment
phase (maintenance vs. build-up phase) have been
suggested, but none have been clearly established (249).
However, some risk factors for severe adverse effects and
fatal events are shown in Table 6 (250-253).
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Adverse reactions

LRs

LRs in AIT refer to any symptoms or signs located at or
nearby the area of administration. These are not rare, and
the common manifestations of SCIT are pruritus, redness,
and/or swellings except pain that everybody endures at the
time of injection. These usually appear within 30 minutes
after injection, sometimes after several hours or after one
day. The larger LRs (LLRs) are defined as the maximum
diameter greater than 2.5 cm before, now bigger than
the patient’s palm (average adult, 8 cm). The frequency
of LRs, however, ranges from 26% to 82% of patients
and with 0.7% to 4% of injections used (254-256). One
3-year follow-up retrospective study found that although
the incidence of SRs did not increase significantly in
patients with the LLRs (257), some individuals with higher
frequencies of LLRs were at greater risk of developing
SRs (258,259). One retrospective study indicated that LRs
following an injection cannot predict occurrence of LRs at
the next injection (27). The LRs of SLIT include oral and
gastrointestinal reactions such as lip swelling, oral mucosal
pruritus, burning, uvula edema, abdominal pain, vomiting
and diarrhea. Oral mucosal reactions, are relatively
common, resolve within a few days or weeks without
medical intervention, and affect up to 75% of patients, most

usually in the build-up phase (118).

SRs

Based on the literature, the incidence rate of adverse
systemic reaction in AR ranges from 2.6% to 14% (260-263).
The incidence rate of adverse systemic reaction per
injection is about 0.1% to 0.2% (249,264), while the
incidence of fatal severe reaction is one event per 1 to
2.5 million injections (265-267). The risk factors associated
with the systemic reaction include uncontrolled asthma,
dosing error, high sensitivity of the skin, administration
of B-receptor agonist, history of SRs associated with
SCIT, administration of injections during allergy season,
insufficient observation time after injection, injection
operated in the clinic without the surveillance by clinicians,
and delayed administration of epinephrine. Among the
above factors, uncontrolled asthma is the most important
risk factor; therefore, controlling the asthmatic symptoms
is critical to prevent the severe SRs. Compared to SCIT,
SRs rarely occur in SLIT. The incidence rate of systemic
reaction in SLIT is about 0.056% per administration and
no death has been reported (268).
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The classification of SRs of SCIT commonly used in
mainland China follows that proposed by the European
Academy of Allergy and Clinical Immunology (EAACI)
Immunotherapy Task Force guideline in 2006 (74).
However, the consensus amongst specialists in China is that
the classification system proposed by WAO in 2010 (269)
is clearer and more detailed. The WAO grading system
is considered to be more practical and convenient for the
clinicians to make the diagnosis. The EAACI and WAO
classification systems for SRs of SCIT are shown as Table 7.

Notes for WAO classification system:

(I  Severe LRs with SCIT may rapidly develop into
SRs (270);

(II) The cutaneous presentations in grade I SRs may
rapidly progress into more severe reaction;

(III) Patients may have a feeling of impending death,
especially in grades IIT or IV reactions; but children
with severe reactions may have some changes in
their behavior, e.g., becoming very quiet or irritable
and cranky;

(IV) The most common treatment for SRs is
subcutaneous injection of 0.3 to 0.5 mL 1:1,000
epinephrine, especially for grades III and IV SRs.
If symptoms do not relieve, use epinephrine again
15-20 minutes later if necessary;

(V) It is suggested to stop SCIT if grade III or IV SRs
happened.

Management of adverse reactions

Generally, most of the patients are tolerant to AI'T, but
adverse reactions occurring in some patients during the
procedure require treatment accordingly. This is common
practice for LRs in both SLIT and SCIT, but especially in
SLIT. For mild LRs, these can usually be relieved by local
application of cold compresses or glucocorticoid cream, or
by decreasing the dosage of the vaccine, with or without
oral antihistamine (271). Nevertheless, patients with mild
adverse reaction should be observed continuously and any
worsening of symptoms should be evaluated carefully as
potential signs of anaphylaxis.

For SLIT, it has to be emphasised that the patients
should understand the possible adverse reaction/s they
might experience during the procedure and know how to
act when taking the vaccine at home; even though no severe
systemic adverse reactions have occurred to date in China.

For local severe adverse reactions and SRs, more
attention should be paid because of both their severity and
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potential to sometimes result in anaphylaxis, especially for
SCIT (259,272). Early signs should be identified, including
palms and soles itch, perianal or peri-genital pruritus,
bellyache and an urge to defecate and urinate, sneezing
attacks and generalized pruritus. Subsequently, respiratory
and/or cardiovascular symptoms may appear (273).
The management of severe local adverse reactions
and systemic adverse reactions in SCIT is detailed in
Table 8 (31,272-274).

As adverse reactions usually occur within 30 min after
the injection, especially for SCIT, the patient must be
supervised for at least 30 min following injection. Also,
injections must be given by clinicians in the hospital,
where there is a well-equipped emergency facility with
the following apparatus: (I) trolley for patient to lie flat if
needed; (II) electrocardiograph, pulse oximetry and blood
pressure monitoring equipment; (III) oxygen and suction
equipment, including tubing, masks, etc.; (IV) airway
management equipment and advanced airway management
devices for intubation and cricothyrotomy; (V) an
intravenous infusion pump; (VI) nebulizer mask (for inhaled
epinephrine); (VII) manual blood pressure cuff; (VIII)
intravenous access cannulae (20-16 G) and giving sets; (IX)
needles and syringes (74,275).

As recommended in guidelines, it is essential to carefully
examine the patient and take medical history before
administration of every injection. PEF evaluation must be
done before each injection, especially for the patients who
have comorbid asthma with AR. PEF value of less than
70% of best predicted is considered as a warning signal (74).
Most severe systemic adverse events would be prevented if
physicians abide by these rules.

Safety comparison

When administered correctly to properly selected patients
in a hospital with experience, both SCIT and SLIT are safe
and well-tolerated (118,276,277). Generally, SLIT is safer
than SCIT (192). Patients treated with SCIT are at risk of
both local and systemic adverse reactions, which may be
severe, even life-threatening. Occasionally, system allergic
reactions occur during SLIT treatment, but life-threatening
anaphylaxis is extremely rare. About 0.1% to 3.5% of
injections have been shown to result in a systemic allergic
reaction for SCI'T, compared to a 0.056% rate of systemic
allergic reactions per SLIT dose. Fatal cases have been
reported with SCI'T] but not SLIT (249).

Adverse reactions have been shown to occur in
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Table 9 Grading system for local adverse events in sublingual immunotherapy (SLIT) according to the World Allergy Organisation (279)

Symptom/sign

Pruritus/swelling of mouth, tongue, or lip; throat irritation*, nausea, abdominal pain, vomiting, diarrhea, heartburn, or uvular edema

Grade 1: mild

Not troublesome and no symptomatic treatment required and no discontinuation of SLIT because of local side effects

Grade 2: moderate

Troublesome or requires symptomatic treatment and no discontinuation of SLIT because of local side effects

Grade 3: severe
Grade 2 and SLIT discontinued because of local side effects

Unknown severity

Treatment is discontinued, but there is no subjective, objective, or both description of severity from the patient/physician

Each local adverse event can be early (<30 min) or delayed. *, for example, itchy palate, burning or swelling of the throat.

10% to 20% of patients who were prescribed SLIT
(54,134,271,277,278). However, manifestations are temporary
mild local mucosal reactions in 40% to 75% of the cases,
and usually occur during the early phase of SLIT, before
gradually subsiding after 1 to 3 weeks (54). The other adverse
reactions due to SLIT include nausea and/or abdominal pain
(particularly in children), rhinitis, conjunctivitis, headache,
urticaria, cough and bronchospasm (192). Recently, the
WAO has proposed a new, standardized classification of LRs
during SLIT to provide a worldwide standardized reporting
system (1able 9) (279).

Although there is no report of severe anaphylaxis
due to SLIT in China (280), some cases with severe
anaphylaxis have, nevertheless, been reported in other
countries (278,281). Normally, SLIT is self-administered
at home without the supervision of physicians and nurses.
However, guidelines for some SLIT products indicate that
the first one or more doses should be administered under
the supervision of physicians and nurses in hospital, and
thereafter self-administered at home. The patients should
be informed of the situations in which SLIT should be
temporarily interrupted; including elective maxillofacial
surgery, oropharyngeal infections and lesions (ulcers,
gingivitis, periodontitis), gastroenteritis and asthma
exacerbations (118). All patients should be required to have
access to telephone advice and opportunity to be seen at
short notice during administration of SLI'T.

Generally, SLIT has a better safety profile than SCIT.
SRs are far less often compared with SCIT, and life-
threatening anaphylaxis is extremely rare.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Summary and future perspective

AIT achieves substantial clinical results in patients with
AR by improving nasal and ocular symptoms, reducing
medication need, improving quality of life, preventing
progression of AR to asthma, and reducing new
sensitizations. The efficacy of immunotherapy depends
on correct patient selection, the type of allergen and the
product chosen for treatment. Each vaccine requires
individual assessment through a combination of clinical
history and skin and/or blood tests for allergen sIgE before
recommendation for routine use.

Patients receiving immunotherapy should be carefully
monitored for at least 30 minutes after administration of
therapy and SRs treated promptly. Both SLIT and SCIT
have acceptable safety profiles if administered under the
appropriate circumstances. A superior safety profile of
SLIT allows for administration outside of a medically
supervised setting, whereas SCIT is recommended only in
a medically supervised setting with appropriate staff and
equipment to identify and immediately treat anaphylaxis.
Cluster immunotherapy and RIT could overcome the
inconvenience of conventional immunotherapy by
shortening the build-up phase and achieve obvious efficacy.
However, the potential of adverse reactions, especially
SRs, increasing during the short build-up phase is real.
Therefore, these two schedules should be performed
under close observation of professionals with considerable
experience in immunotherapy. Figure 4 shows the steps
for assessment of patients suitable for immunotherapy and
administration of specific immunotherapy.

J Thorac Dis 2017;9(11):4607-4650
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1. Patient with AR
symptoms sees a
doctor

Non-allergic

2. Doctor makes

- 2.1 Other
judgement

treatment options

Suspected allergic disease

4. Write down the amount to
be paid on the prescription
and collect fees

3. Prescribe SPT/
sIgE detection sheet

5. SPT/sIgE
detection

Non-poe:s:
Positiyg 4

(dust ngi)t result

\I/ Positive test result (dust mites) .

2.2 Patient should be

advised for general
treatment on AR

6. Doctor recommends and

introduces specific immunotherapy Patient rejects specific

immunotherapy
Patient accepts specific immunotherapy

7. Doctor and patient sign
the informed consent form

8. Nurse creates a file for patient

Patient’s conditions are not controlled

9. Patient evaluates
patient’s conditions

9.1 control patient’s
conditions

10. Doctor prescribes medicine
for specific immunotherapy

11. Write down the amount to
be paid on the prescription and
collect fees

12. Check patient information and
evaluate whether patient is suitable for
desensitization injection

13. Patient receives
desensitization treatment

Adverse reaction occurs

14. Observe for 30 minutes
Ot x>

No adverse reaction

15. Control
adverse reaction

Adverse reaction

16. Evaluate patient’s is controlled

conditions and dosage regimen

17. Patient leaves

Figure 4 Flow chart for administration of specific immunotherapy. The scope surrounded by red dot lines is the scope for the institute. AR,

allergic rhinitis; SPT, skin prick test; sIgE, specific immunoglobulin E.
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Future studies investigating the efficacy and safety of
AIT in China need to be developed in the following areas:
O Standardization, validation and general acceptance
of allergen products (the major allergen content);
(II)  Identification of biomarkers to select responders,
echo responsiveness to immunotherapy and
indicate when relapse is imminent;

(III) Multicenter studies to evaluate the risk and
benefit of AI'T in younger children and determine
optimal age for initiation;

(IV)  Optimization of AIT schedules and dosing which

balance both efficacy and safety;
(V) Pharmacotherapy before and during AIT to
improve safety profile;

(VI) Production of auto-adrenaline injector for
patients in case of SRs occurring out of a
medically supervised setting;

(VII) Cost-effectiveness analysis adjusted to

socioeconomic differences within China;
(VIII) Head-to-head trials comparing efficacy of SCIT
with SLIT.
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