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ABSTRACT

Critical aspects of formulating allerqy immunotherapy vaccines include the selection, total number, and proportions of each
allergen component in therapeutic mixtures. The immunotherapy prescription, determined by a medical provider, details the
dosing and schedule for treatment as well as the specific composition of the treatment vials. Allergen extracts are composed of
many components such as proteins, glycoproteins, and proteases. Some components in allergen extracts are cross-reactive,
meaning that treatment with an extract from one species may confer partial protection against a triggering allergen from
another species. Conversely, some allergen extracts are incompatible with other extracts when combined in a mixture for
treatment, resulting in lowered therapeutic potential for the patient. Therefore, knowledge of allergen extract cross-reactivities
and incompatibilities quides the preparation of subcutaneous immunotherapy prescriptions. In a clinical setting, an under-
standing of what can and can not be mixed is one critical element in improving treatment outcomes.

Subcutaneous immunotherapy (SCIT) has been a

treatment option for allergy patients for many de-
cades and is a disease-modifying therapy that induces a
shift from an allergenic to a tolerogenic immune re-
sponse."” In addition to reducing the severity of allergy
symptoms and the risk of life-threatening consequences
after exposure to specific allergens, the many clinical
benefits that follow SCIT include reduced symptoms of
allergic rhinitis, allergic conjunctivitis, and allergic
asthma. Further, studies have shown that SCIT decreases
the progression of allergic disease measured both by the
onset of new sensitivities and by the development of
allergic asthma. The rate of systemic reactions after con-
ventional allergy immunotherapy injections is ~0.1%,
according to a review of published studies.’ In practice,
physicians manage that low, but real, risk by having
patients wait in the physician’s office, an environment
staffed with the skilled personnel required to recognize
and treat a systemic reaction should it occur, for 30 min-
utes after receiving the SCIT injection.’

Through carefully controlled dosing with allergens, pa-
tients are desensitized and are better able to tolerate
subsequent exposure. SCIT is used to treat allergic
asthma and allergic rhinitis/conjunctivitis in patients
whose symptoms are not well controlled by medications
or who do not want to use medications to treat symptoms
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long term." Patients with asthma must have symptoms
under control before starting allergy testing or immuno-
therapy.' The efficacy of allergy immunotherapy is de-
pendent on delivering an adequate dose of relevant al-
lergens throughout the course of 3-5 years of treatment."
Unlike most pharmacy-based sterile products, allergy im-
munotherapy prescriptions are often prepared in offices
by trained health care personnel.

The preparation of an allergy immunotherapy pre-
scription is a critical step and involves the careful
dilution and mixing of individual extracts. As in many
areas of medicine, there are guidelines for the prepa-
ration of allergy immunotherapy treatments. Guide-
lines have been published both by the U.S. Pharmaco-
pia (USP) 797* and by a collaboration (the Joint Task
Force) between the American Academy of Allergy,
Asthma, and Immunology (six members), the Ameri-
can College of Allergy, Asthma, and Immunology (six
members), and the Joint Council of Allergy, Asthma,
and Immunology (one member). The American Acad-
emy of Otolaryngic Allergy was invited to review and
later endorse the most recent update to the Joint Task
Force’s guidelines, which were published in 2011." The
goal of these guidelines is to ensure sterile mixing,
optimize the stability and potency of treatment vials,
and decrease practice variance. All guidelines empha-
size aseptic technique, handwashing, storage tempera-
tures, use of personal protective equipment, expiration
dating, and patient identification on labels and require
that staff preparing treatment vials pass a written ex-
amination and an annual media-fill test."* The Joint
Commission accreditation organization has adopted
the USP 797 guidelines and most hospitals require full
compliance with these standards. If an allergy practice
is not hospital based, then the physician must deter-
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Table 1 Standardized allergen extracts available in the United States

Potency Labeling

Allergen Source Extract
Epithelia Cat hair
Cat pelt
Dust mite Dermatophagoides pteronyssinis
Dermatophagoides farinae
Pollen Short ragweed

Bermuda grass
Kentucky bluegrass
Perennial ryegrass
Orchard grass
Timothy grass
Meadow fescue grass
Redtop grass
Sweet vernal grass
Yellow jacket
Honeybee

Paper wasp

Yellow hornet
White faced hornet
Mixed Vespids

Hymenoptera venoms

BAU/mL based on Fel d 1 content
BAU/mL based on Fel d 1 content
AU/mL

AU/mL

w/v and Antigen E or Amb a 1 concentration
BAU/mL

BAU/mL

BAU/mL

BAU/mL

BAU/mL

BAU/mL

BAU/mL

BAU/mL

Micrograms protein /mL
Micrograms protein /mL
Micrograms protein /mL
Micrograms protein /mL
Micrograms protein /mL
Micrograms protein /mL

BAU = bioequivalent allergy unit.

mine' which guidelinesl'4 will be followed to meet the
needs of the practice.

PREPARATION OF ALLERGY
IMMUNOTHERAPY PRESCRIPTIONS

Extracts used for SCIT are complex mixtures. The ex-
tracts used for mixing can differ in starting and final
concentrations depending on the allergen used.'” One
recommendation is for each medical practice to develop a
manual to support the office staff in maintaining consis-
tent procedures for preparing treatment vials.” This
streamlines the preparation process and makes it easier to
train other staff members. The manual should include a
competency assessment for staff members that com-
pound prescriptions (such as the Extract Quiz found at
www jcaaiservices.org)® as well as training guidelines
and checklists for prescription preparation (such as those
found at www jcaai.org/page/quiz)’.

Other recommendations for the compounding of al-
lergy immunotherapy prescriptions are based on the type
of extracts used. Extracts are available in two forms:
standardized and nonstandardized. Currently, the Food
and Drug Administration has approved 19 standardized
allergen extracts, including grass pollens, dust mites, cat,
short ragweed, and Hymenoptera (an insect order that
includes wasps, bees, ants, and other insects) venoms
(Table 1).*° Nonstandardized extracts have been used for
decades and an analysis of the literature has found most
of these extracts to be safe and effective.'” Nonstandard-
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ized extracts are used when a standardized extract is not
available.

Unlike standardized extracts, nonstandardized extracts
are made and sold at different concentrations.''* This
may complicate the dilution process for mixing treatment
vials. To retain a clinically relevant concentration for
treatment, it is recommended that the volume of each
allergen added reflects the recommended dose and that,
after the first allergen, subsequent additions only replace
diluent." Therefore, it may help the mixing staff if the
manual includes a dosing range based on the most recent
recommendations from the 2011 Practice Parameters for
prescription preparation." Examples of the doses recom-
mended for representative extracts are listed in Table 2."?

CROSS-REACTIVE PROPERTIES OF ALLERGENS

It is important to note that allergens from the same
family may cross-react, i.e., the immune system may
not fully differentiate them.'* Although it has been sug-
gested that using a representative cross-reactive allergen
can substitute for others in the same family, a growing
body of data show that the immune response to related
allergens is a mixture of specific and cross-reactive T-cell
and antibody responses.'>"” Treatment with the specific
allergens causing the clinical problem may be the most
effective approach to inducing tolerance.''®

Keeping cross-reactivity in mind is critical to the safety
of immunotherapy prescriptions. If partially cross-reac-
tive binding sites are contributed by multiple allergens in
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Table 2 Target immunotherapy doses

Extract Dose

Extract Concentration Needed to Deliver Target Doses

in 0.5-mL Injection Volume

Short ragweed 6-12 AgE U (ug)
Cat 10004000 BAU
Dust mite 500-2000 AU
Pasture grasses 1000-4000 BAU
Bermuda grass 300-1500 BAU

Pollen 1:100-1:200 w /v
Fungi HTD
Insects, animals HTD

Dog AP 15 ug of Can f 1

12-24 AgE U/mL
2000-8000 BAU/mL
1000-4000 AU/mL
2000-8000 BAU/mL

600-3000 BAU/mL
1:100-1:200 w/v
HTD
HTD
30 pg Can f 1/mL

Source: Refs. 1 and 13.

AQE = Antigen E or Amb a 1; AP = acetone precipitated; AU = allerqy unit; BAU = bioequivalent allergy unit; Can f1 =

canis familiaris allergen 1; HTD = highest tolerated dose.

the treatment vial, the concentration of the cross-reactive
segments of the allergen may be greater than the target
dose and could induce a side effect that might be uncom-
fortable for the patient and slow their course of treatment.

When choosing extracts, it is important to know that
the genetic relationships behind cross-reactivities can
vary for extracts from different categories of source
materials.'”*® Thus, when choosing representative al-
lergens, it is better to rely on established and published
evidence of cross-reactivity without making assump-
tions across general classifications (i.e., the same genus
or family) that may not be accurate.”’ It is also impor-
tant that skin-test panels include relevant cross-reac-
tive allergens from geographic regions that would be
therapeutically appropriate for the patient.*"**

There are many examples of cross-reactive allergens.
For example, temperate pasture grasses of the Pooideae
subfamily are partially cross-reactive.''?**** Examples
of cross-reactive trees,”?° weeds,>?° and grasses27 are
listed in Tables 3-5, respectively. A common approach to
addressing cross-reactive allergens is to use mixes. For
prescriptions that include dust mites, either an extract
containing the two most common species, Dermatophagoi-
des pteronyssinus and Dermatophagoides farinae, or the in-
dividual extracts is recommended because although the
two species are similar, they are sufficiently different that
both are necessary for effective treatment.! The same is
true for cockroaches. A mixture of both German and
American cockroach species or the individual extract is
recommended in treatment vials."*® The use of mixes can
both help to reduce the safety risk of cross-reactive aller-
gens and address the limitations of cross-reactivity when
treating to achieve tolerance."*

ALLERGEN INCOMPATIBILITY IN MIXING
PRESCRIPTIONS

Because extracts are mixed to produce treatment vials,
research has focused on the stability and potency of in-
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Table 3 Cross-reactive trees

Family Common Genus/Species
Name
Cypress Red cedar Juniperus virginiana
(Cupressaceae) All other Juniperus spp.
junipers
Non—juniper  Chamaecyparis spp.,
cedars Calocedrus spp.
Arborvitae Thuja spp.
Cypress Cupressus spp.
Birch Birch Betula spp.
(Betulaceae) Alder Alnus spp.
Hazelnut Corylus spp.
Beech (Fagaceae) Oak Quercus spp.
Beech Fagus spp.
Walnut Walnut Juglans spp.
(Juglandaceae) Pecan Carya illinoinensis
Hickory Carya spp.
Olive (Oleaceae) Ash Fraxinus spp.
Olive Olea spp.
Privet Ligustrum spp.
Maple Maple Acer spp.
(Aceraceae) Box elder Acer negundo
Willow Cottonwood/ Populus spp.
(Salicaceae) poplar
Willow Salix spp.

Source: Refs. 19 and 20.

dividual extracts after mixing. It has been found that
some mixtures of extracts are incompatible; i.e., mixing
particular allergen extracts together lowers the stability
and potency of one or more of the allergens.” Some
allergenic products used for immunotherapy naturally
include proteases. Proteases are enzymes that degrade
other proteins and are the reason for allergen incompat-
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Table 4 Cross-reactive weeds

Family Common Name Genus
Composite Western, giant, Ambrosia
(Asteraceae) short, and false
ragweeds
Sagebrush Artemisia
Mugwort
Poverty weed Iva
Marsh elder
Buckwheat Dock Rumex
(Polygonaceae) Sorrel
Amaranth Pigweed Amaranthus
(Amaranthaceae) Careless weed
Chenopod Lamb’s quarter  Chenopodium

(Chenopodiaceae) Mexican tea
Source: Refs. 19 and 20.

Table 5 Cross-reactive grasses

Tribe Common Name

Pooideae Meadow fescue Smooth Brome
Timothy Sweet Vernal
Perennial rye
Kentucky blue
Orchard
Red top

Chloridoideae Bermuda

Panicoideae Bahia Johnson

Source: Refs. 19 and 20.

ibility. For example, when two extracts are mixed, pro-
teases from one extract can degrade allergens from the
other extract and can compromise the potency of both
extracts in the resulting treatment vial.*® Research has
identified allergen extracts that are particularly rich in
proteases and compounding recommendations have
been developed to maintain potency of allergy immuno-
therapy treatment vials.

The allergenic products with the highest protease
activity are insect and fungal (mold) extracts. As an
example, studies have shown that the potencies of
representative grass and tree pollens, as well as cat,
dog, ragweed, and other weed extracts, are reduced
when these extracts are mixed with mold or fungal
extracts (Alternaria, Aspergillus, and Penicillium).">*°~3!
Certain mixtures of fungi and insects are also incom-
patible. For example, Alternaria extract did not retain
potency when mixed with insect extracts and German
cockroach extract did not retain potency when mixed
with fungal extracts.>® Dust mite extracts manufac-
tured in the United States can be successfully mixed
with grass pollens because they are more highly puri-

ed

fied than European dust-mite extracts but may be un-
stable when mixed with molds.'**® Recommendations
on considering incompatibility when mixing treatment
vials are based on ongoing research and summarized
in Flg 1'1,19,28733

Mixing compatibility charts, such as shown in Fig. 1,
can be a very practical resource in a busy practice but, to
accurately use them, it is important to understand the
complex information they portray. Variables that impact
the data in these charts include the extract type and
source(s), whether the stability portrayed represents a
single extract or both components in the mixture (also
called one-way or two-way charts, respectively), the
length of time the mixtures have been stored, the storage
temperature, and the percent of glycerin in the mixtures.
Figure 1 is a two-way chart showing stability of both
components in a mixture stored for between 1 and 3
months at three different glycerin concentrations. For
purposes of comparison, the chart published by Grier et
al® is a one-way chart showing the stability of single
extracts after storage with a second extract for 12 months.
Not surprisingly, the results are quite different.

Because of extract incompatibility, guidelines sug-
gest that when incompatible extracts are required for a
patient, accurate dosing and potency of allergy immu-
notherapy treatment vials be maintained by com-
pounding two or more separate treatment vials." Some
studies have shown that higher concentrations of glycerin
reduce allergen incompatibility and help to retain po-
tency but lower concentrations are less painful to pa-
tients.' Storage time can also affect potency. For example,
when a combination of Alternaria and Penicillium was
studied, potency in 10% glycerin decreased to ~80% after
12 months of storage but was maintained in 25% glyc-
erin."”” Although studies have begun to characterize the
complex relationship between multiple allergens, glyc-
erin concentration, and storage time, currently, a rela-
tively small number of allergens have been investigated.
Phenol, a bacteriostatic preservative, is added to help
prevent the growth of microorganisms." This information
should be integrated into allergy practices manuals for
prescription preparation. Allergen extract incompatibility
is important to remember when compounding treatment
vials so that potency is retained and an effective immu-
notherapy treatment is delivered to the patient.

HIGH AND LOW SENSITIVITIES TO
ALLERGENS

Allergy testing reveals how allergic a patient is to
each allergen in the treatment vial. The allergens to
which a patient is the most sensitive are most likely
to cause an adverse reaction during advancement to
the maintenance level. For this reason, some clini-
cians choose to combine allergens based on each
patient’s sensitivity levels; this allows them to man-
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<10% Glycerin

IN | MO | MI [ RG | GR | TW | DG | AN | CT
Insects
(IN)

25% Glycerin 50% Glycerin

| IN | MO

Grasses

(GR)
Trees/Weeds
(T/W)

Other Animals
(AN)

Color Key COMPATIBLE

Figure 1. Mixing recommendations for subcutaneous allergen extract immunotherapy: extract compatibilities after storage for 1-3 months
at 2-8°C in (A) 0-10% glycerin, (B) 25% glycerin, or (C) 50% glycerin. In this two-way chart, the combination is designated as unstable
if either of the components have reduced potency on storage. Mixtures are designated as compatible (green), partially unstable (yellow), or
not recommended (red) according to research presented by Cox et al.', Esch'®, Grier et al.,*® and Esch and Grier>* © GREER 2015.
Reprinted with permission from GREER Laboratories, Inc, Lenoir, NC.

Ragweed

NOT RECOMMENDED

age the advancement of dose for the “high-sensitiv-
ity” allergens separately from the advancement of
dose for the “low-sensitivity” allergens.**

EXTRACT INTEGRITY

Other issues can affect the quality of allergenic
extracts. Over time, allergenic extracts, particularly
aqueous extracts and extracts at high concentrations,
may precipitate out of solution. There are few pub-
lished studies that carefully characterize the nature
and quantity of these precipitates. One unpublished
reference suggests that a precipitated extract had no
significant change in potency.** It has also been sug-
gested that, in theory, injecting precipitates could
result in patients developing granulomas.?

Some extracts, particularly certain pollens and foods,
may discolor over time. Generally, this is caused by the
oxidation of extracts resulting from the vials having
been opened, and thus exposed to oxygen, multiple
times.>*

Delamination of glass vials, which can result in glass
flakes,? is very rare with pharmaceutical-grade glass
but can occur. In response to this, the USP has pro-
posed a new chapter discussing methods that manu-
facturers might use to predict glass delamination.>®
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Anytime the mixing staff sees a change in an extract,
they should contact the manufacturer for advice on
how to proceed.**

SUMMARY

From the basic process of diluting allergenic prod-
ucts to the properties of each individual extract, care
must be taken at each step to ensure an effective im-
munotherapy treatment. Some key points include

e USP 797 and Joint Task Force guidelines should be
used for preparation of SCIT treatment vials.

e Both include recommendations on aseptic tech-
nique, handwashing, storage temperatures, use of
personal protective equipment, expiration dating,
patient identification on labels, and require that staff
preparing treatment vials pass both a written exam-
ination and annual media-fill test.

e Develop a manual for the practice to promote consis-
tency with the previous recommendations as well as to
highlight information on cross-reactivity and allergen
incompatibility.

e Knowledge of cross-reactive allergens will simplify
compounding SCIT treatment vials—use one cross-
reactive representative extract or a mix of cross-reac-
tive allergens.
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e Keep allergen extract incompatibility in mind when
compounding treatment vials to maintain potency and
efficacy for patients.

¢ For some patients, separation of allergens into separate
vials based on high and low sensitivities may avoid
problems related to adverse reactions that are some-
times caused by highly sensitive allergens and that
may be encountered during advancement of dose.

Compounding allergy immunotherapy treatment vials
is a complicated process that when done appropriately,
will optimize the treatment outcome. Keeping the basic
principles of cross-reactivity and incompatibility in mind
when compounding allergy immunotherapy prescrip-
tions offers the potential for a safer and more effective
approach to providing this important, disease-modify-
ing” therapy.
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