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Allergen immunotherapy: an update on protocols

Désirée Larenas-Linnemann

Purpose of review

Allergen immunotherapy (AIT) is still the only causal treatment for allergic rhinitis and asthma. However,
conventional subcutaneous AIT administration schedules are time-consuming and safety issues still play a
role; for sublingual AIT, the best efficacy is still investigated and for food allergy the best efficacy—safety
balance is not yet completely discovered. Investigators have made progress in these fields lately.

Recent findings

Since January 2014, several (ultra) rush or cluster build-up phases with hypoallergic variants of extracts
have been explored with success. Also, the efficacy of only preseasonal subcutaneous AIT was
demonstrated for tree and grass pollen. Sublingual AIT was shown to be effective and well tolerated in
allergic rhinitis and asthma with tablets and with highly concentrated liquid formulations (ragweed, house
dust mite), but not cockroach. For food allergy, oral immunotherapy is promising, but close attention should
be paid to the exact administration schedule, maintenance dose, and the definition of efficacy
(desensitization or real tolerance, as defined by a negative challenge test at least 4 months off treatment).

Summary

The practicing physician should be watchful for advances in the field of aeroallergen AIT and food oral
immunotherapy, analyzing the presented information in detail and interpreting conclusions product

specifically, without generalizing.

Keywords

allergen immunotherapy, allergic asthma, allergic rhinitis, peptide immunotherapy, polymerized allergens,
subcutaneous immunotherapy, sublingual immunotherapy

As the pathophysiological background of allergic
diseases, such as allergic rhinitis, allergic conjuncti-
vitis, atopic dermatitis, allergic asthma, and food
allergy, is based on an altered immune response, the
only causal therapy is the one that restores the
immune response to a healthy balance. This prin-
ciple was applied with success for the first time over
a century ago by Noon [1], and since, investigators
in the field of allergy have been searching for ways
to improve allergen immunotherapy (AIT). As the
review presented here shall show us, this quest is
still ongoing.

Historically encountered inconveniences of sub-
cutaneous immunotherapy (SCIT) have been its
efficacy, which is good, but still not optimal, the
long duration of the build-up phase with one or two
clinic visits a week for months, the 3 to 5-year
maintenance phase, the fact some patients do not
want injections, and last, the serious adverse events
reported with SCIT. The latter has improved much
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with guidelines’ and practice parameters’ recom-
mendations on safe administration in high-risk
patients, on the conduction of a preinjection health
screening questionnaire and suggestions on how to
handle administration gaps, adjustments during the
allergen season, etc. [2,3]. However, in the last
surveillance study [4"], there was still one fatality
reported.

Table 1 synthesizes some of these inconvenien-
ces of classical AIT and how investigators have been
trying for decades to overcome them by adjusting
the traditional administration protocol of injections
of a natural allergen administered in incremental
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KEY POINTS

o With hypoallergenic formulations — alum adsorbed,
polymerized, allergoids — (ultra) rush and cluster build-
up schedules seem to have acceptable safety when
carried out under strict medical supervision.

e For high-dose SLIT liquid or tablet formulations of pollen
extracts, a precoseasonal schedule can eventually lead
to long-term effects, but for median-strength SLIT, this
effect starts seemingly somewhat slower than with
continuous administration.

e Precoseasonal schedules with high-dose pollen SLIT
might be more cost-effective.

e OIT schedules vary from less to more aggressive ones;
the latter have a higher rate of adverse events but also
a better final outcome.

e For OIT, the aim is tolerance with ad-libitum
posttreatment consumption, and not only desensitization
while the OIT is taken.

doses during a build-up phase, followed by stable
doses during the course of the maintenance phase
lasting for years. Adjustments of the administration
protocol have been in the field of what is injected
(e.g. instead of a natural allergen in an aqueous
solution, polymerized allergoids or hypoallergenic
recombinants combined with adjuvants), how it is
injected (e.g. instead of slow build-up, a one-day
ultrarush schedule), and overcoming the need for

injections in general (e.g. instead of injections
sublingual, oral, epicutaneous routes of adminis-
tration). Within the same table, we show in bold
some very recent advances published over the past
18 months, exploring how to overcome the short-
comings of classical SCIT, altering this conventional
administration protocol. The review presented here
shall be based on these publications.

Search strategy

Literature searches were conducted in PubMed and
Embase to identify original articles on clinical trials
with AIT in any age group, published between 1
January 2014 and 1 July 2015, and written in English
or Spanish. Search terms and limits were all combi-
nations of desensitization OR allergen immunother-
apy (medical subject heading terms) AND clinical
trial (medical subject heading terms) AND 2014/01/
01-2015/07/01 AND (Clinical Trial) AND (English
OR Spanish). We identified additional articles by
manually searching references from the obtained
articles, review articles, and the authors’ own liter-
ature database. Study design was not a restriction;
preferably full-text articles were included.

Study selection

In the first phase of screening, the titles and
abstracts of the search results were examined, and

Table 1. Protocols of AIT administration under investigation to overcome inconveniences of conventional allergen

immunotherapy

Inconvenience of conventional

schedule Conventional

Alternate forms under investigation

Efficacy not 100%

Too long duration of build-up

Too long duration of maintenance

SLUT: daily for at least 3—4 years

Safety issues

rare fatal reactions

SCIT for food allergy Not safe

Reduction of 30% over placebo of patients
already on pharmacotherapy

SCIT: administration 1-2/week per 3—4 months

SCIT: office administration every 4-6 weeks,
continuous for at least 3-5 years

SCIT: severe AE not uncommon (office
administration warranted), extremely

Enhanced efficacy on adding vitamin D,
adjuvants, using stronger T-cell stimulators
(Tcell epitope peptides), Bell stimulators
(B-cell epitope peptides), peptides as part of
fusion molecules

Rush, cluster, ultrarush

SCIT: preseasonal, precoseasonal

SLIT: better safety — at home. First data on SLIT
HDM tablet

Intralymphatic and peptide immunotherapy:
2-3 months of injections with effect for years

Preseasonal, precoseasonal

Polymerization of allergens: adsorbed to AIOH

Hypoallergenic formulations: allergoids,
hypoallergenic recombinants

Other administration routes: SLIT, epicutaneous,
intralymphatic

Hypoallergenic peptides of food, epicutaneous
administration

AE, adverse event; HDM, house dust mite; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy.
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clinical trials reporting on the conventional admin-
istration of AIT, without any novelty, were
excluded. The second phase of screening was based
on these full-text articles, which were obtained and
assessed for inclusion with the predetermined selec-
tion criteria: first, AIT administered according to a
pattern, different from the conventional one: a
different extract, a different administration sched-
ule, a different route, etc., in individuals of any
age with confirmed allergic disease, and second,
language of publication as defined. Only those trials
were incorporated that reported clinical data and/or
safety data and/or immunologic findings as out-
come measures. When of interest to this review,
preclinical studies — conducted in nonhumans -
shall briefly be commented on, but they are not
included in the summary table.

Data collection and analysis

Data of the articles of interest are collected in
a summary table (see Table 2) [5%6,7%8,9,10%,
11%%,12%,13,14*-16",17",18-22,23",24,25"%,26,27"",
28-33] and shall be discussed in the text. All
changes commented on in this review reached
statistical significance, unless otherwise com-
mented on.

Enhancing efficacy of subcutaneous
immunotherapy: vitamin D

As was previously shown by a Polish study [34],
investigators from Turkey confirmed that adding
vitamin D as an immunoregulator might enhance
the immunologic efficacy of immunotherapy. Chil-
dren with asthma because of house dust mite (HDM)
allergy were randomized to one of the following
three 1-year treatment arms: SCIT along with
vitamin D (650U/day), SCIT, or pharmacotherapy
alone. At the end of the year, asthma symptom
scores and medication score were improved in both
the SCIT groups, but the SCIT along with vitamin D
group children had a higher rate of inhaled cortico-
steroid discontinuation (35 versus 20% and 0%
in controls, P=0.02). Also, although the Der p
1-induced IL10 and TGEFB production was similar,
the vitamin D group showed higher fluorescence
intensity of Foxp3 [13].

Shorting the build-up phase

Investigators have tried to shorten the build-up
phase of SCIT by applying rush or even ultrarush
schedules. Four of these trials were published in the
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time span of this review. Tabar et al. [5®] demon-
strated that a rush build-up with an extract of an
alum-adsorbed Dermatophagoides mix in weekly
incremental injections over 5 weeks was safe.
Administrations started with 300, followed by
600, 3000, 6000, and finally, 15000 SQ-U (ALK-
Abell6, Hersholm, Denmark). Although half of
the patients experience local reactions, only 7% of
the 102 patients had a systemic grade 1 reaction.

Bozek et al. [6] and Cardona et al. [7%] went even
further in applying ultrarush build-up protocols
reaching the full dose within 1 day. The former used
an alum-adsorbed tree pollen extract in an ultrarush
preseasonal schedule of seven injections, 15 min
apart on a winter day, outside of the pollen season.

The latter used only two injections, 0.2 and
0.3ml, 30 min apart directly of the maintenance
concentrate of a dipigmented, polymerized HDM
extract, followed by normal maintenance doses of
0.5ml every month. Systemic reactions were
reported in eight of the 575 patients, receiving
almost 8000 injections in total (1.3% of the patients,
0.1% of the doses). No World Allergy Organization
grade 3 reactions were reported. Although this is just
a retrospective review, the total number of patients
treated and injections administered powers the
results; even so they have to be interpreted with
caution, taking into account the flaw of the design
[77]. The last rush build-up protocol of our review
was carried out in China, reporting an adverse reac-
tion rate similar to the conventional schedule, but
no further details can be obtained, as the publi-
cation was in Chinese [8].

Turkish investigators also tried to shorten the
course of immunotherapy. They were able to show
the efficacy of preseasonal SCIT for pollinosis. In a
double-blind placebo-controlled trial in patients
with seasonal allergic rhinitis, they documented
the clinical and immunological efficacy of a purely
preseasonal SCIT schedule with a six-grass alum-
adsorbed allergoid. In comparison with the placebo
group, the actively treated patients showed a 52.9%
reduction in the combined symptom-medication
score, as well as a statistically significant rise in
serum-specific Igk and IgG4 and a reduction at
the end of the season in the allergen-induced
CD203c basophil activation [9].

Finally, a shortened 1-week cluster updosing
schedule with a high polymerized mixed grass-rye
pollen extract was shown to be well tolerated and
effective by Klimek et al. [10™] in a well designed
double blind placebo controlled (DBPC) trial of 121
dual grass-rye allergic patients. The short updosing
phase was well tolerated and systemic adverse
events, mild in intensity, were reported in only
0.8% of the injections.

Volume 15 o Number 6 o December 2015

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



New allergen immunotherapy administration schedules Larenas-Linnemann

(penuyuo))

uospas pig
JoD 851 XG ||S PUD ‘UOSDaS
15| 1ayp asu x0y 7B *(SN)
ogeop|d snsieA uosoes yoad
{D 21005 DY Ul UoHINPaI
%0€ “A2003 "JySY|

oN ‘Buisopdn Jeyp Aop sy
juayod | ul enByoy a1eAss jo
asnooaq ‘Bow G4 0f paonpal
asop pauupid |puly :Ajejog

"ogednid ¢ ‘11DS §1 :Ddad

suoyoalur ayy

10 %8°0 Ut 3V PiW "0gop(d
SNSIOA PIONPaI 810§
paw-dwAg pauiquoo ojo)
‘Buisopdn Jsjsn|d yeem-|

Hoyg 'siuend ¥vs [z 1 ‘Dded

dnoub || ui uosoas

uajjod yoad jo pup ||DS
pue jo uoyoALOD |1ydospg
uoyonpay 36| pup 5B
oyioads uy esty “oqeop|d
SNSISA []DS Ul Jokeq %,6°CS
21005 pap-dwAg pauiquod

aBoieAy YvS L€ 'Dd8d

1| [puoHUSAUOD
SD 9Jps SO ysny /=N
“dn-p|Ing [puoHUSAUOD

SNSIOA Ysnl pa||o4uod Cwo_o

Z 1o | epoib

a1em ||y *(dn-pjing Butinp
Bupinp aiem z) sjuayod
G/S/8 ul 3y dlwaishs

D Ul paj|nsal suoydalul

0008/8 Aiejpg "sibek ¢g

—| ‘sjuayod G /G “aAlpadsoljey

pasemod

-19pun Ajiapay

Apnig :3AYD SN sdnoib
usamjaq eoualeylp ‘sodeid
$81025 UOHDOIPaW pup
swojdwAs ul uoyonpay ‘sIpak
€ Jeno s|npayds dn-pjing
|DUOHUSAUOD SNSISA YSNIDH|N

|puospasald “YVS ZZ :Dd9d

1dS uoyonpai-ubis
‘7B) "10j004 Bupyoolq
36] esuuBis :Aopoyyg
‘sjuayod G ul (| epoib
olwashs / ‘(siusupd gy7)
[P20] Q] :(¥qy) Ssuouonal
Bnip esieapy :Ajejog
‘syeam ¢ ur esoyd Buisopdn

MAN DYV 0L =N "uedO

(enBuyoy
puo
oaud

sAp)
|qo4
-deooy

pooo

Djop ON

poos

pooo

sdnoiB

Yioq ut
swog

|qo4
-deooy

(ropd)

SN 9
poob
swoag

pooo

pooo

|oLy
Ajojog

oLy
ETLIS

(pasemod

-1spun)

poob
swoag

poob

olsIuDYdBYY

1Sz
‘1 '/ skoq

m_._:._OE zl \A_r_«r_oz

pjop ON Djop ON

syjuow gz | Ajyiuoyy

paipis joN Ajyruowy

|ouos Q0up
-nosaud X ¢ -usjuIowy

oLy
Buisop

-dn Aluo Ajyruowy

HOIV

+ mw_ozmmm

Buiddpjieno
snonBiuo?)

Bow /4 uayy
pup Bow | ¢

Bow gg
‘'8¢ ‘TSl '8’

(sedoyda |joo-|)
sepydad | A jog o8

s|oAIBjuL
uwog

Aop | 7102

JW/NL 000 Q| SIo4uSdUOd SdUDUBUIDW JO
£ Aop [wgQ pup g0 {| Aop [wZ'Q pup |0

usjjod
ak1 + sspib-o S

 [gg0ll
PRYeW 10T

WG 0 HOIV

|ouos LN
oeseid AluQ  syjuow g-¢ -1 AieAg

[6] o 40
nwepzg dey 10z

|w/nL

0001 410 HOlv-probis)ly ss0iB-9 oy

ssaulyD ul

3 1X®} ||y 4OPHSGD Ul PB|IDJIP JOU tysny oS [8] ‘o 12 ni® 7102

pazuswAjod o4

9|DJJUSOUOD SOUDUBJUIDW JO -
pajuswBideq WaH oS ‘|o §o PUOPIDD 7102

JWwgo jwg g puo z'0 #pdo ulw g ‘Aop |

(Aipnupf-Jequiedeq) App | uo o

‘fipdD UlW G| ‘S9SOP SWIDS 1YsNIDL|N

sy9em z A1eAs W G Q X 7 usyy
“Feam/|w 7°0 ‘2°0 ‘L0 :|PuoHuUSAUOD)

HOIVY [9]

uipw oN| usbis||y us|jod sa1] oS ‘Ip 48 yezog 7102

AGLA9 xiu
-3€-009 asop yBiy uy sepioboyd rm_

OsAGlL Apeam + S 00€ HOIV + uabia|y -ojowisq oS [P 48 ibqo| gLoz

YoM G

SH}IDWaY

Koy

LELRIITE]

uoyping AKduanbaay

asoq uoyping Aouanbaiy asoq uolPUIqWO0d3d uabusjy ajnoy Joyny  1K/30y

dubudjuIbW

/IPAnIDN

dn-pjing -

$|02040.d UOHDUSIUIWPD [9AOU UO SN0} G |07~ 10T S|P Adpisyounwwi usbis)y g ajqpL

559

www.co-allergy.com

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

1528-4050 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



SAIOD Ul
a10W '3y [P2O] piw :Ajeyog
‘syjuow g jo sebubyd
aujoiko pamoys siepuodsal
poog *sdnoib (¢6) ogeon|d
pup (%59) LIS “yioq ut 81035

woydwiAs G |pjo} Jo uoldNpal -opjd woy XTI [81]
uBistyoys :hoooyy ‘| L =N pooS)  jualeyip 1oN syjuou g N9OM/E ¥l 00E YIM |w | SPOM 7 Ajiog 3 00L © | ‘uabis||y WaH 1S ‘[P 42 1aiod glLoz
Bujussiom

PWYISO OU ‘JyS ON|
*sixojAydoup alerssuou suQ

“suniydauide pesn ogeop|d BESIN | b quy
L puo (dnoiB | o quy z1) € a|qpi pipp 5407 Bowg| (2]
‘sl Ddgq ¥ Jo Pipp padnois) deooy  Apjos Alug  ‘syeem p jo ¢ Ajiog pup ‘9 ‘G| Buisoq -dn oN uabiayy DisoIquIy 19|q04 15 o 2 BjjoN| 10z

Jv Buiusjoaiyiey

paipjau-juswioaly Alqogoud Jo

sixpjAydpup oN Iy dlwalsAs

[P189ASS "OS @ pup €

Ym Jy siow :Ajgjpg “bwiyiso

Jo |oH4uod Bujuipjuipw

asn gD| ul uoyonpal

:Aopog “sjuslypd oyowyisD

juaysisiad sjplepow—pjiw 1 59 o4 r 91]

‘sipak 4+ | 'y09 = N 'Dded pooo  s|qpidecoy syjuow 7| Aipg  ©S 9 pud ‘g ‘| Buisog -dn ON uebie|ly (ja pur 4da) WaH BRSP4 PRGsOW  ¥10T

d1 00€ PUP 00G 24k

§0 %0L PUP 8| | IV [P29]
o} anp jnodoip ‘sixpjAydpun
ON "X¥4O J0oA-| Jayp joaye
pauIpIsng “%6°£1—/2°0C—
23l 00€/00 ©9e3pd

upyj Jeyaq ubis 8100s

wojdwAs paysnlpo abpiero (Bowoz1/82 ¥l 00S ‘00
Aopoy3 “suuiys d1BI3||o yim 2[qo} L4/dJeg=)  ‘00¥ ‘00€ ‘00E ‘00Z ‘00Z ‘001 ‘00 =sApp laaSL]
sip3A 0581 ‘605 =N 'Dd€d -deooy pooo Syjuow | Ajieg ¥100S 4° 00€ 6 '3 00§ ‘00€ '00Z ‘001 =sAopg ¥l 00€ usbiz|ly (jg pue 4da) WaH $[qo4 1S o 4o uudwibieg y1oz

SUIB0UOD AjoJDs ON| "SAldBYe
59| A||DoLIBWINU S € pup

| "8100s SyIUIYI pauIquIod
_th\/:o_hu:vmﬂ Qam.wmv (y1owueq _ |

1S § 104 :Aopoiy] *(pwyyso s 9 ‘wjoysioH 71

syl o1B1g|p ‘y09 =N "Ddad poos  poos :OSY Ajiog Jogio | Buisog -dn oN usBie|ly ‘Ol[eqy-31v) WaH 1e|q04 1S ‘o 4o qulmgmo<< S10Z

949 pup

0171 peanput | d Jsq ul osu
POMOYS yiOg "S|OHUOD SNSIOA
$21005 payy pup jdwAg
owyjso paonpai sdnoib
1IDS yiog ing "adusdsaiony
€ d xo4 Jaybly pup g5
uoypNUKUOsIP ajou 18y By

QA + LIDS "817oHu0D ‘G| (S
1DS ‘ZL=€A VA + LIDS=N 82/5'9 (Aop/n [el]
‘papul|q JojoBuseaur ‘| Dy poos pooo syuow gz | Ajysuoyy i §/d 1eq sYedM 9| Yeam/|  Buisop |onppigy 059) €Q #A + WaH oS ‘Io 4@ s1og 7102
BEEIN
pooo syjuow 9 Apteom W90 8l-LL Feem/ [PruswBIOU| oS
$UJ92U0d Jolpw ou
:Ajeyog “saipoquuo Buryoolq
puo OB A|p1oadse ‘11g < poob
11D sebupyp |ooiBojounww) 1108 Bow 001 /S
‘uado awos ‘Hygq swog “1p|nBal syiuow 9 :1/z Bog
SHOPR QL FLIDS "USIPIY 66 1ns ‘syuow ¢ =|w0Ss 0+ [getl]
‘SINPO G 1[1S ‘S|Pt soid ¢ poos)  :dusiubydBy ‘shop G| Ajiog JwWzyo Aop | sesOp g 10 G usbie||y YoooyP0) 18 ‘[P J2 POOAA 7102
SHapwWaY Kyoyog Kooy uoyping A>uanbauy asoq uoyping A>uanbauy asoq uolpUIqWOodaL uabia||y ajnoy Joyny  aK/jey
/IpanioN
dubUBUIBY dn-pjing tuied

Immunotherapy and new treatments

(penuyuo)) T a1qpL

Volume 15 o Number 6 o December 2015

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

.co-allergy.com

560



New allergen immunotherapy administration schedules Larenas-Linnemann

(penuyuo))

sixojAydpuo
ON "uospas Ay Buninp
11S-MY Ul 0qeop|d snsion
uoyonpal et :Aopolg
DYV Ym sinpR 6 Odad
Jv olwaishs
219A8s OU :A}9JDG *s|0U0D
sNSISA paspaldul yOB| os|y
‘UBlp|Iy> Jep|o 10§ S G—¢
ua1p|iy> 1oy swog *(10'0 >d)
uolPIIPaW PUIYSD
59| pup 03K §s| 8y} jo yind
PuOD3S BYj} S|OLUOD SNSISA
11S u! Juswaaoidwi a1ow
:Aopoyg “(sipeh G-¢ ige )
sipak g =g UBIP|IYR 79T ‘1Y
{iJouaq ou :bwyysp yusysisiad
pJiw 104 *SD| 4O UoHONpaL
18j0216 pup ogeop|d snsiea
SAOD Ul jusnbayy sjow
|044u0D |DJO} /||oM DWYISO
ajpiepou 1oy :Ao0dIKT “Ddgd
"SOUDWYISD JNPD 8% =N
SMDJ}
Jayjo puo pasemodiepun
1JAYD "seduslsyip
dnouBisjur opN "sdnoiB
|[o Ul juswanoidui Jupoyiubig
‘ualp|iyo paziisussAjod
G¢ ‘paziisussouow | =N

dnouiB sAlpD

Ul 3y |00 jusisuny Ajuo

‘JyS ON "0geop|d ubyj aiow

‘uBis ‘9| G 91005 uoyOOIPaW

uoydNpal 1|18 ‘%L

SNSIOA 79 91005 WojdwAs

|OSDU |DjO} UOHINPRY “YYS
Apspe '£e~ 1y =N "Dddd

payiodas seouaiayip

dnoiBisjul ou ynq ‘suljesoq

JsuipBo juswaroiduwi

uBis jojg “|oUOHDAISSAO
‘aAdadsold ‘g | =N

G/ [PU19 (7 S

4D sjoluoo uado snsiaA |[18

ul peonpal aow QyY0DS

*Buipui|q JojpoBysanur oN
‘av "33 =N "wopupi ‘uadm

dnoiB

0qgeop|d ul 8sn uoyodIpaW

u as1y “uouONISqo

Joy ydeoxe ‘uoyONURUODSIP

Joyp Joah | juswanoidwl |Hg

‘0q@op|d $nsI9A |15 yiuow

-7z Joyp swoydwAs |psou

||o ur yuswanoidwi uBisipig

'09-09 =N "wopunl
‘uadQ vy [esauryd ul]

uBisep uj smbl} :JAYD

‘yloq U1 swps ayy Ajjooyonid

OTOY PUP SYA Ul uolonpal

100A-AgripaA :x0ZDIS)

(0€ =N) [ptuussad snsiea
(6=N) 02214 ‘|pUOHDAIBSGO

pooo

3vS °N

3vS °N

VS °N

pooo

ojop ON

PIIW

Djop ON

Djop ON|

poob Aisp

pooo

pooo

poo)

poeoo

ojop
JLETCROIN|

(gse1q) pooo

poco

Ayjonb
(moy)
[FeeD)

|ouospasodeld Ajieq
syjuow z | Ajiog
syjuow 7| Ajieq
SfeIM ZG 8

sk ¢ X

|ouospasaid
syjuow 7 Jeam/G
syjuow 9¢ Ajiog
syeam 7/ Ajiog
syuow g paiois JoN

snonuiuod

syjuow 9g 1o odald A|IpQ

(L P quy

Bow og

:doy) esop
paipIa|o) “XDY

|w/Bow gge
WG

Bow0g/87 ‘1
§/d 12q ¥4I 00€

dlove

41 00€

8uo 1S

paibis oN

1OS A5/

eojo
ur Abp | sjpassjul ulw O

sjeem ¢ Ajiog
Buisoq -dn

4 e

shop Ajiog

2 2

°N ON

paiois 1oN paiois JoN
°N SN

Bow 05-50°0

°N

dlove
—0¢1-09-0¢€

°N

paipis JoN

°N

usBis|y

usbie||y

usBis|y

usbie||y

usBis||y

usbie||y

usbis||y

paipis joN

usBis|y

peamBpi pioyg 18
apuLIDy
sapjob

-pydojpuiiaq 1S

WaH pinbi| 15

WaH 1S
pinby| ‘ssoib-g 1S
(|p1ojo)s) x1w
usjjod |piaAeg 1S
WAaH 1S
WAaH 1S
XDZD1E)
— 19|qp} ‘sspi) 1S

(w22l

4\0 4@ sodljal)

[ozl]
4\0 Fic) OUr_m

[g5tl
4\0 \mlD:G\(/

[vel o4 11

[gecl
‘|p 42 Mjez0g

[zzl
.\D 4@ 1upJ|

[1z] o te
ozualy Iq

loz] noyz
pup Bupny

[1] o 42
ou r_U®C0v_ UZ

¥10¢

102

102

y10T

y10T

y10C

102

102

Sgl10C

561

www.co-allergy.com

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

1528-4050 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



Immunotherapy and new treatments

‘[ 1¥'0r] wouy pipQ “isay youd upys ‘14 ‘Adpisyjounwwi snosupjnogns
‘11DS ‘snoaupynogns ‘g ‘Adpiayjounwwi |oio ‘110 ‘N4D 0101 X T ¥TLE | DDWDD snsouwpys snjjiopqojon] "y ‘Adpisyjounwuwy ‘|| ‘upjnapiajul | ‘uiingqojBounwwi ‘B ‘spioiejsooyiod _um_l_u;c_ 'SD) ‘pa|joHu0d ogedp|d puljq d|qnop ‘Ddg(Q ‘1udAe 8sI9ApPD 'y

pue sy} 1o AiAOD
|ououduny sy 1o yB|ds
Ul S90UIBYIP OU /[oaym
1dS 43|jows 36| |pjos/36|ds
‘2 Yyoiy ‘| Yoy ‘jnuped
104 36| 1emo| :90uDIB|0}
o} pajojau aBus|joy o
juswow ayj 4o pup suljesnq
4o sieyiow |po1Bojounwwl
|p10Aag “passod
¥2/2| epmod jnupad
Bw000S YM D448
'si0aA G paysiuy g — sipak
QL= — usIp|Iys 6€ S4 4O
(3vs el
WM PIIYo | ing) %z snsioa
G IV ©19A8S Yim ualp|iyd
:Ajoypg *dnoib eAloD Ul
3y 8low :Ajejog oqeop|d ul
%9°€ $NSI9A ||O 4nupad puo
oyoiqoud Jo % zg Huswipay
JO UOHPNUKUODSIP oD
$}0aM G—g SsauaAisuodsaiun
pauipsns 8|qissod "Ddgd
jusyod |
ul pasn aulpualpy ‘Jy [020]
Apsow :Ajejog “paypIs|o) % | 4
110 Yiuow-9 4oB sjoyuo)
:asoyd pug "eoupis|o} ou
:sjo14u0d 9y ‘Ajiop synuoed
G peipI9iol %18 11O 6€
:aspyd 45| seyo Aoooyg "] DY
Aypruebis|p paonpal
A|Buoys ynq ‘AyoiueBounwiwy
pooB moys saipnis [po1uIPalg

JV 21oAss
ou :Ajeyog ‘dnoib eaion
utesi NWad wolj o L-1I

pup 96| oy1padg “uospas

uajjod sy} Buunp 2100

paw-dwAs puo swoydwAs

panoidu) *so1B19|p usjjod
10pa)) g7 (3) [ouuod usdo

papuadsns

Som %Ta—w .:O_w_ULjD

Yim (£€0°0=d) Fvishs

pup |poo| alow :Buiddoys

-adpy X | SNSISA B|00f YiM

uolsigp Ypm uiys Butiodeid

"11d3 40 ARPS 86 =N

3v 4o
Om:OUOQ
_U®CO_U
-u OQO
6£/9

:5109K G U

Jo|nBay

ino doip

IV %€

pooB

{|p21ulPRIY

‘_O*Ow

ado|

a|qoydasoy

pooo

a|qoydasoy

poob
‘|ootudaIy

ojop ON

siDak ¢

syjuow g |

syjuow ¢
pugz ‘syjuow
9 asoyd js|

(jouospasaid
yjuow |

HDJs) syjuow g

doys wuspely

Ajeg

A

Ajeg

YoM

0 90U yg

Bw 000y XPW

a1+ 6z

Bwos-z

W/l
00Z 40 |WG"|

> 9y Ul $}99M 7 AI9AS sjusWSIOUl 9SOp

Aq pamoj|oj ‘uolp|oase asop [pHIul Abp-|

BESIN
Z Aioas
asopdn

‘syjuow g Ajieq

dn-pjing syjuow
8 ‘ysni Aop-|

Bui ooy pup

‘00z ‘001 ‘0§ ‘ST ‘STl ‘ST

DOIUlS By} ul )M 7 Aiore sjuswalidul 8so

dn pling

ON ON

ON

°N

Jopmod jnupay

usBis|y

1opmod jnunay
(uoypuiquodas
‘a1usBis|podAy)
Jupjnpy

ajobBnluoo
upuupw
-0pp|pb-| | A1)

usbie||y

[e€]

e ABPIA 10T

inuoay [sXle)

oyjoiqoud

+ Inupay IO [zel jpse Buny  gloT

[Le] o

nojsouBouy

[og] P so
upleBuof
-199WpInZ

102

1nuoay [oYe)
(ABigp
ysy uebig|p

Jolow) | > dipy S Sloz

ABus||o pooy

l6Z]

usjjod Jopa) [PIO [P 2 1woyDINYY 7102

[8Z]

usjjod sspiB-g snosupjno-id3y o 4o SOOW UOA 7102

Sapway

Koy

LELRIITE]

uoyoing

A>uanbauy

asoq

uoyping Aouanbauy

asoq

dubuduUIbW

dn-ping

uoyDPUIqUIO
/IpanipN
uuog

uabua|y ajnoy Joyny  1K/jey

(panuyuo)) T a9eL

Volume 15 o Number 6 o December 2015

.co-allergy.com

562

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



New allergen immunotherapy administration schedules Larenas-Linnemann

Subcutaneous immunotherapy with allergens
that lack clear dosing guidelines

After the team of the inner-city consortium found
that cockroach seems to be of major importance in
patients with inner-city asthma, the investigators
decided to search for the ideal schedule of immu-
notherapy. As sublingual administration is safer and
easier to take at home, it was decided to try and find
the optimal sublingual immunotherapy (SLIT)
administration protocol. The first two trials were
conducted with a maintenance dose of 0.42 ml daily
(approximately 3685 Bioequivalent allergy units,
containing 4.2/50 mcg of Bla g 2/1), and in a third
arm of the last trial, this intermediate dose was
tested against placebo and a four-fold higher dose
(0.84ml b.i.d.). However, after these first three trials
of high-dose cockroach SLIT in both adults and
children did not yield convincing immunological
results, the consortium conducted a 10-patient
pilot, biomarker-driven, trial with cockroach SCIT.
The results of these four pilot trials on cockroach
SLIT (N=18,99) and SCIT (N = 10 adults) were taken
together and published in one manuscript in 2014.
The investigators conclude that the capacity to
induce immune changes seems to be higher in SCIT
than in SLIT [12"]. The lack of SLIT to induce con-
sistent immunological changes might make them
decide to choose SCIT as the direction for future
trials of cockroach immunotherapy.

Subcutaneous immunotherapy with altered
molecules

The European regulatory authorities published new
guidelines, compelling in nature some 7 years ago.
In these guidelines, authorities insist on the better
definition of the allergen extracts, the precise deter-
mination of its allergen content, the demonstration
of its stability, and the complete pharmacologic and
toxicological documentation. This is often difficult
to obtain with an extract based on natural allergens.
As such, novel preparations based on single pure
allergen molecules or synthetic peptides could be a
viable option. Two interesting studies were pub-
lished in this area in the time span of our review.
Apart from group 1 and 2 allergens, the recently
discovered Der p 23 also seems to be an important
HDM allergen. A group of investigators from Vienna
identified a nonallergenic peptide from the C-ter-
minal IgE epitope-containing part of Der p 23. This
peptide was then fused to the PreS domain from
hepatitis B virus and expressed in Escherichia coli.
Upon immunization of rabbits, this fusion protein,
PreS-2XP4PS5, was able to induce a strong anti-Der p
23 IgG4 production with blocking capacity, inhibit-
ing the binding of patients’ IgE to Der p 23, as well as

1528-4050 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

the production of Thl-type cytokines, but without
allergenicity [35].

Epitope-binding peptides such as this might be
promising for immunotherapy in the future, as -
compared with natural allergens — they might be
able to reduce adverse events related to IgE binding
and reduce the number of immunotherapy shots,
because of their strong immunogenicity.

Very recently, a group of investigators published
on the safety and immunogenicity results of presea-
sonal SCIT with AllerT, consisting of contiguous
overlapping peptides of Bet v 1, which were T-cell
epitopes, with undetectable IgE binding. After a
1-day dose escalation of four applications, followed
by three weekly injections and a final injection on
day 51, amarked rise in serum-specific IgG4 could be
obtained, which lasted even 3 years after the immu-
notherapy schedule. However, several patients
reported fatigue and some dyspnea in the active
group, which calls for some attention, even though
no serious treatment-related events were reported
[11%].

Classical SLIT treatment, as started since 1986, has
been with daily administration of drops from a
liquid formulation of a grass or HDM extract, gener-
ally in patients with seasonal allergic rhinitis. About
a decade ago, SLIT grass tablets have been developed
and after multiple large DBPC trials documented
their efficacy and safety, these are now on the
market, both in Europe and in the USA.

Over the past 18 months, novelties in this area
have been the documentation of SLIT efficacy for
SAR in alarge group of very young children [26] and
in elderly patients [36], the comparison of SLIT
efficacy when given in a precoseasonal schedule
versus a continuous schedule, dose-finding studies
for SLIT tablets of HDM [14""-16""] and short rag-
weed pollen [17"], dose-finding studies for liquid
SLIT of short ragweed pollen [27%"], and SLIT for
allergic asthma [16"%,25"].

Sublingual immunotherapy in the very young
or elderly patients

Although SLIT efficacy has been shown for children
from S years onward, a discussion still remained
concerning its efficacy in children below this age
limit. Shao et al. [26] conducted a randomized con-
trolled study of SLIT with Dermatophagoides farinae
in 264 children (3-13 years) with allergic rhinitis
with or without asthma. Among these indivi-
duals, 133 were between 3 and S years of age. SLIT
showed a significant improvement in symptoms
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and medication after a year of treatment, as well as a
rise in specific IgG4. Moreover, the investigators
comment that there was no significant difference
between children less than or more than 5 years old
in terms of clinical efficacy, onset of action, immu-
nologic parameters, and safety.

At the other extreme of life, Bozek et al. [23"]
recorded positive outcomes of SLIT in a DBPC trials
in elderly patients with seasonal allergic rhinitis,
reporting a reduction in total nasal symptom score
of 64% as opposed to 7% in the placebo group,
accompanied by a 51% reduction in medication
score. Moreover, there were no safety issues with
the liquid formulation of SLIT used in this trial,
dosing 240IR, 20% lower than the regular SLIT dose
of 300IR.

Precoseasonal versus perennial sublingual
immunotherapy

Four years ago, a precoseasonal schedule of SLIT
attained the same efficacy as perennial SLIT, but
only after the third year [37]. One year later in
2012, a 2-year precoseasonal schedule of high-dose
grass pollen SLIT was as effective as perennial
administration to bring about clinical and immuno-
logical changes [38]. The short ragweed trial stim-
ulating patients to take the highest tolerated dose —
top 50 mcg — showed marked clinical improvement
with only one course.

The short ragweed pollen desensitization pro-
gram of a liquid SLIT product (Greer Inc., Lenaoir,
North Carolina, USA) has several novel aspects. First
of all, patient selection was not based on the wheal
but on the flare diameter presented at skin prick test
(SPT) with short ragweed pollen extract. Further-
more, patients were given the maximum tolerated
dose; treatment was started 8—16 weeks preseaso-
nally with an in-office updosing with 20-min inter-
vals until S0 mcg Amb a 1 or the maximum tolerated
dose and continued throughout the short ragweed
season. Selecting and treating the patients in this
way led to an improvement in the combined symp-
tom-medication score of 43% over placebo [27"],
one of the highest percentages reported in a SLIT
trial. Moreover, a rise in serum-specific IgG4 and IgE
was detected in the active group.

As for the precoseasonal administration versus
the continuous, perennial administration of 3 years
SLIT, new data were published in a brief manuscript
[19]. However, as the study had some very serious
flaws (being a retrospective chart review, heavily
underpowered with only nine patients in the pre-
coseasonal group and without adequate medication
scores nor pollen season data), the conclusions are
probably not solid. It is, however, a good idea to

564 www.co-allergy.com

simply have all patients, coming in for SLIT, fill in
some questions to obtain more real-life data on SLIT
efficacy. If this is all undertaken in a well planned,
anticipated manner, the results might be of accept-
able quality to be considered as valuable evidence.

Sublingual immunotherapy with nongrass
tablets: house dust mite and short ragweed

After the good results with the grass pollen SLIT
tablets, both manufacturers have published dose-
finding data on HDM SLIT tablets over the past
18 months, be it one in patients with allergic rhi-
nitis, the other in asthmatic patients. The first dose-
finding trial with HDM SLIT tablets recruited 18 to
50-year-old patients with perennial allergic rhinitis.
Tablets with 300 and 500IR were tested against
placebo (SO0IR=28mcg Der p 1 and 120mcg
Der f 1, as measured with the kit from Indoor Bio-
technologies, Charlottesville, Virginia, USA). The
administration protocol consisted of a short build-
up phase of 3 and 9 days for the 300 and 500IR
tablets, respectively. After 1 year of daily dosing, the
placebo group reduced the mean symptom score
from 7 to just below 5. Even so, a 17.9 and 20.2%
reduction in symptoms over placebo was detected
for the 300 and 500IR groups, respectively. Interest-
ingly, after only 1 year of treatment, investigators
were able to show a statistically significant, sus-
tained effect of symptom reduction 12 months off
treatment, more or less in the same range over
placebo, even though the placebo group reduced
its mean symptoms even further from below 5 to
below 4 [15"].

Simultaneously, a safety trial was conducted
with a fast-dissolving HDM SLIT tablet: 28 days of
daily dosing showed that doses up to 12 develop-
mental units were well tolerated, whereas one 16
developmental unit patient discontinued because of
an adverse event and 32 developmental unit caused
a severe adverse event in another patient, leading to
discontinuation of this dosing group [39].

A few months later, the HDM SLIT tablet data
from a three-dose, placebo-controlled trial (1, 3,
and 6 developmental units) were published. Here,
no clear dose effect could be shown, as the 1 and 3
developmental units did not differ from placebo,
but the only effective dose was the 6 developmen-
tal unit. The 6 developmental unit was able to
reduce the inhaled corticosteroids (ICS) daily dose
with 81 mcg/day and 34% of the patients got com-
pletely off ICS [16™"]. In a post-hoc analysis of the
subgroup of patients with allergic rhinitis symp-
toms at start, the 6 developmental unit dose was
also the only statistically significant effective one
[14"].

Volume 15 o Number 6 o December 2015
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Immunological changes

Comparing the immunological changes induced by
SCIT and tablet SLIT in grass pollen allergic patients,
it was shown that both induced similar changes of a
rise in specific 1gG4 and competition assays (IgE-
blocking factor, facilitated antigen binding, and
basophil activation test) in comparison with a con-
trol group; however, these changes appear earlier in
the SCIT-treated patients, and in contrast with SLIT,
the initial IgE rise is more pronounced [40].

OTHER ROUTES FOR IMMUNOTHERAPY
WITH INHALANTS: INTRALYMPHATIC,
EPICUTANEOUS, ORAL

A group of Swiss investigators has been developing a
modular allergen translocation vaccine, in which
part of the allergen is coupled to a translocation
segment that leads the allergenic protein to the
Golgi apparatus. The product was tested in the form
of three intralymphatic injections that were able to
induce allergen-specific peripheral tolerance of T
cell [417].

Some preliminary data on oral immunotherapy
(OIT) with a cedar pollen Cry j 1 galactosamannan
conjugate in 23 patients with allergic rhinitis were
promising, but these are just pilot data that
definitely need confirmation [29].

An epicutaneous five-grass pollen immunother-
apy (IT) trial was put on preterm halt, because of
unacceptable adverse reactions [28].

ORAL FOOD IMMUNOTHERAPY

The recently conducted trials with oral food immu-
notherapy generally follow this protocol: a short but
intensive rush dose escalation, of 1-2 days, con-
ducted in the hospital, followed by a build-up phase
of 6-8 months, consisting of 2-week intervals of
daily sustained dosing at home, each terminating
with an in-hospital rise in dose to the next level (see
Fig. 1) [42,43]. Both SLIT and OIT with food exert
effects on innate and adaptive immune responses
driven by dentritic cells, albeit in a different way
[43].

Oral immunotherapy peanut

In patients who pass a double-blind placebo-
controlled food challenge (DBPCFC) at the end of
a food immunotherapy trial, the main question
always is if this detected unresponsiveness (also
called desensitization) is dependent on the daily
ingestion of the food, and thus lost after discontinu-
ation of daily ingestion, or if this is a sign of true
sustained unresponsiveness (also called tolerance).

1528-4050 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

1-2 weeks,
daily at home

Updosing

5 at clinic

1-2 weeks, 4
daily at home ‘

’l Updosling

Initial escalation

Protocol of oral immunotherapy

Maintenance
Build-up phase

Dose ——

Food challenge

|
\ Time ——————

Initial escalation

FIGURE 1. General administration schedule of food oral
immunotherapy. The initial escalation phase is generally
carried out during 1-2 days in-patient. Thereafter, the build-
up phase consists of a dose augmentation every 1-2 weeks
at the clinic, followed by home administration of the highest
tolerated dose during this build-up. Adapted from [43].

Thus, in the most recent food immunotherapy
trials, patients are called back for a last food chal-
lenge 1 month after discontinuing the food under
investigation. Sustained unresponsiveness was first
documented after egg OIT, but egg allergy is fre-
quently outgrown. Vickery et al. [33] also showed for
the first time sustained unresponsiveness after
peanut OIT, with 4000mg peanut powder daily.
Twenty-four of the 39 patients, 1-16 years of age
at study start, who completed a 5-year protocol of
peanut OIT, underwent a DBPCFC to a total of
5000mg peanut powder, 1 month after study end.
Fifty percent (12/24) passed this challenge and in
this reviewed manuscript, it was shown that passing
this last challenge was related to a smaller SPT at
baseline and after 5 years of treatment, as well as to
lower serum levels of IgE directed to peanut, Arah 1
and Ara h 2, and a lower specific IgE/total IgE ratio at
baseline and the time of challenge. However, no
differences in specific IgG4 or its functional activity
could be found between those who passed and those
who did not pass the challenge [33]. It is worthwhile
commenting that even those who did not pass the
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final DBPCFC tolerated a mean of 3750 mg of peanut
powder, equivalent to 12 peanuts.

Investigators from Cambridge published the
results of an updosing protocol, slightly different
from that used in the studies discussed earlier. Defat-
ted peanut powder was mixed into food: gradual
2-week increments in peanut powder were admin-
istered in the clinic and then continued at home,
without an initial escalation phase. Protein doses
were 2, 5, 12.5, 25, 50, 100, 200, and 400 mg and the
final target dose in this trial was 800 mg daily
(approximately five peanuts), a fifth of the dose
used in the protocol discussed earlier [31]. Half of
the peanut allergic children, randomly selected,
were given the desensitization protocol from the
start of the study. The other half served as controls
during the first 6 months. After a DBPCFC at this
time point, the controls were also offered the desen-
sitization protocol for the next 6 months, when
another DBPCFC was conducted; 62% of the OIT
group and 0% of the controls passed the first chal-
lenge and after the second phase of 6 months of
peanut OIT of the controls, 54% of them also passed
the challenge. Several differences with the protocol
as discussed in the trials earlier should be noted: this
latter OIT schedule does not use an initial dose-
escalation day and the final OIT dose is only a fifth
of the dosing by US investigators. Most importantly,
the DBPCFC is conducted with only 1400 mg peanut
powder, as opposed to 5000mg in the US trials.
Finally, the latter trial only documents desensitiza-
tion at study end, but there is no challenge after
a nondosing interval. Thus, it is not clear if this
protocol also was able to achieve sustained hypo-
responsiveness.

Immunologic changes with food
immunotherapy

Several investigators reported the immunological
changes brought about by SLIT and OIT with food,
but a discussion of these goes beyond the scope of
our review [43-45,46"].

Over the past 18 months, some new data on immu-
notherapy schedules have been published, both for
respiratory and for food allergy (see Table 2). Admin-
istration protocols have been presented, differing
from conventional IT in timing of dosing, dosing
quantity, novel extracts being used, and novel
routes being explored. In comparing data, it is man-
datory to pay attention to the details of the admin-
istration protocols as commented on in this review,
as well as the exact extracts used. These all probably

566 www.co-allergy.com

make the difference between success or failure and
between acceptable or nonacceptable risks of certain
treatment. Especially, we would like to draw the
attention of the reader to the successful ultrarush
protocols published, which were conducted with
polymerized and/or hypoallergenic variants of the
natural allergens.

This review leaves beyond doubt that this is still
an ever-evolving field in which much has been
learnt, but in which still much more is left to
be learnt.
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