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Abstract

Background: House dust mite (HDM) sublingual immunotherapkl{3 has proven to be effective
for allergic rhinitis (AR), but its efficacy varieamong patients. No candidate biomarkers for
prediction of response to SLIT are available. Pirig a matricellular protein, is involved in
pathophysiology of AR, and its serum levels refl@ctvay allergic inflammation.

Objective: To evaluate the relationship between serum pmitessels and current rhinitis control
before and after standardized quality (SQ)-HDM Slafid to investigate the role of periostin in
predicting clinical response.

Methods: One hundred eleven subjects with HDM-induced ARewandomized to receive either
SLIT plus pharmacotherapy or pharmacotherapy alkone.8 weeks. At enroliment and the end of
study, clinical characteristics and biomarkers theltuided serum periostin, serum HDM-specific
IgE (s-IgE), total IgE, blood eosinophil counts dldinoconjunctivitis Quality of Life
Questionnaire (RQLQ) were measured. Associatiowdst clinical indices or biomarkers and
clinical response to SLIT were analyzed.

Results: A response to SLIT was recorded in 64% (32 ofg#)ents. High serum periostin levels
(> 30.2 ng/mL) was associated with an effectivpoese to SLIT, and the magnitude of RQLQ
improvement was correlated with the level of separiostin. The sensitivity and specificity based
on receiver operating characteristic analysis &igstin were higher than those of s-IgE.
Multivariate regression analysis showed that sguaniostin was independent factor for SLIT
responders.

Conclusions: Serum periostin appears to be a useful biomarkgsridicting the response to SQ-

HDM SLIT in patients with AR.
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Highlights Box

1. What is already known about this topic?

House dust mite (HDM) sublingual immunotherapy (BLik an effective treatment option for
allergic rhinitis (AR), but its efficacy varies ass patients. To date, no validated biomarkerghior

clinical response to SLIT are available.

2. What does this article add to our knowledge?
High serum periostin levels at enroliment prediictical response to SLIT, and this value correlated

with the magnitude of improvement in rhinoconjuwitis quality of life.

3. How does this study impact current managemede{ines?
This study highlights the importance of serum p&itoas a biomarker of successful SLIT for

patients with AR.

Key words: Allergic rhinitis, Biomarker; House dust mite; IgE; Periostin; Rhinoconjunctivitis

Quiality of Life Questionnaire; Sublingual immunotherapy

Abbreviations:

AE, adverse event; AIT, allergen immunotherapy; ARergic rhinitis; AUC, Area under the curve;
Der f, Dermatophagoides farinae; Der p, Dermatophagoi des pteronyssinus, EAACI, European
Academy of Allergy and Clinical Immunology; ELISEnzyme-linked immunosorbent assay; FAS,
full analysis set; HDM, house dust mite; ICH, Im&tional Conference on Harmonization of
Technical Requirement for Registration of Pharmtcals for Human Use; ICS, inhaled
corticosteroid; ILC2, Group 2 innate lymphoid cell&U, Japanese allergy units; LME, linear

mixed effects; QoL, Quality of life; ROC, Receivingerating characteristic; RQLQ,
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Rhinoconjunctivitis Quality of Life Questionnair8CIT, subcutaneous immunotherapy; s-IgE,
specific IgE; SLIT, sublingual immunotherapy; S@relardized quality; t-IgE, total IgE; T regs,

regulatory T cells.
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Introduction

Allergen immunotherapy (AIT) is an effective theeagic modality for allergic diseases, particular
allergic rhinitis (AR) and ashnmaSublingual immunotherapy (SLIT) is a treatmeni@ptvith
disease-modifying properties for allergic diseagesjore convenient and has less severe systemic
reactions than subcutaneous immunotherapy (St#ibuse dust mites (HDMs) are prevalent
worldwide and are major cause of perennial AR. &ffieacy and safety of the standardized quality
(SQ)-HDM SLIT tablet has been demonstrated in Wasteountries for HDM-induced AR

While meta-analyses has demonstrated clear ovmaéfit compared to placebo, it is recognized
that SLIT does not work effectively for all useféus, SLIT is recognized as a suitable treatment
modality for AR, its efficacy varies across pat&rdnd is known to be ineffective in a certain
population of patients. The identification and gation of predictive biomarkers of SLIT response
is a topic of major interest. A recent study repdrthat the serum specific IgE (s-IgE)/total IgE
(t-IgE) ratio could be a candidate for predictitigical response to AlT.However, other potential
biomarkers of efficacy for SLIT remain unknown.

Periostin is a one of matricellular proteiand is downstream molecule of IL-13 signature
cytokine of type 2 responses in allergic diseasrisT periostin may play an important role in the
pathogenesis of allergic diseases including ARc&iih-4 and IL-13 are dominantly expressed in
the inflamed sites of allergic diseases. Type Bimimation is characterized by increased release of
IL-4, IL-5 and IL-13 likely from Th2 and Group 2 rniate lymphoid cells (ILC2) resulting in
eosinophilic airway infiltratio? The local expression of periostin is significanthcreased in
patients with AR' and nasal polypscompared to controls. These findings support treept that
periostin is involved in Th2-driven inflammatioh.

The primary mechanisms of SLIT include reducing Thm#lammation, enhancing Thl

inflammation and modulating allergen specific IgEediated responsé$.Recent studies showed
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that regulatory T cells (T regs) may be key reguiatof immunological processes in peripheral
tolerance to allergens during immunother&pySeveral studies have demonstrated that
Dermatophagoides pteronyssinus (Der p)-driven IFNy and IL-10 were significantly increased in
culture supernatants of peripheral blood mononudtedis in successful SLI:*” Therefore, we
hypothesized that serum periostin would be a piatenbvel biomarker of predicting the clinical
response to SLIT.

In this study, we examined baseline characteristivd changes in biomarkers for patients
receiving SQ-HDM SLIT. Specifically, we sought tetter characterize rhinitis outcomes after
SLIT initiation and evaluate whether a biomarkesfipe or specific patient characteristics would be

predictive of treatment response.
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Methods

Trial design

This was a randomized, open-label controlled ttedigned and conducted in accordance with the
principle of the Declaration of Helsinki and in cplance with the Good Clinical Practice of the
International Conference on Harmonization of TecahiRequirement for Registration of
Pharmaceuticals for Human Use (ICH). Using a comempgénerated randomization method,
subjects were randomized to receive the SQ-HDM Sablet, as add-on therapy to drug treatment
(SLIT group) or drug treatment alone (control grpfgqu up to 48weeks, preceded by a run-in phase
of 4 weeks. Blood examination and assessment o&bity of life (QoL) using a questionnaire were
conducted at baseline and at the end of the sfiuty.study protocol was approved by the ethics
committee of International University of Health avglfare (16-A-65). Written informed consent

was obtained from all subjects.

Subjects

The trial population was comprised of adults 2068 years of age, with a clinical history of
HDM-induced AR, a positive result in a nasal praatian test using a house dust disk, and a
positive s-IgE level againdder p or Der farinae (Der f), or both (> 0.7 kU/L). Subjects were
excluded from the study if they were suspectedaviig symptomatic AR due to allergens other
than HDM or high s-IgE against allergens other tH&M. Patients were also excluded if they had
mild-persistent or more severe asthma that reqtieedment with inhaled corticosteroid (ICS); had
systemic immunological diseases, malignanciesrduatired long-term treatment with oral steroids;

or had previous courses of immunotherapy.

I ntervention medication
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The HDM SLIT tablets (Torii, Tokyo, Japan/ALK-Abell Horsholm, Denmark) contained allergen
extracts derived fronDer f and Der p at a 1:1 ratio, and formulated as a rapidly didsghoral
lyophilisate for sublingual administration. HDM SLtablets were administered as an initial dose
of 2 SQ-HDM (equivalent dose of 3300 Japanesegllanits: [JAU]) for 1 week followed by a
maintenance dose of 6 SQ-HDM (equivalent dose ¢d®JAU). This is the approved dose in
Japan, whereas the approved dose in the USA armap&us 12 SQ-HDM. Pharmacotherapy for
rhinitis or conjunctivitis, i.e., antihistamine tats and eye drops or nasal steroids were provined
subjects only when needed for control of their somps. Once symptoms were alleviated, the

subject had to stop taking these medications.

Assessments

Several biomarkers for blood eosinophil count, seperiostin and IgE were measured. A whole
blood sample was submitted for a white blood celint with differentiation. Serum s-IgE to HDM
(ImmunoCAP, Thermo Fischer, Phadia, Uppsala, Swedenl t-IgE levels were determined.
Periostin levels were measured by an enzyme-linkethunosorbent assay (ELISA) with the
DuoSet Human Periostin/OSF-2 (R&D Systems, Minnapd®N, USA). This ELISA kit is
specific for the measurement of natural and recoentti human periostin. The lowest detection
level of periostin was 0.97 ng/mL in diluted sangp{&:25). The limit of detection was determined
by adding 3 standard deviations to the mean vai3® aero standard measurements. Details about
data measurement are described elsewfeBisease-specific QoL was assessed by using the
Rhinoconjunctivitis Quality of Life QuestionnairRQLQ). The RQLQ is consist of 28 items in 7
domains, with each score on a 7-point scale. Thlermains were activities, sleep, non-nose and
non-eye symptoms, practical problems, nasal sympteye symptoms, and emotiofah change

of > 0.5 point compared to baseline representmeally meaningful improvement in QoL.
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Responder analysis

Overall mean RQLQ score and seven domain scords egith domain weighted equally, were
calculated for each patient individually comparbageline to the end of the 48-week period. HDM
SLIT responders were defined as those who had proirement of 0.5 or more in overall and each
domain RQLQ from baseline comparted to the enth@studyNumbers and percentage of patients

defined responders by the aforementioned criteeigewealculated.

Outcomes

The primary outcome was symptoms scores on the RQI®@ efficacy assessment period took
place from July to October to avoid overlapping pyoms caused by Japanese cedar pollen.
Demographic characteristics such as gender, ageask duration, body mass index, blood
eosinophil counts, serum periostin, HDM s-IgE, El@nd sensitization to other allergens besides
HDM were measured. The safety profile was regulanignitored regarding treatment adverse

events (AES).

Statistical analysis

Normally distributed data were expressed as meadnstandard deviation (SD), and non-normal
distributed data were expressed as median (inteilguange). The full analysis set (FAS) included
all randomized subjects by assigned treatment éordance with the ICH intent-to-treat principle.
The primary analysis compared treatment groupsguaitinear mixed effects (LME) model. The
primary analysis set was the FAS with multiple inghions for missing data (FAS-MI), which

conservatively treated all subjects with missingadas having no treatment effect. Additional

analyses for the primary end point were performedhe FAS. Multiplicity for the primary and
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secondary analyses were controlled for by usingFiBber least significant difference procedure.
Receiver operating characteristic (ROC) analysis warformed to determine the utility of
biomarkers in detecting the response to SLIT. Lirregression models were used to describe the
relationship between changes:. (posttreatment minus pretreatment) in RQLQ scor éinical
indices. Statistical significance was set &alue of less than .05. Univariate analysis foboviby
multivariate logistic regression analysis was taleate which one prediddRQLQ. All statistical
tests were performed with SAS version 9.1 softwgBAS Institute, Cary, NC) with a 5%

significance level, and all tests and 95% Cls vesided.
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Results

Population

Subiject disposition is shown in Figure 1. A sigrafitly higher proportion of subjects discontinued
because of AEs in the SLIT group compared with mrgroup. Subjects’ baseline characteristics
are presented in Table I. Patient demographicsbaséline characteristics were similar in the 2
groups. The percentage of subjects with monoseasdh to HDM was 26.7% in the SLIT group
and 32.7% in the control group. In polysensitizatljects, the most prevalent allergens based on
s-IgE levels were Japanese cedar pollen (64%)néapacypress pollen (42%), orchard grass (23%),

ragweed and cat (14%).

Comparison of changein biomarkers and symptoms between SLIT and control

The level of serum periostin significantly decreh§®m baseline to the end of treatment in the
SLIT group P < .001). No significant changes in serum periostivels were observed in the
control group P = .477). There was a significant difference in¢hange of periostin between SLIT
and control groupR < .01, Table Il). In the SLIT group, there wasigngicant increase in s-IgE
levels P < .01), whereas no significant changes in s-Igliesawere observed in the control group
(P =.276). The difference in the change of s-IgEMeein SLIT and control was significam € .05,
Table Il). There were no significant changes igk-lor blood eosinophil counts between baseline
and the end of the study in either group. Oveiadid-on SQ-HDM significantly improved AR
related quality of life: the mean improvement in IRQ score of 0.6 B < .001) was clinically
significant. Comparing the SLIT group to the cohtgooup, statistically significant differences

were seeffior all 7 RQLQ domains (Table II).

Prediction respondersfrom biomarkers
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Sixty-four percent of patients (32 of 50) were gers on the basis of clinical improvement in
QoL. The ROC analysis revealed that serum periokiels distinguished responders from
non-responders with a cutoff value of 30.2 ng/mlseasitivity of 76.9%, a specificity of 80.8%,
and an area under the curve (AUC) of 0.79 (95%0@R - 0.95P < .001, Figure 2A). Serum s-IgE
levels also distinguished responders from non-red@s with a cutoff value of 8.2 kU/L, a
sensitivity of 63.6%, a specificity of 68.0%, and AUC of 0.62 (95% ClI, 0.39 - 0.8P, < .001,
Figure 2B). The sensitivity and specificity of AUGr serum periostin were higher than for serum
s-IgE. However, no predictive value for serum t-IgJC 0.56) or blood eosinophil (AUC 0.50)
was found (data not shown). Based on the optimalffcvalues obtained by ROC analysis, patients
were classified into high or low of serum periogtin30.2 or < 30.2 ng/mL) and s-IgE 8.2 or <
8.2 kU/L). The proportion of patients with both higerum periostin and s-IgE levels was
significantly greater in responder than in non-cester (odds ratio, 7.06; 95% CI, 1.51 - 31.B3,

=.013; sensitivity, 88.2%; and specificity, 48.58tgure 3).

Association between biomar kers and clinical response

Univariate analysis was performed to evaluate #h&tionship between the patient characteristics,
biomarkers and the improvement in RQLQ (Table Mhe changes in RQLQ sco®tRQLQ) was
associated with serum periostin and s-IgE levetssignificant correlation between baseline patient
characteristics and efficacy of SLIT was observedriables with aP value of < .10 in the
univariate analysis and other potentially candidédenarkers were included in the multiple logistic
regression. Multivariate analysis revealed thatursemperiostin and s-IgE were independently

associated with an improvement in RQL®% .617,P < .05, respectively, Table IV).

Safety
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In general, the SQ-HDM SLIT tablet was well tolecit The most frequently reported
treatment-related AEs were mild to moderate loeattions referred to sublingual administration of
the tablet, the most common being oral pruritispat irritation, and mouth swelling. The 4
dropouts because of AEs in the SLIT group werea? itching, 1 ear pruritus and 1 gastroenteritis.

There were no reports of anaphylactic shock, aire@struction, or administration of epinephrine.
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Discussion

We demonstrated that the serum periostin levelsuseéul for detecting responders for SQ-HDM
SLIT in patients with AR. A significant reductiori serum periostin levels was observed after SLIT
initiation. It is also shown that high serum petilmsvas an independent factor for improvement in
QoL. To the best of our knowledge, this is thetfstidy to identify a possible role of serum
periostin as a predictor of clinical response téTSL

The available biomarkers for predicting the outcenoé SLIT would be useful in clinical
practice. In particular, ideal biomarkers for Sldfiould favor patient selection and identificatidn o
responders and predict clinical response durind Ste recently published European Academy of
Allergy and Clinical Immunology (EAACI) Position Par reviewed candidate biomarkers related
to AIT, including SLIT? However, there is currently no consensus on sateobiomarkers that
would be prognostic and predictive of clinical respe in successful AIT. In this study, we
evaluated clinical characteristics and biomarkars] analyzed the variables that distinguish the
patients with effective from ineffective clinicasponse to SLIT.

Recent studies have revealed that the relevangeriafstin in allergic diseasé$®*?*and it has
been established that periostin is indeed a bicenagflecting type 2 inflammatiofi Association
between the level of serum periostin and concornit&nor chronic rhinosinusitis in patients with
asthma have been reporféd’ A previous study on the role of periostin in thahwphysiology of
AR using nasal tissue specimens revealed that ovexssipn of periostin mRNA. Therefore,
serum periostin is a sensitive biomarker for détgatasal allergic disorders. Based on ROC curve
analysis, high serum periostin (> 30.2 ng/mL) det@clinical response to HDM SLIT in patients
with AR. The change in RQLQ score correlated wéhus periostin level at baseline. In addition,
the present study showed that serum periostin Beeleased after patients underwent SLIT.

Mechanistically, it has been shown that SLIT wiiéw the Th2-type response, characterized by
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cytokines IL-4 and IL-13, to a Th1 response withrarease in specific IgG4.Grass pollen
immunotherapy showed that inhibition of IL-5/IFNMRNA" cells infiltration in the nasal mucosa
and increases of IFNMRNA" cells during seasonal allergen provocaffo®ur recently published
study demonstrated that HDM SLIT provides a sigaifit reduction of fractional exhaled nitric
oxide (a maker of eosinophilic airway inflammati@md improvement in airflow limitation in
patients with asthm®&. These finding suggests that successful SLIT maipinperiostin production,
and that serum periostin may be not only a biomrdiedetecting AR, but a predictor for clinical
response in SLIT.

Although AUC was not higher than that of periosttsgrum HDM s-IgE levels significantly
differentiated responders from non-responders aadevel of HDM s-IgE was also associated with
the clinical response to SLIT. Our data is in adeoce with previous reports; serum s-IgE could be
a useful biomarker for predicting response to SLff.?® Increased serum allergen s-IgE levels,
along with a history of symptoms on exposure tergtns, represent the major inclusion criteria for
intervention of immunotheragy. Furthermore, Di Lorenzet al. found that AIT was significantly
effective in patients with high serum s-IgE/t-Igiio and low t-IgE valueSIn our study, there was
no significant difference of serum t-Igg betweespander and non-responder and t-IgE also could
not predict efficacy of SLIT. The discrepancy oéthsefulness of t-IgE as a predictor might be
explained by the difference in the population arethads of AIT. That is, that study was conducted
in a selected cohort of monosensitized allergitep&t, and AIT administered either by means of
SCIT or SLIT. It has been reported that the peamgmtof s-IgE is approximately 25% of t-IgE.
Although it is possible to quantify both serum &lgnd t-IgE levels, t-IgE levels are not measured
because they are not useful in the clinical diaigno$ allergy to common aeroallergefisOur
findings support that assessment of s-IgE may bdigtive of the response to SLIT without the

need to assess t-IgE. The HDM s-IgE level increasgmficantly 48-weeks after SLIT. It is known
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that allergen s-IgE level is not constant during tourse of SLIT***in general, levels of s-IgE
increase at the early stage of AIT and followedatyradually decreaséThis phenomenon would
suggest that the suppression of Th2 responseatedeto the mechanisms of SLIT, whereas HDM
s-IgE level remained essentially unchanged in tbetrol group. Importantly, we found that
combining the biomarkers of HDM sIgE and serum gsin levels was by far the strongest
predictor of response to HDM SLIT.

In contrast to our study, a previously publishgabre showed that blood eosinophil counts were
associated with the efficacy of AlTThe difference in findings may be due to differesiin patient
selection, treatment methods and the severityioitid Indeed the majority of our subjects had
mild to moderate rhinitis.

Patients with allergic disorders are often seresitito multiple allergens. Polysensitization can
affect the choices made regarding the formatioarphllergen extract and the effectiveness of the
choices made is a matter of some debate. In thily,stve found 73% of patients were sensitize to
allergens other than HDM. Of course, the preserfcelinical symptoms to another perennial
allergen to which the subject is regularly exposad an exclusion criteria because sensitization to
other indoor allergens could affect the efficacyuof intervention. Our results showed a significant
effect of SQ-HDM tablet regardless of sensitizatgiatus. This is in agreement with a recent
published several studies on the SQ-HDM SLIT, sstjgg that polysensitization should not be a
contraindication for immunotherapy*3*

There are some limitations in the study. First,dicknot include a placebo arm. The potential
for bias to be introduced by patients and invesbigain the assessment of outcomes and response
should be considered when interpreting open-labil.do avoid observer bias, after removing
patient’s name and the date of examination, anododamples were coded and analyzed randomly.

However, the aim of the study was to explore amt@kexplanation for why patients who have
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received SLIT could be responders and thus to Bdargossible predictors of such varied
responses. Second, the small number of subjedtglaxt in each arm could result in a Type Il error.
However, it was important to ensure that we used striteria to define our patients for this study
all of whom were carefully followed, allowing fortagh follow-up rate at the end of the study.
Third, although SLIT is recommended to be continfee® to 5 years, the treatment period of this
study was short. Nevertheless, we believe thalithigation do not significantly confound the main
finding of our study. Further study is necessargddorm the analysis in a larger number of
subjects and for a longer duration.

In conclusion, serum periostin is useful for deterthe clinical response to SLIT in patients
with HDM induced AR. These findings warrant furttstndy of the mechanisms of periostin

suppression due to immunotherapy including pasenblecular profile.



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

18

References

1.

Jutel M, Agache |, Bonini S, Burks AW, Calderon @anonica W, et al. International
Consensus on Allergen Immunotherapy Il: Mechanismstandardization, and
pharmacoeconomics. J Allergy Clin Immunol 2016;B58-68.

Canonica GW, Cox L, Pawankar R, Baena-Cagnani Q&s8M, Bonini S, et al. Sublingual
immunotherapy: World Allergy Organization positipaper 2013 update. World Allergy Organ
J 2014;7:6.

Bergmann K-C, Demoly P ,Worm M, Fokkens WJ, Caorill, Tabar Al, et al. Efficacy and
safety of sublingual tablets of house dust mitergéin extracts in adults with allergic rhinitis. J
Allergy Clin Immunol 2014;133:1608-14.

Mosbech H, Canonica GW, Backer V, de Blay F, KlinhglBroge L, et al. SQ house dust mite
sublingually administered immunotherapy tablet (ALikhproves allergic rhinitis in patients
with house dust mite allergic asthma and rhiniti;ygtoms. Ann Allergy Asthma Immunol
2015;114:134-40.

Demoly P, Emminger W, Rehm D, Backer V, TommerugKleine-Tebbe J. Effective treatment
of house dust mite—induced allergic rhinitis witll@ses of the SQ HDM SLIT-tablet: Results
from a randomized, double-blind, placebo-controfdadse Il trial.J Allergy Clinical Immunol
2016;137:444-51.

Nolte H, Bernstein DI, Nelson HS, Kleine-Tebbe Us8nan GL, Seitzberg D, et al. Efficacy of
house dust mite sublingual immunotherapy tabl&anth American adolescents and adults in a
randomized, placebo-controlled trial. J AllergyrClimmunol 2016;138:1631-8

Di Lorenzo G, Mansueto P, Pacor ML, Rizzo M, Cdstél Martinelli N, et al. Evaluation of
serum s-IgE/total IgE ratio in predicting clinicaksponse to allergen-specific immunotherapy. J

Allergy Clin Immunol 2009;123:1103-10.



352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

10.

11.

12.

13.

14.

15.

16.

17.

19

lzuhara K, Arima K, Ohta S, Suzuki S, Inamitsu Manmyamoto K. Periostin in allergic
inflammation. Allergol Int 2014;63:143-51.

Takayama G, Arima K, Kanaji T, Toda S, Tanaka HyjB8, et al. Periostin: a novel component
of subepithelial fibrosis of bronchial asthma dotseam of IL-4 and IL-13 signals. J Allergy
Clin Immunol 2006;118:98-104.

Pulendran B, Artis D. New paradigms in type 2 imityrScience 2012;27:431-5.

Ishida A, Ohta N, Suzuki Y, Kakehata S, Okubo ked& H, et al. Expression of pendrin and
periostin in allergic rhinitis and chronic rhinogsitis. Allergol Int 2012;61:589-95.

Wang M, Wang X, Zhang N, Wang H, Li Y, Fan E, etAssociation of periostin expression
with eosinophilic inflammation in nasal polyps. Be#gy Clin Immunol 2015;136:1700-3.
Matsuoka M, Shiraishi H, Ohta S, Suzuki S, ArimaA6ki S, et al.Periostin promotes chronic
allergic inflammation in response to Th2 cytoking€lin Invest 2012;12:2590-600.

Akdis M, Akdis CA. Mechanisms of allergen-specifiomunotherapy: Multiple suppressor
factors at work in immune tolerance to allergemsllergy Clinical Immunol 2014;133:621-6.
Shamiji MH, Durham SR. Mechanisms of allergen imntbapy for inhaled allergens and
predictive biomarkers. J Allergy Clin Immunol 201460:1485-98.

Cosmi L, Santarlasci V, Angeli R, Liotta F, MaggiFrosali F, et al. Sublingual immunotherapy
with Dermatophagoides monomeric allergoid down-tatgs allergen-specific immunoglobulin
E and increases both interferon-gamma- and inte@riel0-production. Clin Exp Allergy
2006;36:261-72.

Eifan AO, Akkoc T, Yildiz A, Keles S, Ozdemir C, Beeciler NN, et al. Clinical efficacy and
immunological mechanisms of sublingual and sub@des immunotherapy in
asthmatic/rhinitis children sensitized to housetduie: an open randomized controlled trial.

Clin Exp Allergy 2010;40:922-32.



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

20

Hoshino M, Ohtawa J, Akitsu K. Effect of treatmesith inhaled corticosteroid on serum
periostin levels in asthma. Respirology 2016;21:303.

Juniper EF, Thompson AK, Ferrie PJ, Roberts JNid&tibn of the standardized version of the
Rhinoconjunctivitis Quality of Life Questionnairg&Allergy Clin Immunol 1999;104:364-9.
Shamji MH, Kappen JH, Akdis M, Jensen-Jarolim E,oKfEF, Kleine-Tebbe J, et al.
Biomarkers for monitoring clinical efficacy of afgen immunotherapy for allergic
rhinoconjunctivitis and allergic asthma: an EAAQsRion Paper. Allergy 2017;72:1156-73.
Jia G, Erickson RW, Choy DF, Mosesova S, Wu LCh&8a OD, et al. Periostin is a systemic
biomarker of eosinophilic airway inflammation intlamatic patients. J Allergy Clin Immunol
2012;130:647-54.

lzuhara K, Nunomura S, Nanri Y, Ono J, Takai M, leawchi A.Periostin: An emerging
biomarker for allergic diseases. Allergy 2019;74&-P8.

Matsusaka M, Kabata H, Fukunaga K, Suzuki Y, MasgkMochimaru T, et al. Phenotype of
asthma related with high serum periostin levelte§bl Int 2015;64:175-80.

Asano T, Kanemitsu Y, Takemura M, Yokota M, FukwguiK, Takeda N, et al. Serum periostin
as a biomarker for comorbid chronic rhinosinusitipatients with asthma. Ann Am Thorac Soc
2017;14:667-75.

Durham SR, Ying S, Varney VA, Jacobson MR, Sud#eRt, Mackay IS, et al. Grass pollen
immunotherapy inhibits allergen-induced infiltratiof CD4 T lymphocytes and eosinophils in
the nasal mucosa and increases the number of eajisessing messenger RNA for
interferon-gamma. J Allergy Clin Immunol 1996;9756365.

Hoshino M, Akitsu K, Kubota K. Effect of sublinguahmunotherapy on airway inflammation
and airway wall thickness in allergic asthma. &Adl Clin Immunol Pract 2019;7:2804-11.

Ciprandi G, Silvestri M. Serum Specific IgE: A Bianker of Response to Allergen



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

28.

29.

30.

31.

32.

33.

34.

21

Immunotherapy. J Investig Allergol Clin Immunol 2024.35-9.

Schmid JM, Wirtzen PA, Dahl R, Hoffmann HJ. Pretresnt IgE sensitization patterns
determine the molecular profile of the IgG4 resgodisring updosing of subcutaneous
immunotherapy with timothy grass pollen extradilldrgy Clin Immunol 2016;137:562-70.
Calderon MA, Casale T, Cox L, Akdis CA, Burks AWelson HS, et al. Allergen
immunotherapy: a new semantic framework from theogelan Academy of Allergy and
Clinical Immunology/American Academy of Allergy, thena and Immunology/PRACTALL
consensus report. Allergy 2013;68:825-8.

Jackola DR, Blumenthal MN, Rosenberg A. Evidengevim independent distributions of
serum immunoglobulin E in atopic families: cognaiel non-cognate IgE. Hum Immunol
2004;65:20-30.

Kerkhof M, Dubois AE, Postma DS, Schouten JP, dadhy JG. Role and interpretation of
total serum IgE measurements in the diagnosidergid airway disease in adults. Allergy
2003;58:905-11.

Wang L, Yin J, Fadel R, Montagut A, de BeaumonD@yillier P. House dust mite sublingual
immunotherapy is safe and appears to be effectivenaderate, persistent asthma. Allergy
2014;69:1181-8.

Okubo K, Masuyama K, Imai T, Okamiya K, Stage B&itZberg D, et al. Efficacy and safety
of the SQ house dust mite sublingual immunothetaplet in Japanese adults and adolescents
with house dust mite-induced allergic rhinitis. Blefgy Clin Immunol 2017;139:1840-9.
Okamoto Y, Fujieda S, Okano M, Yoshida Y, Kakuddfsuyama K, et al. House dust mite

sublingual tablet is effective and safe in patiemith allergic rhinitis. Allergy 2017;72:435-43.



423

424

425

426

427

428

429

430

431

432

433

434

435

22

Figurelegends
Figurel. Patient deposition

SLIT, sublingual immunotherapy; SQ, standardizealityy HDM, house dust mite.

Figure2. Receiver operating characteristic (ROC) curveséum periostin (A), HDM specific
IgE (B) distinguishing responder from non-resporideasthmatic patients with SLIT
The optimal cutoff values (sensitivity, specifigityserum periostin of 30.2 ng/mL, HDM specific

IgE of 8.2 kKU/L respectively.

Figure 3. Proportions of patients classified as high or ldwserum periostinX 30.2 or < 30.2
ng/mL) and HDM specific IgE (s-IgE}(8.2 or < 8.2 kU/L)
The proportion of patients with both high serumigsin and s-IgE levels was significantly greater

in responders than in non-responders.



Table |. Demographics and baseline patient characteristics

SLIT (n=56) Control (n=55)

Age (yr) 40 (13) 44 (17)
Male/femae 23/33 20/35
Body mass index (kg/m?) 24.3(3.4) 22.7(3.8)
Disease duration (yr) 15 (16) 13 (15)
Blood eosinophil (/uL) 276.3 (208.1) 324.0 (306.2)
Tota IgE (IU/mL) 283.5 (84.4, 690.2) 219.0 (67.2, 339.0)
Specific IgE HDM (kU/L) 14.4(3.7) 15.6 (4.4)
Serum periostin (ng/mL) 30.7 (6.6) 29.6 (6.7)
RQLQ score

Activities 22(1.1) 2.2(1.0)

Sleep 2.3(1.0 25(1.3)

Non nose/eye 29(1.2) 3.0(1.49)

Practical 31(1y) 3.2(1.6)

Nasal 3.5(0.8) 3.8(1.2)

Eye 3.0(0.9) 2.9(1.0)

Emotional 2.2(0.9) 24(1.2)
Sensitization

Monosensitized, n (%) 15 (26.7) 18 (32.7)

Polysensitized, n (%) 41 (73.3) 37 (67.3)

Data are presented as mean (SD) or median (IQR).
SLIT, sublingual immunotherapy; IgE, immunoglobulin E; HDM, house dust mite;

RQLQ, rhinoconjunctivitis quality of life questionnaire.



Table 1. Changes of parameters from baseline subjects with AR after SLIT and control, and

analysis of efficacy
SLIT Control
Variables Change from basdline Difference of 95% ClI P value
SLIT and control
Serum periostin (ng/mL) -4.7 (0.4) 01(1.1) 5.33 (0.29t010.37) .004
Specific IgE HDM (kU/L) 9.2(3.49) 3.4(1.9) 7.85 (-29.12t0 13.42) .039
Total I1gE (1U/mL) 1.7(-50.9,39.1) 5.0(-32.0,23.0) 22.86 (-113.74 to 157.46) .985
Blood eosinophil (/uL) -21.4(12.6) 21.5(16.0) 43.02 (-154.34 to 240.39) 183
RQLQ score
Activities 0.56 (0.96) 0.06 (0.50) 0.63 (-0.27 to 1.44) .001
Sleep 0.45 (0.82) 0.01(0.84) 0.46 (0.431t00.48) .009
Non nose/eye 0.59 (0.96) 0.01 (0.85) 0.58 (0.38t00.79) .003
Practical 0.58 (1.04) -0.25 (0.96) 0.73 (0.66 t0 0.99) <.001
Nasal 0.81(1.04) -0.43 (0.86) 124 (0.87t01.61) <.001
Eye 0.69 (0.78) -0.19 (0.61) 0.88 (0.53t01.22) <.001
Emotional 0.44 (0.84) -0.14 (0.68) 0.54 (0.25t00.91) .004

Data are presented as mean (SD) or median (IQR).

AR, dlergic rhinitis; SLIT, sublingual immunotherapy; IgE, immunoglobulin E; HDM, house dust mite;

RQLQ, rhinoconjunctivitis quality of life questionnaire.



Tablelll. Univariate analysis of factors affecting RQLQ score after SLIT

Variables r P vaue
Age (yr) 0.111 247
Male/female 0.062 .350
Body mass index (kg/m?) 0.118 246
Disease duration (yr) -0.139 .208
Serum periostin (ng/mL) 0.743 <.001
Specific IgE HDM (kU/L) 0.568 .014
Totd IgE (1U/mL) -0.068 .345
Blood eosinophil (/ulL) 0.081 318

IgE, immunoglobulin E; HDM, house dust mite; RQL Q, rhinoconjunctivitis
quality of life questionnaire; SLIT, sublingua immunotherapy.



Table V. Multivariate logistic regression models for prediction of symptoms after SLIT

Model r? B 95% Cl P value
0.617
Serum periostin (ng/mL) 0.136 (0.059t0 0.213) .018
Specific IgE HDM (kU/L) 0.054 (0.018t0 0.091) .040
Tota IgE (IU/mL) -0.003 (-0.001 to 0.008) 535
Blood eosinophil (/uL) 0.002 (-0.001 to 0.021) .783

IgE, immunoglobulin E; HDM, house dust mite; SLIT, sublingual immunotherapy.
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