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Total Nasal Symptom with subcutaneous pollen immunotherapy (SCIT).
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and were treated with SCIT. Symptom control was assessed using the Total Nasal Symptom
Score (TNSS) and Visual Analog Scale (VAS), while HRQoL was measured using PRQLQ or RQLQ
depending on age. Patients were grouped by treatment duration: <36 months and >36 months.
Results: Forty-seven patients completed questionnaires at least two pollen seasons after their
final SCIT dose. Compared with the <36-month group, patients treated for 36 months showed
significantly lower nasal and ocular symptoms (P < 0.001). Mean TNSS scores were lower (5.42
vs. 9.57, P = 0.018), and more patients had mild symptoms (60.6% vs. 21.4%, P = 0.003). Good
symptom control (VAS < 2) was also more frequent (36.4% vs. 14.3%, P = 0.022). HRQoL scores
(PRQLQ/RQLQ) were significantly better in the >36-month group, particularly in social and
school functioning.

Conclusion: SCIT duration >36 months is associated with improved symptom control and
HRQoL during the pollen season, supporting guideline recommendations of at least 3 years of
AIT in pediatric AR.
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Key Messages

» Subcutaneous pollen immunotherapy administered for
>36 months provides significantly better symptom con-
trol and quality of life in pediatric allergic rhinitis.

e Our findings reinforce guideline recommendations advo-
cating at least 3 years of continuous AIT for sustained
clinical benefit.

Introduction

Allergic rhinitis (AR) is an inflammatory disorder of the
nasal mucosa triggered by an immunoglobulin E (IgE)-
mediated hypersensitivity reaction in sensitized indi-
viduals. Upon allergen exposure, a Th2-driven immune
response promotes IgE production, and subsequent mast
cell degranulation initiates inflammation.! AR is highly
prevalent, affecting approximately 2-25% of children and
1-40% of adults worldwide. Its hallmark symptoms include
nasal discharge, sneezing, nasal congestion, and nasal pru-
ritus; ocular manifestations such as itching, redness, and
tearing are also common.? AR may be a risk factor for the
development of asthma and may also predispose to rhini-
tis-associated comorbidities (e.g., allergic conjunctivitis,
otitis media, adenoid hypertrophy),* highlighting the need
for long-term disease control strategies.*

Current AR management incorporates allergen avoid-
ance, pharmacotherapy, allergen immunotherapy (AIT),
and patient education. For patients with persistent symp-
toms who do not respond adequately to medication, AIT
remains the only etiologic treatment available.*. AIT mod-
ulates the immune response by enhancing regulatory T-cell
activity, suppressing IgE production, promoting protective
IgG4 antibody production, and reducing mast cell sensitiv-
ity, thereby alleviating symptoms and improving quality of
life.! AIT can be administered as sublingual immunotherapy
(SLIT) or subcutaneous immunotherapy (SCIT). International
guidelines, including those from the European Academy of
Allergy and Clinical Immunology (EAACI) and U.S. practice
parameters, recommend a minimum of 3 years of AT to
achieve long-term clinical efficacy.">¢

Although AR is not life-threatening, it significantly
impairs school performance, psychological well-being, and
overall quality of life, representing a substantial socioeco-
nomic burden on patients and society.” In this study, we
sought to evaluate the clinical features and health-related
quality of life (HRQoL) of pediatric patients during the pol-
len season after completing SCIT, with particular focus on
the relationship between treatment duration and clinical
benefit.

Methods

Study design

This prospective, cross-sectional study was conducted at
the Department of Pediatric Allergy and Immunology at a

City Hospital. Eligible participants were children aged 6-18
years who had received >12 months of AIT at the Research

and Training Hospital between 2014 and 2022. All patients
had isolated pollen atopy and were receiving subcutane-
ous pollen immunotherapy (SCIT). All patients received
SCIT following a conventional build-up protocol with
weekly dose escalation, followed by monthly maintenance
injections.

Children outside the specified age range, those unwill-
ing to participate, or those who submitted incomplete
questionnaires were excluded. Written informed consent
was obtained from all participants and/or their legal guard-
ians in accordance with the principles of the Declaration of
Helsinki. The study protocol was approved by the institu-
tional ethics committee (Approval No: TABED 2-24-86).

Symptom severity and HRQoL were evaluated during
the pollen season occurring at least two seasons after
the final SCIT dose. Data were collected in accordance
with institutional ethical guidelines using online ques-
tionnaires and hospital electronic medical records. All
participants completed a validated assessment form that
incorporated the following clinical instruments: Total
Nasal Symptom Score (TNSS), Visual Analog Scale (VAS),
Pediatric Rhinoconjunctivitis Quality of Life Questionnaire
(PRQLQ), and the adult Rhinoconjunctivitis Quality of Life
Questionnaire (RQLQ).

Data collection tools

The study questionnaire incorporated the following vali-
dated instruments:

1. Total Nasal Symptom Score (TNSS) - Daily Symptom
Score: TNSS evaluates nasal symptoms (congestion, rhi-
norrhea, nasal itching, sneezing) and ocular symptoms
(itching/redness, tearing), each scored on a 4-point
scale from 0 (no symptoms) to 3 (severe, intolerable
symptoms). Scores across categories are summed to
yield a total score ranging from 0 to 18, categorized as
mild (0-6), moderate (7-12), or severe (13-18) symptom
burden.?

2. Visual Analog Scale (VAS): Symptom severity for nasal
congestion, rhinorrhea, nasal itching, and sneezing was
self-reported by patients on a 10-cm Likert-type scale
(0 = no symptoms, 10 = worst possible symptoms).
Participants marked the point that best represented
their overall discomfort during the preceding week,
ranging from “not bothersome at all” to “extremely
bothersome.” Symptom control was classified as uncon-
trolled (VAS >5), partially controlled (VAS 2-5), or well
controlled (VAS <2).°

3. Pediatric Rhinoconjunctivitis Quality of Life
Questionnaire (PRQLQ): The PRQLQ, adapted from
the Pediatric Quality of Life Inventory (PedsQL™ 4.0),
0 assesses HRQoL in children aged 6-18 years. It con-
sists of four domains—physical functioning (8 items),
emotional functioning (5 items), social functioning (5
items), and school functioning (5 items)—with a total
of 23 items. Items are scored on a 5-point Likert scale
and reverse-coded to a 0-100 scale, where higher
scores indicate better HRQoL. For analysis, lower raw
scores reflect a better quality of life. PRQLQ has been
validated in Turkish populations,” and although no
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standard cut-off exists, scores below the median were
classified as “lower HRQoL” in this study.

4. Rhinoconjunctivitis Quality of Life Questionnaire
(RQLQ): For participants aged 18-23 years, HRQoL
was assessed using the RQLQ, which evaluates seven
domains: activities, sleep, practical problems, nasal
symptoms, eye symptoms, non-nasal/ocular symptoms,
and emotional impact. The 28 items are scored from
0 (“not troubled at all”) to 6 (“extremely troubled”),
with lower scores indicating better quality of life. The
RQLQ has also been validated in Turkish populations,®
and as with the PRQLQ, scores below the median were
considered indicative of lower HRQoL.

Clinical data collection

Skin prick testing for pollen allergens—including Secale,
rye grass (Lolium), Phleum pratense, Avena sativa (oat
grass), wheat, Bermuda grass, Plantago, Cynodon dacty-
lon, Kentucky bluegrass, Festuca pratensis, velvet grass,
and orchard grass—was performed using commercial kits
(Lofarma®, Milan, lItaly). Histamine hydrochloride served
as the positive control and 0.9% sodium chloride as the
negative control. Results were assessed 15-20 minutes
after application, and a wheal diameter >3 mm larger than
the negative control was considered positive.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk,
NY, USA). The Kolmogorov-Smirnov test was used to assess
the distribution of continuous variables. Normally dis-
tributed variables were expressed as mean + standard
deviation (SD), while non-normally distributed data were
presented as median (25th-75th percentile). Categorical
variables were expressed as counts and percentages.
Between-group comparisons were performed using
the independent samples t-test for normally distrib-
uted continuous variables and the Mann-Whitney U test

for non-normally distributed variables. Within-group
comparisons of paired categorical variables (pre- vs.
post-treatment) were analyzed using McNemar’s test.
Between-group comparisons of categorical variables were
conducted using Pearson’s chi-square test, with Fisher’s
exact test applied when the expected cell count was <5.

TNSS symptom severity categories (mild, moderate,
severe) were compared using the chi-square test. VAS
scores were similarly categorized as well-controlled (VAS
<2), partially controlled (VAS 2-5), or uncontrolled (VAS >5)
and compared between groups.

PRQLQ and RQLQ scores—both total and domain-
specific—were compared using either the independent-
samples t-test or the Mann-Whitney U test, depending on
the data distribution. A p-value of <0.05 was considered
statistically significant. Findings were presented in tables
and figures where appropriate.

Results

A total of 99 pediatric patients who had received SCIT were
screened. Of these, 43 could not be contacted due to out-
dated contact information, 7 declined participation, and
2 had received SCIT for <12 months; these patients were
excluded. The final study cohort comprised 47 patients, of
whom 53.2% (25/47) were male. The mean age at symptom
onset was 10.4 + 2.0 years, and the mean age at diagnosis
was 11.0 + 1.3 years. The mean duration of SCIT was 45.3 +
11.9 months (range: 21-61 months).

Patients were stratified according to SCIT duration: >36
months (n=33) and <36 months (n=14). Demographic charac-
teristics and laboratory findings at diagnosis and during fol-
low-up, stratified by treatment duration, are summarized
in Table 1.

When comparing pre- and post-treatment symptoms,
patients in the <36-month group demonstrated significant
reductions in sneezing, ocular itching, and ocular redness
after SCIT (P = 0.025, P = 0.025, and P = 0.046, respec-
tively), while other symptom changes were not statisti-
cally significant. In the >36-month SCIT group, all assessed
nasal and ocular symptoms showed significant reductions

Table 1 Demographic characteristics and laboratory findings by SCIT duration.
SCIT <36 mo (n = 14) SCIT 236 mo (n = 33) Total (n = 47) P value

Demographics

Male sex, n (%) 8 (57.1%) 17 (51.5%) 25 (53.2%) 0.724

Mean age at symptom onset, y (+SD) 11.6 £ 3.3 99 +2.8 10.4 £ 2.0 0.093

Mean age at diagnosis, y (+SD) 12.6 + 3.1 11.8 + 2.6 1.0+ 1.3 0.375
Baseline laboratory values

Total IgE, median (IQR), IU/mL 386 (141-725) 255 (145-410) 297 (145-493) 0.370

Eosinophil count, median (IQR), cells/pL 375 (280-575) 250 (140-550) 315 (200-550) 0.108
Follow-up laboratory values

Total IgE, median (IQR), IU/mL 296 (85-552) 245 (131-305) 280 (96-325) 0.553

Eosinophil count, median (IQR), cells/puL 350 (200-460) 210 (130-330) 240 (130-350) 0.109

'Independent samples t-test; 2Mann-Whitney U test.

SCIT: subcutaneous immunotherapy; mo: months; n: number; y: years; SD: standard deviation; IgE: immunoglobulin E;

IQR: interquartile range.
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Figure 1

Changes in nasal and ocular symptoms before and after SCIT in patients treated for <36 months and >36 months.

Percentages represent the proportion of patients reporting each symptom.

following treatment compared with pre-treatment values
(P < 0.05 for all comparisons; Figure 1).

According to the TNSS results obtained at the end of
treatment, the mean symptom score for all patients was
6.66 + 4.59. Patients in the <36-month SCIT group had sig-
nificantly higher mean TNSS scores compared with those
in the =36-month group (9.57 = 5.52 vs. 5.42 + 3.55,
P = 0.018). When categorized by symptom severity, a sig-
nificantly higher proportion of patients in the >36-month
group fell into the mild symptom category compared
with the <36-month group (60.6% vs. 21.4%, P = 0.003).
Conversely, severe symptoms were markedly more fre-
quent in the <36-month group (35.7% vs. 3.0%). Detailed
comparisons are presented in Table 2.

Symptom control levels, as assessed by the VAS, dif-
fered significantly according to SCIT duration. In the >36-
month group, the proportion of well-controlled patients
(VAS <2) was significantly higher, while the proportion of
uncontrolled patients (VAS >5) was significantly lower com-
pared with the <36-month group (P = 0.022; Figure 2).

A total of 14 patients aged 12-18 years completed
the PRQLQ. Of these, 6 (42.9%) were in the <36-month
SCIT group and 8 (57.1%) were in the =36-month group.
Comparison of PRQLQ domain and total scores between
the two groups revealed that patients with >36 months of
SCIT had significantly better quality of life, particularly in
the domains of social functioning, school functioning, and
overall PRQLQ scores (P < 0.05 for each; Table 3).
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Table 2 Comparison of TNSS results between SCIT duration groups.

TNSS Category SCIT <36 mo (n = 14) SCIT 236 mo (n = 33) Total (n = 47) P value
Mild (0-6) 21.4% (3/14) 60.6% (20/33) 48.9% (23/47)
Moderate (7-12) 42.9% (6/14) 36.4% (12/33) 38.3% (18/47) 0.003*
Severe (13-18) 35.7% (5/14) 3.0% (1/33) 12.8% (6/47)
Mean TNSS (out of 18) 9.57 + 5.52 5.42 + 3.55 6.66 + 4.59 0.018**
*Pearson’s chi-square test; **Independent samples t-test.
TNSS: total nasal symptom score; SCIT: subcutaneous immunotherapy; mo: months; n: number.
VAS symptom control categories by SCIT duration
60.0% 57.1%
50.0%
42.4%
40.0% 7_
36.4%
300(%) 2860/0
21.2%
20.0%
14.3%
10.0%
0.0%

SCIT <36 mo (n=14)

# Well controlled (VAS <2)

i Partially controlled (VAS 2-5)

SCIT 236 mo (n=33)

H Uncontrolled (VAS >5)

Figure 2 Distribution of symptom control levels based on VAS categories according to SCIT duration.

A total of 33 patients aged 18-23 years completed the
RQLQ. The mean total RQLQ score was significantly lower
in the >36-month SCIT group compared with the <36-month
group (20.12 + 21.45 vs. 43.86 = 31.51, p=0.025), indicat-
ing better quality of life in the longer treatment group.
Domain-specific results are summarized in Table 4.

Discussion

AR is a common pediatric condition, and its detrimental
impact on QoL has been well-documented in previous stud-
ies.” Although pharmacotherapy is the first-line approach
for controlling symptoms in most patients, AIT remains the
only etiologic treatment capable of modifying the course
of the disease and providing sustained clinical benefits."™

AIT has gained increasing use in AR management because
of its proven efficacy in reducing nasal and ocular symp-
toms and improving QoL."

In the present study, we compared the effects of dif-
ferent treatment durations of SCIT on symptom control and
QoL in pediatric patients. Our findings demonstrate that
children who received =36 months of SCIT achieved signifi-
cantly better outcomes in both symptom control and QoL
compared with those treated for shorter durations. These
results provide direct clinical support for the EAACI and
other international guideline recommendations advocating
a minimum of three years of continuous AIT."®

Our results are consistent with those reported by Agenas
et al.,"” who conducted a prospective study of 158 pediatric
patients over a three-year follow-up. They observed signif-
icant reductions in TNSS scores and improvements in QoL
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Table 3 PRQLQ domain and total scores by SCIT duration and PRQLQ scores reversed to percentages for HRQoL
interpretation.

Domain, Mean + SD SCIT <36 mo (n=6) SCIT 236 mo (n=8) Total (n=14) P-value
Physical functioning 2.3+241 11 +£1.5 1.6 + 1.8 0.222
Emotional functioning 2.8+1.5 1.3+1.4 1.9 + 1.6 0.062
Social functioning 4.7 + 3.1 0x0 2.0 + 3.1 <0.001*
School functioning 10 + 4.9 4.5+ 3.8 6.9 +5.0 0.035*
Total prqlq score 19.8 £ 9.8 6.9 +£ 6.2 12.4 + 10.1 0.010*
Domain, quality of life%
Physical functioning 92.81% 96.56% 95.00% 0.222
Emotional functioning 86.00% 93.50% 90.50% 0.062
Social functioning 76.50% 100.00% 90.00% <0.001*
School functioning 50.00% 77.50% 65.50% 0.035*
Total prqlg score 78.48% 92.50% 86.52% 0.010*
*Student’s t-test. Lower scores and higher percentanges indicate better quality of life.
PRQLQ, pediatric rhinoconjunctivitis quality of life questionnaire; HRQoL, health-related quality of life; SCIT, subcutaneous
immunotherapy; mo, months; n, number; SD, standard deviation.
Table 4 RQLQ domain and total scores by SCIT duration.
RQLQ domain, mean + SD SCIT <36 mo (n =7) SCIT 236 mo (n = 26) Total (n = 33) P value
Activities 2.00 + 1.77 1.24 + 1.42 1.44 + 1.52 0.263
Sleep 1.76 = 1.60 0.88 + 1.05 112 £ 1.25 0.111
Practical problems 2.57 £ 2.31 1.86 + 1.54 2.05 + 1.76 0.372
Nasal symptoms 2.25 + 1.43 1.82 + 1.35 1.94 + 1.36 0.485
Eye symptoms 1.39 + 1.34 0.58 + 0.76 0.80 + 0.99 0.061
Non-nasal/ocular symptoms 0.76 + 0.68 0.38 + 0.45 0.48 + 0.54 0.111
Emotional impact 1.25 + 1.21 0.55 + 0.81 0.74 + 0.96 0.101
Total RQLQ score 43.86 + 31.51 20.12 + 21.45 25.15 + 25.36 0.025*

*Student’s t-test. Lower scores indicate better quality of life.

RQLQ, rhinoconjunctivitis quality of life questionnaire; SCIT, subcutaneous immunotherapy; mo, months; n, number; SD,

standard deviation.

scores by the third year of SCIT."” Similarly, subgroup anal-
yses from the REACT study by Contoli et al. demonstrated
that patients who continued uninterrupted AIT over nine
years experienced greater improvements in AR symptoms
compared with those lost to follow-up.”® Field and Blaiss™
also highlighted that SCIT administered for at least three
years results in sustained long-term symptom control.

Bozek et al. evaluated the efficacy of allergen-specific
immunotherapy in 78 patients (43 female, 35 male; aged
18-76 years) with AR, comparing SCIT with placebo after
24 months of treatment. They found that TNSS scores
decreased significantly in the SCIT group compared
with placebo, indicating substantial improvement in AR,
symptoms.?

In our study, VAS assessments yielded comparable find-
ings in favor of longer treatment duration. The propor-
tion of well-controlled patients (VAS < 2) was significantly
higher in the >36-month group than in the <36-month
group, whereas the proportion of patients with uncon-
trolled symptoms was higher in the short-duration group.

These results suggest that treatment duration influences
not only immunological response but also patient-reported
satisfaction and daily functional capacity. This aligns with
the systematic review by Field and Blaiss,"” which empha-
sized the positive impact of SCIT on clinical scores and
patient-perceived symptom reduction, as assessed by VAS,
in individuals with AR.

Similarly, in a pediatric cohort study, Song et al.?' com-
pared 193 children receiving SCIT with those treated with
pharmacotherapy alone. Over a 3-year follow-up, both
groups demonstrated significant VAS score improvement;
however, the SCIT group achieved a greater magnitude of
improvement than the pharmacotherapy-only group.

AR has been reported to negatively affect patients’
physical, social, and emotional functioning, thereby
impairing overall QoL.” In our study, QoL was assessed
according to treatment duration using the PRQLQ and
RQLQ scales. Results from both instruments demonstrated
significantly higher QoL in patients who received SCIT for
>36 months. Among patients aged 12-18 years, assessed
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with the PRQLQ, statistically significant differences were
observed in the school and social functioning subdomains.
In patients aged >18 years, assessed with the RQLQ, mean
total scores were significantly lower, indicating better QoL.
Similar findings have been reported in the literature. Vieira
et al. demonstrated that better control of allergic rhinitis
was associated with improved academic productivity and
reduced educational impairment in children and young
people, whereas poor rhinitis control was linked to greater
loss of school performance and educational activities.?
Likewise, Song et al. reported that SCIT produced signifi-
cantly greater QoL improvements than pharmacotherapy
alone in pediatric AR patients.?!

In adult patients assessed with the RQLQ, lower total
scores similarly reflected better QolL. Bozek et al. also
demonstrated that AIT significantly improved QoL, as mea-
sured by the RQLQ, compared with placebo.?

A major strength of our study is the comprehensive
evaluation of pediatric SCIT recipients not only in terms
of symptom control but also QoL, using validated clinical
scales and age-appropriate QoL questionnaires to ensure
data reliability. Nevertheless, the limited sample size con-
strains the generalizability of our findings and the ability
to draw causal inferences. A major limitation of our study
was the lack of baseline TNSS, VAS data prior to initiation of
immunotherapy, which precluded within-patient longitudi-
nal comparison. In addition, because baseline PRQLQ scores
were not available, we were unable to quantify individual
QoL changes from pretreatment to follow-up, and our con-
clusions are limited to cross-sectional comparisons between
treatment-duration groups. Furthermore, the number of
studies in the literature that simultaneously evaluate symp-
tom scores and QoL according to SCIT duration in pediat-
ric pollen allergy patients remains very limited. Due to the
small number of participants in the PRQLQ subgroup, the
statistical power was limited; therefore, the results should
be interpreted with caution. It should also be noted that
all patients receiving <36 months of SCIT experienced treat-
ment interruptions due to the COVID-19 pandemic, which
affected both patient follow-up visits and availability of SCIT
extracts (vials). As a result, some patients were unable to
complete the planned 3-year course, which we believe was a
key factor contributing to higher symptom scores and lower
QoL in this group. During the COVID-19 pandemic period,
treatment interruptions were observed more frequently
among patients in the <36-month group. These interruptions
may have reduced cumulative exposure to immunotherapy
and thereby contributed to less favorable outcomes.

In conclusion, our findings demonstrate that adminis-
tering pollen SCIT for more than 36 months in pediatric AR
patients provides clear advantages in reducing clinical symp-
toms and improving QoL. These data confirm the clinical rel-
evance of the minimum treatment duration recommended
by international guidelines and reinforce the importance of
completing a continuous SCIT course of at least three years.
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