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Letter to the Editor
Immunological changes over three years treatment with Japanese
cedar SLIT drops in mono-sensitized and poly-sensitized individuals
Table 1
Patient background.

All patients
(N ¼ 233)

Mono-sensitized
(N ¼ 21y)
(N ¼ 91z)

Poly-sensitized
(N ¼ 121)

n (%) n (%) n (%)

Sex Male 107 (45.9) 45 (40.2) 62 (51.2)
Female 126 (54.1) 67 (59.8) 59 (48.8)

Age (year) 12e19 20 (8.6) 12 (10.7) 8 (6.6)
20e29 52 (22.3) 21 (18.8) 31 (25.6)
30e39 54 (23.2) 26 (23.2) 28 (23.1)
40e49 82 (35.3) 41 (36.6) 41 (33.9)
50e64 25 (10.7) 12 (10.7) 13 (10.7)
Mean (SD) 36.5 (11.6) 36.7 (11.9) 36.3 (11.4)

Number of
sensitized
allergensx

0 21 (9.0) 21 (18.8)y 0 (0.0)
1, 2 138 (59.2) 91 (81.3)z 47 (38.8)
3, 4 58 (24.9) 0 (0.0) 58 (47.9)
5, 6 16 (6.9) 0 (0.0) 16 (13.2)
7 0 (0.0) 0 (0.0) 0 (0.0)

JC sIgE
(kUA/L)

�3.5 to <17.5 120 (51.5) 70 (62.5) 50 (41.3)
�17.5 to <50 73 (31.3) 31 (27.7) 42 (34.7)
�50 to <100 32 (13.7) 9 (8.0) 23 (19.0)
�100 8 (3.4) 2 (1.8) 6 (5.0)

Japanese
cypress
sIgE
(kUA/L) ¶

<0.7 31 (13.3) 21 (18.8)y 10 (8.3)
�0.7 to <3.5 108 (46.4) 57 (50.9)z 51 (42.1)
�3.5 94 (40.3) 34 (30.4)z 60 (49.6)

JC sIgE/tIgE
ratio

Mean (SD) 0.23 (0.14) 0.28 (0.14) 0.19 (0.12)

SD, standard deviation; tIgE, total IgE; JC, Japanese cedar; sIgE, specific IgE.
y These patients were sensitized to only Japanese cedar (n ¼ 21).
z These patients were sensitized to both Japanese cedar and Japanese cypress

(n ¼ 91).
x The value (S0.7 kUA/L, class 2) was indicated as sensitized allergens. Derma-

tophagoides pteronyssinus, Dermatophagoides farinae, cat, dog, Japanese cypress,
orchard grass, Japanese alder were measured.
Dear Editor,

Japanese cedar (JC) pollinosis is the most common seasonal al-
lergy in Japan. It affects more than 40% of the Japanese population
and has serious impacts on quality of life and productivity of
affected individuals.1 Treatment of JC pollen allergy has tradition-
ally relied on pharmacotherapy like topical corticosteroids and an-
tihistamines. Although these medications may offer temporary
relief, they only address allergic symptoms and not the cause of
the disease. In contrast to symptomatic allergy medications, SLIT
is an immune modulatory treatment for adults and children that
addresses the underlying immune mechanisms of the disease and
may lead to persisting clinical effect.2

SLIT has been demonstrated to be clinically effective towards al-
lergy and asthma caused by a number of different allergens,3,4 but
due to the complexity of the disease no validated biomarkers for
successful allergy immunotherapy (AIT) have yet been identified.
In a recent position paper on AIT biomarkers, the relevance of in-
vivo and in-vitro markers were discussed.5 Among the seven do-
mains of biomarkers examined in the position paper, two serolog-
ical markers of particular importance, IgE (total IgE; tIgE), allergen-
specific IgE (sIgE) and allergen-specific IgG4 (sIgG4), were identi-
fied, with the recommendation that the sIgE/tIgE ratio should be
examined in more detail as an AIT biomarker.5

Recently, a drop-based sublingual allergy immunotherapy (SLIT)
product, Cedartolen®, was introduced in Japan as an alternative to
symptomatic medication. A recent phase IV trial (JapicCTI-142585)
examined the clinical efficacy, safety, and persistence of effect after
3 years of JC pollen SLIT drops (Cedartolen®) treatment.6 Clinical ef-
ficacy variables included ocular and nasal symptoms as well as pa-
tient recorded Quality of Life.6 Immunological parameters reported
from the trial included sIgE, sIgG4 and sIgG4/sIgE ratios from the
overall trial population as well as their respective correlations to
adverse events.6

As an extension of the data reported in6, we now report novel
data and additional analyses on the JCP SLIT-drop induced antibody
responses (tIgE, JC sIgE, JC sIgE/tIgE ratio, JC sIgG4) from the same
trial, but here with focus on the antibody responses in two sub-
groups of the trial population, mono and poly-sensitized patients,
respectively. Treatment-induced antibody responses represent
objective biomarkers and complement the clinical findings of the
trial.

All subjects in the trial (n ¼ 233) were recruited based on JC
sensitization and allergic symptoms during the JC pollen season.6
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The sensitization pattern was examined with a 7-allergen test-
panel (Table 1). 48% of the subjects (112/233) were considered
“mono-sensitized” to JC (Table 1). The immunological cross-
reactivity between allergens from the two phylogenetically related
tree species JC and Japanese cypress is substantial and determina-
tion of the primary sensitizationmay not be possible. Consequently,
the “mono-sensitized” group comprised subjects whose IgE reacted
either to JC alone (n¼ 21) or JC and Japanese cypress (n¼ 91) (Table
1). The remaining 52% of the subjects (121/233) were sensitized to
additional allergens (“poly-sensitized”) (Table 1). In addition to JC/
¶ Japanese cypress specific IgE value was measured by old cypress ImmunoCAP.
The value in Table 1 was converted to value in new cypress ImmunoCAP by
correction factor (x1.891, calculated by Torii's in house data).
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Fig. 1. A: JC sIgE and tIgE concentration in all patients. B: JC sIgE concentration in mono-sensitized patients and poly-sensitized patients. C: change from baseline level of JC sIgE in
mono-sensitized patients and poly-sensitized patients. D: tIgE concentration in mono-sensitized patients and poly-sensitized patients. E: change from baseline level of tIgE in
mono-sensitized patients and poly-sensitized patients. F: JC sIgE, tIgE and difference between tIgE and JC sIgE in mono-sensitized patients. G: JC sIgE, tIgE and difference between
tIgE and JC sIgE in poly-sensitized patients. H: JC sIgG4 concentration in mono-sensitized patients and poly-sensitized patients. I: change from baseline level of JC sIgG4 in mono-
sensitized patients and poly-sensitized patients. D, E, H: Mean and 95%CIs were calculated using the log10 transformed data. Right y-axis indicated fold-change from baseline. F, G:
Mean of (tIgE-JC sIgE) was calculated by averaged difference between tIgE and JC sIgE individual patients. Serum samples were collected at 0, 0.5, 1, 3, 6, 8, 12, 15, 18, 20, 24, 27, 30,
and 33 months after SLIT. Number of patients in all patients was 188e233 at each points. Number of patients in mono-sensitized patients was 99e112 at each points. Number of
patients in poly-sensitized patients was 89e121 at each points. Data was expressed as mean ± 95% confidence intervals. Black line: all patients, blue line: mono-sensitized patients,
orange line: poly sensitized patients, circle: JC sIgE, square: tIgE, upward triangle: tIgE minus JC sIgE, downward triangle: JC sIgG4, gray box on x-axis: Japanese cedar pollen season.
JC sIgE; kUA/L, tIgE; kU/L, sIgG4; mgA/L. m, months; tIgE, total IgE; JC, Japanese cedar; sIgE, specific IgE.
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Japanese cypress, poly-sensitized individuals were positive for IgE
to one or more of the following allergens: House dust mite (Derma-
tophagoides pteronyssinus and Dermatophagoides farinae), cat, dog,
orchard grass and Japanese alder. Examining the IgE responses in
mono and poly-sensitized individuals separately is relevant due
to the single-allergen species content of most SLIT products. In
fact, IgE towards other allergens than JC contributes to the tIgE con-
centration and influences the sIgE/tIgE ratio which has been sug-
gested to correlate with the outcome of AIT.5,7

The typical expression pattern of sIgE during pollen AIT, partic-
ularly SLIT, is a transient increase in sIgE during the first weeks of
treatment followed by subsequent increases through the successive
pollen seasons.8 This pattern is also evident in the current trial.
Although the baseline level of tIgE was higher compared to sIgE,
similar fluctuations of sIgE and tIgE occurred during SLIT
(Fig. 1A). When mono and poly-sensitized subjects were examined
separately, the initial increase in sIgE seemed to be higher in the
poly-sensitized group compared to the mono-sensitized group
(Fig. 1B) but when measured relative to baseline, no difference be-
tween mono and poly-sensitized subjects could be detected
(Fig. 1C).

Moreover, the tIgE expression patterns in the mono and poly-
sensitized groups were similar (Fig. 1D). The higher baseline value
of tIgE in the poly-sensitized groupwas expected as the presence of
IgE to other allergens than JC contributed to the level of tIgE.

Compared to baseline, the relative change in tIgE during the
course of treatment was lower in the poly-sensitized group
compared to the mono-sensitized group, most likely as a result of
the higher tIgE baseline, but the overall tIgE fluctuation pattern
during the course of the trial was similar in the two groups (Fig. 1E).

The finding of similar overall expression patterns of tIgE in the
mono- and poly-sensitized groups differing only with regard to
baseline was interesting as it indicated that the only, or at least pre-
dominant, reason for the observed treatment-induced fluctuations
in tIgE expression was changes in JC sIgE. This is illustrated in Figs.
1F and Gwhere the concentrations of sIgEwere subtracted from the
concentrations of tIgE at each time-point resulting in flattening of
the curves and marked reductions in season-induced fluctuations.

An often-used biomarker of AIT is the expression of sIgG4
induced by SLIT.5 As seen in Figure 1H, the concentration of JC
sIgG4 increased during the first weeks after treatment initiation
followed by transient increases during the successive pollen sea-
sons, consistent with previous reports.8 Although the levels of JC
sIgG4 appeared higher in poly-sensitized compared to mono-
sensitized subjects, there were no differences between the two
groups. When changes in the JC sIgG4 expression levels were
compared to the baseline-levels to baseline, the fold-changes
from baseline of sIgG4 were nearly identical in the two groups
(Fig. 1I), supporting similar immunological responses to AIT in
mono and poly-sensitized individuals.

The sIgE/tIgE ratio at baseline has beenproposed to correlatewith
the outcome of AIT in mono-sensitized subjects.7,9 However, no
consensus about cut-off values for correlation exist (e.g. �6% sIgE/
tIgE9 and �16.2% sIgE/tIgE7 have been proposed), and other trials
failed to corroborate the predictive value of the sIgE/tIgE ratio.5 As
demonstrated here, the poly-sensitized group of subjects showed
increased baseline tIgE and a different sIgE/tIgE ratio compared to
the mono-sensitized group (Table 1), but the clinical scores
(expressed as the total nasal symptom and medication score,
TNSMS) in the first season of the trial were similar in the full
cohort (TNSMS ¼ 5.47 ± 3.38)6 and the mono-sensitized
(TNSMS ¼ 5.66 ± 3.86) and poly-sensitized (TNSMS ¼ 5.28 ± 2.84)
Please cite this article as: Matsuoka T et al., Immunological changes over
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groups (mean ± SD). Similar clinical effects in mono- and poly-
sensitized individuals have previously demonstrated in other SLIT
trials.10 Taken together, additional data are needed to establish the
relevance of the sIgE/tIgE ratio as a biomarker for successful AIT. A
limitation of this study was that the design of the clinical trial did
not support identification of individual responders and non-
responders which prevented the demonstration of a correlation be-
tween the immunological biomarker response and clinical effect. To
firmly establish tIgE and sIgE as surrogate biomarkers of clinical ef-
fect, larger clinical trials that include individual patient baseline
data are needed.

The data presented here suggested that the changes in tIgE
expression during JC SLIT were predominantly if not entirely driven
by changes in JC sIgE, regardless of mono or poly-sensitization sta-
tus. Furthermore, the observed changes in tIgE were similar to
changes in sIgE over time as a result of treatment and followed a
pattern typical for SLIT, indicating that the fluctuations of tIgE in
the initial months of treatment could be useful as a biomarker of
SLIT-treatment.
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