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Although children allergic to eggs, milk or wheat in infancy tend to
become tolerant by school age, the allergic status of these children at
school age has not been well evaluated. To investigate the allergic status
of schoolchildren who avoided eggs, milk or wheat because of an
immediate-type allergic reaction at < l-yr-old (food avoiders in in-
fancy), we conducted a large-scale questionnaire-based survey
of schoolchildren. A questionnaire on allergic diseases was distributed
to the parents of 14,669 schoolchildren aged 7 to 15 yr in 30 schools in
Kyoto, Japan. Of these, 13,215 responded (response rate, 90.1%). The
rate of 7-yr-old children who were food avoiders in infancy was 5.4%.
This rate decreased as the current age of the children increased, down to
3% in 15-yr-old children, indicating that food allergy in infancy tended
"to become more prevalent over the past 8 yr. Although more than 80%
became tolerant to these foods by school age, the prevalence of bron-
chial asthma, atopic dermatitis, allergic rhinitis and allergic conjuncti-
vitis were significantly higher in this group. Moreover, avoidance of
other foods (buckwheat, shellfish, fruits and others) at school age was
seen at much higher frequencies than in non-food avoiders in infancy
(adjusted odds ratio, 7.7; confidence interval, 5.9-10.2). This risk did
not differ significantly between those who did and did not develop
tolerance to eggs, milk and wheat by 3 yr old. In conclusion, food
avoiders in infancy appear to have a higher risk of not only other
allergic diseases (‘atopic march’) but also allergy to other foods (‘food
allergen march’) at school age, indicating the need for continuous
attention to food allergy.
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An increasing prevalence and concern about
food allergy, especially among children, has been
reported in developed countries (1-4). In the
United States, food allergy usually starts in
infancy as an immediate-type allergy to eggs,
milk, peanuts or soy (5). In Japan as well, three
major foods (eggs, milk and wheat) have been
shown to be the most frequent allergens for
immediate-type allergic reactions in infancy (6).
Although children allergic to these food allergens
in infancy have a tendency to become tolerant by
school age (7), patients allergic to other foods,
such as peanuts, tree nuts, fish, shellfish and
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especially buckwheat in Japan (8), are much
more likely to maintain their clinical reactivity
during or even after school age.

Atopic march usually refers to the tendency of
a child with eczema in infancy to develop asthma
and allergic rhinitis as he or she becomes older (9,
10). Recent epidemiological studies have shown
that the same tendency exists for children with
food allergy in infancy. A study of 1749 infants
has shown that those with IgE-mediated milk
allergy had a significantly increased risk for
persistent milk allergy, development of other
food allergies, asthma and rhinoconjunctivitis



(11). Also, another study has shown that in 118
children with milk allergy, the children with IgE-
positive milk allergy were more likely to have
other allergic diseases and sensitization to any
allergen by school age (12). Similar increases in
respiratory allergic symptoms and aero-allergen
sensitization have been shown in infants with egg
allergy (13). However, there so far has been a
paucity of data regarding risk of other food
allergies in school-age children with food allergy
in infancy. Thus, it would be clinically important
to see whether those who had been allergic to
eggs, milk or wheat in infancy had a greater risk
for allergy to other food antigens as they grow
older, even if they outgrow their initial food
allergy.

For that purpose, we investigated the allergic
status of schoolchildren who avoided eggs, milk
or wheat because of immediate-type allergic
reactions at < l-yr-old (food avoiders in in-
fancy), through analysis of a questionnaire-based
survey of more than 13,000 schoolchildren.

Subjects and methods

Epidemiological studies on the prevalence of allergic diseases
in schoolchildren

In June 2006, a questionnaire dealing with
allergic diseases was distributed through teachers
to the parents of all 14,669 children aged 7 to
15 yr attending 30 randomly selected schools in
Kyoto, Japan. Informed consent was obtained
from the parents who responded to the ques-
tionnaires. We collected the questionnaires
through the schools. This study was designated
as the Allergic Schoolchildren in Kyoto (ASK)
study and was approved by the Ethics Commit-
tee of Kyoto University Graduate School of
Medicine.

Definition of “food avoiders in infancy’ and other allergic
diseases

With - respect to food allergy, we asked the
following - questions: (1) Does your child ever
have allergic symptoms, such as skin symptoms
like hives or respiratory symptoms like cough/
wheeze, within 1 to 2 h after ingesting a partic-
ular food? (2) Does your child avoid particular
foods due to these symptoms? (3) If so, what are
the kinds of foods and the duration of avoid-
ance? Those who answered ‘yes’ to both ques-
tions 1 and 2 were regarded as having either a
past history or present illness of immediate-type
food allergy, and the kinds of foods avoided were
tabulated. Among them, those who avoided any

Children with food allergy in infancy

of the three major food allergens (eggs, milk or
wheat) from <1 yr of age were defined as ‘food
avoiders in infancy’. These three foods were
chosen because, among 589 subjects who avoided
any foods from <1 yr of age, 551 subjects
(93.5%) avoided either eggs (n = 439), milk
(n = 202) or wheat (n = 114), indicating that
these are exclusively important food allergens
during infancy in Japan, as shown previously (6).
The food avoiders in infancy were further divided
into two subgroups, depending on whether they
developed early tolerance (avoidance could be
terminated for all three foods by 3 yr old). The
questionnaire on the prevalence of four other
allergic diseases [bronchial asthma (BA), atopic
dermatitis (AD), allergic rhinitis (AR) and aller-
gic conjunctivitis (AC)] was based on and com-
parable to the one used by the International
Collaborative Study of Asthma and Allergies in
Childhood (ISAAC) (14) and was prepared and
validated by the Study Group of Epidemiology
of Allergic Diseases founded by the Japanese
Ministry of Public Health and Welfare in 1993
(15). Definitions of these allergic diseases based
on the questionnaire are described elsewhere
(16).

Statistical analysis

Following the descriptive statistics, we devel-
oped univariate and multivariate logistic regres-
sion models to evaluate the effects of early food
avoidance on present food avoidance and other
allergic diseases. The dependent variables
included bronchial asthma, atopic dermatitis,
allergic rhinitis and allergic conjunctivitis, and
the independent variables included age, gender
and birth order. p-values <0.05 were consid-
ered statistically significant. All statistical anal-
yses were carried out using SAS software
(Version 9.1; SAS Institute Inc., Cary, NC,
USA).

Results

A total of 13,215 questionnaires were collected
(response rate, 90.1%). The rate of food avoiders
in infancy was 5.4% in 7-yr-old children. This
rate decreased as the current age of the children
increased, down to 3% in 15-yr-old children
(Fig. 1). The overall rate of food avoiders in
infancy was 4.2%. Sex ratio (male/female) and
age distribution (y, mean + standard deviation)
of food avoiders in infancy vs. non-food avoiders
in infancy were 1.35 vs. 1.02' (p = 0.02) and
93+ 24 vs. 99 £ 2.5 (p < 0.0001), respec-
tively, indicating that there were significantly
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61 more male and younger children among food
avoiders in infancy. Analysis of the age at which
X 51 the avoidance was terminated showed that more
> than 80% became tolerant to these foods by
s 4| school age (Fig. 2). However, prevalence of BA,
= AD, AR and AC were significantly higher in
% 3 food avoiders in infancy (Table 1) at school age,
2 0 both by univariate and multivariate analysis. In
5 2 these analyses, the adjusted odds ratio was
8T highest in AD (3.18), followed by BA (2.68),
£® AC (1.76) and AR (1.57).
e | Moreover, present avoidance of other foods
g was seen at much higher frequencies in food
o , , , ' , , ‘ , l avoiders in infancy compared to non-food
7 8 9 10 1t 12 13 14 15 avoiders in infancy (adjusted odds ratio, 7.7,
Age (yr) confidence interval, 5.9-10.2) at school age
(Table 2). Foods other than eggs, milk and
Fig. 1. Rate of food avoiders in infancy according to pres- wheat were avoided in 17.0% of food avoiders
ent age. in infancy, whereas only 1.9% of non-food
avoiders in infancy refrained from eating these
@) g0 - foods. These risks did not differ significantly
90 | in those with or without early tolerance
o B80T (Table 3).
B 70} The frequencies of the kinds of other foods
q§ gg I that were avoided are shown in Fig. 3. The most
8 40t —o— Egg frequently avoided food was buckwheat, fol-
2 30 —— Milk lowed by shellfish and fruit in both groups.
© 20t —&— Wheat Compared to children in the United States,
18 | . , , ‘ , , relatively fewer children avoided peanuts.
1 2 3 4 5 6 There was a striking difference in the age
distribution at which the present avoidance of
®) other foods was started. While 54% started
100 [ avoiding those foods at the age of 4 yr or more
gg i in non-food avoiders in infancy, 52% started
g ol at <1lyr old in food avoiders in infancy
> 60} (Fig. 4).
g s0t
8 a0} —*—Egg
S 30t —=— Milk Discussion
® ot —4— Wheat
1ok The rate of food avoiders in infancy decreased as

T the current age of the children increased, con-
1283456 7 8 910111213 14 firming a rising trend of food allergy in infancy
Age (yr) over the past 8 yr. More than 80% of this

Fig. 2. Recovery from egg, milk or wheat avoidance population outgrew alle'rgle's ,to eggs, milk apd
according to age. Data with food avoiders in infancy nowat ~ Wheat by school age, which is in accordance with
(a) 7 yr olds and (b) 15 yr olds are shown. most of the previous studies, but contrary to the

Table 1. Prevalence of allergic diseases in schoolchildren with or without food avoidance in infancy

Food avoiders in Non-food avoiders p-value p-value Adjusted

infancy {n = 556) in infancy (n = 12,659) (univariate) (multivariate)* OR 95% Cl
BA 95 (17.1%) - 569 (4.5%) <0.0001 <0.0001 268 2.08-3.46
AD 106 {19:1%) 629 (5.0%) <0.0001 <0.0001 3.18 2.50-4.04
AR 263 (47.3%) 3358 (26.5%) <0.0001 <0.0001 1.57 1.29-1.91
AC 245 (44.1%) 3079 (24.3%) <0.0001 <0.0001 1.76 1.45-2.15

OR; odds ratio; Cl, confidence interval; BA, bronchial asthma; AD, atopic dermatitis; AR, allergic thinitis; AC, allergic conjunctivitis:
*Adjusted for age, gender, birth order and other allergic diseases.
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Table 2. Present food avoidance {other than eggs, milk or wheat) in schoolchildren with or without food avoidance in infancy

Food avoiders Non-food avoiders p-value p-value Adjusted

in infancy (n = 556) in infancy (n = 12,659}  (univariate) (multivariate)* OR 95% Cl
Present food avoidance {other than eggs, milk or wheat) 94 (17.0%) 243 (1.9%) <0.0001 <0.0001 7.72 5.87-10.16
OR, odds ratio; Cl, confidence interval.
*Adjusted for age, gender, birth order and other allergic diseases.
Table 3. Present food avoidance (other than eggs, milk or wheat) in food avoiders in infancy with or without early tolerance

Early tolerance®
p-value
Yes (n = 362) No (n = 194) {univariate) OR 95% Ci

Present food avoidance {other than eggs, milk or wheat) 64 {17.7%) 30 {15.5%) 0.51 0.85 0.53-1.37

0OR, odds ratio; Cl, confidence interval.

*Early tolerance means that avoidance could be terminated for all three foods by 3 yr old.

100
90 o Food avoiders in infancy
80 L Non-food avoiders in

infancy

70

Number of avoiders

Kind of food

Fig. 3. Distribution of foods, other than eggs, milk or
wheat, being avoided at present.

BRoyr El2yr @4 yrormore
r By 3yr
Non-food
avoiders in
infancy

Food avoiders in
infancy

L X s i X i 1 i i )

0%. 10%. 20% 30%- 40% 50% 60% 70% 80% 90% 100%
% distribution of age

Fig. 4. Distribution of starting age for. food avoidance
other than eggs, milk or wheat.

recent reports by Skripak et al. (17) who showed
that rates of resolution of milk allergy were only
42% and 64% by age 8 and 12 yr respectively. As

their study design is a retrospective review of the
clinical records of two tertiary care centres,
possible population bias toward more severe
cases might explain the different results. As
expected from the recent literature (11-13), food
avoiders in infancy appear to have a higher risk
of other allergic diseases at school age. AD was
most strongly linked to food avoidance in
infancy, supporting the proposed relationship
between food allergy and AD (18). Our data also
showed that food avoiders in infancy avoid other
foods at much higher frequency at school age,
suggesting the existence of not only ‘atopic
march’ but also ‘food allergen march’. Moreover,
the risk of present food avoidance did not differ
significantly between those with and without
early food tolerance, indicating that food avoid-
ers in infancy are at risk of having food allergy
from other causes at school age, whether they
could achieve tolerance to eggs, milk and wheat
at earlier ages (<3 yr old) or not.

Differences in ages at which the present food
avoidance started suggest that food avoiders in
infancy develop symptoms of other food allergies
at a much lower age. There might be some
genetic  predisposition to allergies to  various
kinds of foods in these individuals. In this
respect, we  previously reported that SPINKS
polymorphism, known to cause skin barrier
dysfunction, was associated not only with AD
but also with food allergy (19), suggesting the
existence of genetic barrier dysfunction of not
only skin but also intestinal epithelium.

An alternative explanation to the association
between early and present food avoidance might
be that parents of food avoiders in infancy tend
to avoid other foods with only subtle, ‘possibly
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allergic’ symptoms at a much lower age because
of concerns about food allergy. Actually,
a population-based study of 798 6-yr-old chil-
dren in the United Kingdom revealed that the
rates of perception of food hypersensitivity are
higher than the prevalence of sensitization to
main food allergens and the prevalence of food
hypersensitivity based on food challenges (4).
The possible overconcern might be associated
with the notion that the foods avoided at present,
such as buckwheat, shellfish and fish, cause more
severe anaphylactic reactions (20). Thus, appro-
priate medical assessment, such as measurement
of allergen-specific IgE and food challenge tests,
should be performed and unnecessary food
avoidance, if any, be discontinued, because food
avoidance has been shown to negatively affect
health-related quality of life in children (21).
Also, food avoidance may cause growth distur-
bance (22) and psychological burden (23) in
children.

One limitation of the study is that the validity
of food avoidance in infancy cannot be con-
firmed by physician diagnosis or any laboratory
data because it is a large population-based
questionnaire survey. However, parents were
asked about the existence of food-induced aller-
gic reactions, and those avoiding foods without
any food-specific immediate-type reactions were
excluded from the analysis, making the data
more reliable than simply including all those who
avoided foods in the analysis. In support of this,
the rate of food allergy prevalence of 3% to 5%
in infancy in our data is comparable with other
recently reported prevalence rates (1, 24). An-
other limitation is possible recall bias, in which
parents of food avoiders in infancy might
remember more about their children’s allergic
diseases, although we do not think it is a
significant concern because we defined the pres-
ence of each disease based on the existence of
current symptoms deliberately described in the
questionnaire (16),  which - is  unlikely to be
affected by the parent’s memory.

In" conclusion, - our data clearly ~show - the
significant link between food allergy to eggs,
milk or wheat in infancy and that to other foods
at school age and calls for continuous attention
to food avoiders in infancy up to school age, with
respect not only to other allergic diseases but also
to other food allergies.
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Successful autologous peripheral

blood stem cell transplantation with a
double-conditioning regimen for recurrent
hepatoblastoma after liver transplantation

Niwa A, Umeda K, Awaya T, Yui Y, Matsubara H, Hiramatsu H,
Watanabe K-I, Adachi S, Itoh T, Uemoto S, Nakahata T. Successful
autologous peripheral blood stem cell transplantation with a double-
conditioning regimen for recurrent hepatoblastoma after liver trans-
plantation.
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Abstract: A four-yr-old boy developed a solitary metastasis nine
months after living-related liver transplantation for unresectable
hepatoblastoma. After resection of the metastatic lesion, he received an
auto-PBSCT with a double-conditioning regimen consisting of
melphalan and thiotepa. Auto-PBSCT could be safely performed
without any serious regimen-related toxicity or infection. However,
transient cessation of tacrolimus during myelosuppression resulted in
graft rejection of the liver just after hematological engraftment, but
rejection was resolved by tacrolimus and methylprednisolone. The
patient is alive and free from disease two yr after auto-PBSCT without
any signs of graft rejection. High-dose chemotherapy using this
conditioning regimen may be feasible for recurrent hepatoblastoma
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Hepatoblastoma is a common malignant tumor
in childhood. Combination of multidrug chemo-
therapy and surgical resection has improved the
survival rates up to 70% (1, 2). Furthermore, LT
has recently contributed to the elevation of cure
rates for patients with an unresectable tumor.
The prognosis of relapse cases after LT, however,

Abbreviations: AFP, - alpha-fetoprotein; ~ALP, - alkaline
phosphatase; ALT, alanine transaminase; AST, aspartate
transaminase; auto-PBSCT, autologous peripheral blood
stem cell transplant; CBDCA, carboplatin; CDDP, cis-
platin; CMYV, cytomegalovirus; CT, computer tomography;
EBYV, Epstein-Barr virus; G-CSF, granulocyte-stimulating
factor; GGT, gamma ghitamyl transferase; HLA; human
leukocyte antigen; IFO, ifosfamide; JPLT, Japanese Study
Group for Pediatric Liver Tumor; LDH,  lactate de-
hydrogenase; L-PAM, melpharan; LRLT, living-related li-
ver transplantation; LT, liver transplantation; mPSL,
methylprednisolone; PBSC, peripheral blood: stem cell;
TEPA, ‘thiotepa; THP-ADR; tetrahydropyranyl-adriamy-
cin; VOD, veno-occlusive disease.

after liver transplantation in terms of safety and anti-tumor activity.
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remains dismal and the treatment of such cases
has not been established (3, 4). Here, we report a
case that underwent auto-PBSCT with high-dose
chemotherapy for recurrent hepatoblastoma
after LT and discuss the role of high-dose
chemotherapy for such cases.

Case report

A four-yr-old boy with an abdominal mass was
diagnosed with embryonic hepatoblastoma by
liver biopsy. At the time of diagnosis, the AFP
level was 1 880 000 ng/mL. Abdominal CT
showed that the tumor involved both lobes,
which was categorized as pretreatment extent of
disease system (PRETEXT) III (5). There was no
metastatic disease detected by bone scintigraphy
or chest CT scan. He was treated with two
courses - of  CDDP 80 mg/m on day one
and THP-ADR 30 mg/m’> on days one and
two, and three courses of IFO 3 g/m?* on days
one and two, CBDCA 400 mg/m? on day three,
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THP-ADR 30 mg/m? on days fOUI and five, and
etoposide (VP16) 100 mg/m* on days 1-5,
according to the JPLT protocol (6), and with
additional two courses of irinotecan (CPT-11)
20 mg/m” daily for five days. Even after those
therapies, however, the size of the tumor did not
change, and the AFP level remained high at
170 000 ng/mL.

At the age of four yr and eight months, the
patient was transferred to our hospital for
treatment of unresectable hepatoblastoma. He
underwent LRLT from his mother and was
treated with three courses of CPT-11 at 20 mg/
m? daily for five days post-operatively. The AFP
level normalized, and abdominal and chest CT
scans showed no evidence of disease. He received
tacrolimus orally and there was no sign of graft
rejection.

Nine months after LRLT, the AFP levels
increased to 68 ng/mL, and chest CT demon-
strated a solitary tumor measuring 6.5 mm in the
upper lobe of left lung. He underwent a wedge
resection of left lung and histological examina-
tion of the tumor confirmed relapse of the
disease. As the tumor is thought to be at least
partially resistant to the standard chemotherapy
used prior to LT, we planned to use L-PAM and
TEPA with stem cell rescue, both of which had
not been used and were expected to retain anti-
cancer effect. Thereafter, PBSC containing
5.1 x 10% cells/kg CD34" cells were harvested
after mobilization with nogitecan at 1 mg/m”
daily for five days and G-CSF.

The clinical course of auto-PBSCT is shown in
Fig. 1. For fear of a higher risk of severe
regimen-related toxicity, the patient received a
modified double-conditioning regimen (two cy-
cles of drug combinations with a one-wk interval)
that was originally reported by Hara et al. (7).

PBSCT = Liver biopsy

R T T TR

11 11 mPSLL m

o
L e asa 4 &

Day-14 1 6 7 14 21 28

Fig. I. The clinical course of auto-PBSCT after LT.

260

The regimen consisted of 50 mg/m> L-PAM on
days 11, 10, four, and three; TEPA of 150 mg/m?
on days 11 and 10 and 200 mg/m* on days four
and three. He also received ursodeoxycolic acid,
low-molecular-weight heparin, antithrombin III
for prophylaxis for VOD of the liver. Tacrolimus
was discontinued just before the start of condi-
tioning for fear of severe renal toxicity because of
concomitant administration of L-PAM. PBSC
containing 3.3 x 10%/kg CD34" cells were in-
fused, and G-CSF was started from day six until
engraftment.

Hematological engraftment was prompt; abso-
lute neutrophil counts reached more than
0.5 x 10°/L on day 10; reticulocytes were more
than 109, on day 14; platelet counts were more
than 5.0 x 10°/L on day 10. There were no severe
regimen-related toxicities, such as mucositis,
renal toxicity, or VOD, and no severe infections.

Pyrexia occurred on day four, and was diag-
nosed as clinical engraftment syndrome. The
patient was treated with mPSL intravenously for
four days starting on day five, which improved
the symptom. Although tacrolimus was resumed
on day 11, marked elevation of serum AST
(477 IU/L), ALT (452 TU/L), LDH (654 IU/L),
ALP (831 1U/L), and GGT (187 IU/L) levels
occurred on the same day. Abdominal CT scan
showed normal findings and there was no reac-
tivation of CMV or EBV. He was diagnosed as
having mild acute cellular rejection based on
histological examination of a liver biopsy spec-
imen (Fig. 2). mPSL was given intravenously for
10 days starting on day 11, and liver dysfunction
rapidly improved. The patient was alive and free
from disease two yr after the auto-PBSCT with
no signs of graft rejection.

Fig. 2. Histology of liver biopsy on day 11 showing a pre-
dominantly lymphocyte infiltration in portal tracts, which
was diagnosed as acute cellular graft rejection.
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Discussion

Chemotherapy has improved the prognosis of
hepatoblastoma (1, 2). However, the outcome of
chemoresistant cases remains extremely poor,
and effective treatment for such cases has not
been established. Although the role of high-dose
chemotherapy in the treatment of hepatoblas-
toma tremains controversial, there are some
reports describing auto-PBSCT for hepatoblas-
toma (7-9). Our case underwent LRLT but a
solitary lung metastasis developed. Although the
metastatic lesion could be removed completely,
the prognosis was thought to be poor, since
previous reports indicated that most patients
with relapse after LT died their disease (4).
Moreover, these cases were thought to be
resistant to CDDP, THP-ADR, IFO, CBDCA,
and VP16 at standard doses, which are the key
drugs to treat hepatoblastoma. Therefore, we
used high-dose chemotherapy with stem cell
rescue using two alkylating agents, L-PAM and
TEPA, which had not been used in this case and
are reported to have potent anti-tumor activity
N.

There has not been any report of successful
auto-PBSCT after LT. Compared with conven-
tional auto-PBSCT, it remains unknown
whether the preconditioning regimen could be
tolerated by patients with a transplanted liver.
Double-conditioning regimen (two cycles of
drug administration with a one-wk interval), a
modification of the treatment reported by Hara
et al. (7), was selected to reduce regimen-
related toxicities to a minimum while retaining
the anti-cancer effect. Indeed, there was no
serious regimen-related toxicity in this case.
There was no severe infection either, despite
using immunosuppressive agents to prevent
graft rejection after LT. Although the follow-
up period remains relatively short, high-dose
chemotherapy with auto-PBSCT might be
effective as a consolidation therapy after resec-
tion of a metastatic lesion. Thus, high-dose
chemotherapy with stem cell rescue could be
considered for cases with metastatic or relapsed
tumors that were resistant to the standard
chemotherapy.

Even in conventional auto-PBSCT, the com-
bination of L-PAM and TEPA has been reported
to cause severe renal toxicity (7). To reduce the
risk of severe renal toxicity, the total dose of L-
PAM was reduced from 280 mg/m?, that was
originally reported (7), to 200 mg/m?. Further-
more, to gain sufficient time for the elimination
of L-PAM, tacrolimus was discontinued from the
beginning of the conditioning regimen until

Auto-PBSCT for hepatoblastoma after LT

hematological engraftment. As a result, graft
rejection did occur on day 11 although it had not
previously been observed before auto-PBSCT. In
cases undergoing allogeneic BMT from HLA-
matched sibling donor after LT, graft rejection
was not reported when immunosuppressive
agents were transiently discontinued during
administration of preconditioning drugs, then
restarted from one day before transplantation
(10, 11). Therefore, it is suggested that at the
early stage of auto-PBSCT, only a few engrafted
cells can cause graft rejection in the absence of
immunosuppressive agents. Low dose of tacro-
limus or steroids after conditioning might reduce
the risk of graft rejection.

In conclusion, we successfully performed auto-
PBSCT after the double-conditioning regimen
with L-PAM and TEPA for recurrent hepato-
blastoma after LT. If the patient is in good
condition, the conditioning regimen with L-PAM
and TEPA can be performed safely after LT, and
possibly prevent relapse of hepatoblastoma that
is refractory against standard chemotherapies.
More sophisticated immunosuppressive therapy
after conditioning will be required to prevent
graft rejection.
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TasLe 2 Details of response to sequential treatments where applicable (n=10)

: Severltyof

No. _ disease _ Firsttreatment Secondtreatment  Third treatment
1 Severe Amlodopine X Nifedipine N - -
2 Moderate Amlodopine X GTN X - -
3 Moderate Amlodopine X GTN X - -
4 Severe Nifedipine X Amlodopine b3 - -
5 Severe Nifedipine X Amlodopine X GTN v
6 Moderate Nifedipine X GTN X -

7 Severe GTN X Amlodopine X Nifedipine v
8 Moderate Nifedipine X GTN N4 - -
9 Severe Amlodopine X Nifedipine X GTN X
10 Moderate Amiodopine v GTN v - -

x: no response/inadequate response; /: response.
Overall, GTN patches were effective in 55% of the trea- References

ted patients. Efficacy was better than that of nifedipine
and amlodipine (33 vs 25% response rate, respectively),
but small numbers and retrospective analysis does not
allow statistical comparison. Response was similar in
primary and secondary RP. Children with severe RP had
a better response to nifedipine and amlodopine than
children with moderate disease. The sub-group with
severe disease was more likely to be using a disease-
modifying drug, which may have had an impact.
However, numbers are too small for any conclusion to
be drawn from this.

Application of GTN patches aliows removal if adverse
events occur. Together with absence of tablets, this may
make treatment with GTN attractive in paediatric practice.
All patients received Deponit GTN patches. Alternative
brands may not have adequate skin adhesion when
cut into quarters for this off-license use.

GTN patches, nifedipine and amlodipine offer sympto-
matic relief for patients with moderate primary/secondary
RP. Further studies, including head-to-head trials, are
needed to determine if one agent is superior. Meanwhile,
GTN patches offer an alternative to oral calcium channel
blockers for symptomatic relief of paediatric RP.

~_BRheumatology key message

¢ GTN'patches are an efficacious: treatment. option:in
paediatric RP.
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A case of early-onset sarcoidosis with a six-base
deletion in the NOD2 gene

SR, We present the first case of early-onset sarcoidosis
(EOS,: MIM 'no. 609464) with" a six-base deletion in the
NOD2:gene; resulting in. the replacement: of one amino
acid and: the deletion: of two additional amino: acids.: All
previous mutations reported for EOS and Blau syndrome
(BS; MIM no. 186580) were single-base substitutions that
resuited in the replacement of a single amino acid [1-3].

The " patient: was:'a Japanese male born - after. an
uncomplicated: pregnancy ‘and delivery.. His: family had
no symptoms: of - skin lesions, arthritis: or- uveitis.. At
5 years of age, he was diagnosed with bilateral severe
uveitis. He became blind in.both eyes during adolescence.
He had: swollen ankles without pain- during childhood,

www.theumatology.oxfordjournals.org
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and developed arthritis in his both knees and ankles at
15 years of age. At 30 years, a skin rash had developed
on his extremities after his first BCG vaccination. The skin
lesions were scaly erythematous plagues with multiple
lichenoid papules and some pigmentation. At the same
age, camptodactyly without obvious synovial cysts of
the hands was observed, and the deformity in all fingers
developed by 35 years. At 41 years, he had low-grade
fever for 1 year. He had no pulmonary lesions. His labora-
tory investigations showed normal white blood cell count,
mildly elevated CRP (1.0 mg/dl) and ESR (20 mm/h).
A skin biopsy from his left forearm revealed non-caseating
granulomas without lymphocyte infiltration. There were no
indications of infection by Mycobacterium.

The clinical symptoms and pathological findings on
the biopsied skin indicated that the patient suffered from
EOS. It has been reported that EOS and BS have
a common genetic aetiology due to mutations in the
NOD2 gene that cause constitutive Nuclear Factor
(NF)-«<B activation [4, 5]. Thus we analysed the NOD2
gene from the patient to look for mutations that might
correlate with the pathology of EOS. A written informed
consent was obtained from the patient and his families,
according to the protocol of the institutional review board
of Kyoto University Hospital and in accordance with the
Declaration of Helsinki. Genomic sequencing analysis of
the patient’'s NOD2 gene showed the presence of
a heterozygous deletion of six bases in exon 4, which
resulted in ¢.1493_1498delAACTGT, p.E498V, 499-
500de! (Fig. 1A). The mutation was novel and was not
identified in 100 normal controls. A genome alignment of
NOD2 among several species showed that E498, 1499
and L500 are conserved from zebrafish to- human
(Fig. 1B). These data strongly suggested that the identified
deletion of six bases in the NOD2 gene is not a single
nucleotide polymorphism: (SNP), but is probably respon-
sible for EOS in the patient.

Previous studies report that NOD2 mutations causing
EOS/BS show constitutive activation of NF-«B [6-8].
Therefore, we investigated the level of NF-xB activity
associated with the new mutation  identified - here.
First, we confirmed the level of mRNA expression of the
mutated allele by subcloning: analysis- of NOD2-cDNA,
which showed that the mutated allele was: expressed as
well as the wild type allele (data not shown). We:then
evaluated the ability of the NOD2 mutant to constitutively
activate ‘NF-xB by ‘using-an- in. vitro' reporter. system- in
HEK293T cells transfected with both NOD2 mutants. and
NF-kB-reporter plasmids (Fig. 1C).. The" deletion mutant
demonstrated  almost: five -times: more ' NF-«B: activity
than “wild type: without - 'muramyl = dipeptide::: (MDP)
stimulation.: Western ' blot: analysis confirmed that NOD2
mutant protein: expression ‘was similar to. that- of- wild
type (Fig. 1C). Thus, like other mutations of NOD2 identi-
fied previously,. the' deletion mutant identified here also
showed constitutive activation of NF-«B.

The mechanism underlying EOS/BS has not been totally
understood; although" two - pathways downstream'.from
NOD2 have: been identified: NF-xB: activation  through

www.rheumatology.oxfordjournals.org

receptor-interacting protein  (RIP) like interacting
caspase-like apoptosis regulatory protein kinase (RICK)
and MAP kinase activation through the caspase recruit-
ment domain 9 (CARD9) [9]. We previously tested
10 NOD2 missense mutations that have been identified
in our cohort of EOS/BS patients in Japan, and all of
them demonstrated constitutive activation of NF-«B [3].
By analysing this newly identified deletion mutant, we
have further confirmed the importance of constitutive
activation of NF-xB by mutated NOD2 for the patho-
genesis of EOS/BS. We would like to emphasize the

Fiac. 1 (A) Summary of the mutations identified in our
patient. (B) NOD2 protein alignment among different
species on the mutated amino acids. (C) NF-«B reporter
assay using the NOD2 deletion mutant. /n vitro NF-«B
reporter assays were performed as previously described
[1, 3, 6, 7]. Mock vector, wild type NOD2 (WT) and three
NOD2 variants (R334W, C495Y, H496L) derived from
EQS/BS patients, were used as controls. Values represent
the mean of normalized data (mock without MDP = 1)
of triplicate cultures, and error bars indicate s.0. Shown
is one representative result of three independent
experiments. Protein expression levels of NOD2 mutants
analysed by western blotting are shown in the bottom
panel.
A Wild-type
1483 1493 1498 1506
TGCCACCAGGlAACTGTiTGCTGCAG
! Cys “ His " Gin u Giu u Leu l[ Leu il Leu “ Gin l
495 496 487 498 499 500 501 502

Deletion of
six bases

Our patient o
TGCCACCAGGTGCTGCAG
E Cys “ His " Gin “ Vat ﬁ Leu n Gin I
B The substitution or deletions of the patient

[e]
o
0
=]

£ MDP(}
250 -H B MDP{3)

Fold induction

mock WT

E498Y, . R334W. C495Y  H496L
499-500

Waestern biotting
for NODZ
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usefulness of the NF-«B reporter assay with mutant NOD2
for observing its role in EQS/BS, although the MAP kinase
activation pathway and other possible pathways need
to be evaluated to more completely understand the
pathogenesis of the NOD2 mutation in EOS/BS.

We have identified the first deletion mutation in the
NOD2 gene responsible for EOS/BS, and the mutant
showed constitutive activation of NF-«B, which is one of
the key features that lead to the pathogenesis of EOS/BS.

Rheumatology key message

¢ A six-base deletion in NOD2 gene causes EOS.
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Comment on: Hepatotoxicity rates do not differ in
patients with rheumatoid arthritis and psoriasis
treated with methotrexate

Sir, We read with interest the recent article by Amital et al.
{1] that compared hepatotoxicity rates in PsA and RA
patients treated with MTX based on the evaluation of stan-
dard liver function tests. The authors conclude that the
incidence of hepatotoxicity does not differ between the
two disease groups after adjusting for the cumulative
dose of MTX.

Several studies in MTX-treated psoriasis patients have
reported that isolated abnormalities of liver enzymes (i.e.
alkaline phosphatase, aspartate aminotransferase and
alanine aminotransferase) were poor predictors of the
severity of liver histopathology. The authors state that
the combined sensitivity of aspartate aminotransferase,
alanine aminotransferase and bilirubin for detecting an
abnormal liver biopsy has been rated at 0.86 based on a
previous study [2]. This figure implies that 14% of those
with normal liver function tests will have undetected hepa-
tic disease. Larger studies have suggested that 30-50%
of the psoriasis patients on MTX have normal standard
liver function test results despite histology showing fibro-
sis and cirrhosis [3]. The lack of correlation between liver
enzymes and hepatic fibrosis and cirrhosis has been the
major factor leading to the recommendation that liver
biopsies be done to monitor potential hepatotoxicity. In
this study, the liver function tests were performed with
varying frequency which could allow abnormal liver func-
tion tests to be missed. The authors acknowledge that the
rates of other hepatotoxic agents such as alcohol use
and the occurrence of other hepatic comorbidities were
not known. We believe that these are significant
confounding variables, which make the interpretation of
the results of this study difficult. The British Association
of Dermatologists recommends serial monitoring

www.rheumatology.oxfordjournals.org
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Effect of anakinra on arthropathy in CINCA/
NOMID syndrome
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Abstract

CINCA/NOMID is an autoinflammatory disorder characterized by the triad of neonatal onset of cutaneous symp-
toms, chronic meningitis, and recurrent fever and it presents with distinctive osteoarthropathy, synovitis mainly of
the large joints and overgrowth of epimetaphyseal cartilage, particularly of the long bones. The cartilage over-
growth eventually causes osseous overgrowth and deformity that persists beyond skeletal maturity and leads to
limb length discrepancy, joint contracture, and early degenerative arthropathy. Autoinflammation in CAPS/NOMID
has been proven to derive from excessive release of interleukin-1 (IL-1). it has been well documented that the IL-1
receptor antagonist anakinra (Kineret(R)) helps mitigate systemic inflammation in the disorder. However, a general
consensus has not been reached on its beneficial effect on osteoarthropathy. The case of a girl with CINCA/NOMID
syndrome who showed dramatic improvement of osteoarthropathy after anakinra treatment is reported. A 4-year-
old girl suffered at the age of 10 months from a generalized urticarial skin lesion with recurrent episodes of fever
and growth disorder. Blood examination revealed persistent massive neutrophilia, anemia and intense acute phase
response. She manifested knee joint swelling with limited ROM when she was 20 months old and was diagnosed
as being CINCA/NOMID based on characteristic findings of radiograph despite negative CIAS1 mutation. Radiologi-
cal examination demonstrated metaphyseal fraying and cupping and widening of the growth plate in the distal
fermnur. MR imaging showed mottled gadolinium enhancement at the chondrosseous junction. Neither significant
joint effusion nor synovitis was identified. At 2 years and 7 months of age, anakinra, 2 mg/kg/day given by regular
daily subcutaneous injections, was started. A few days after the initiation of the treatment, her clinical symptoms
and laboratory findings of active inflammation were promptly alleviated. She was not able to walk unaided prior to
the treatment, but she walked independently 1 month after the treatment. Follow-up radiographs and MR imaging
showed that growth plate widening and gadolinium enhancement at the chondrosseous junction were less con-
spicuous. Furthermore, longitudinal growth of the femur and tibia was identified during 20 months of observation.

J

Background Cutaneous Articular Syndrome or Neonatal-Onset Multi-

CINCA/NOMID is an autoinflammatory disorder char-
acterized by the triad of neonatal onset of cutaneous
symptoms, chronic meningitis, and recurrent fever [1-4]
Since many cases are attributed to heterozygous gain-of-
function mutations in NLRP3 (CAiS1), the gene encoding
cryopyrin [5,6], it is classified into cryopyrin-associated
periodic syndromes (CAPS). CAPS include three allelic
variants, ranging in order of increasing severity from
Familial Cold Auto-inflammatory Syndrome (FCAS), pre-
viously termed Familial Cold Urticaria, through Muckle-
Wells Syndrome (MWS) to Chronic Infantile Neurologic

* Correspondence: tmiyamae@med.yokohama-cu.acjp
'Department of Pediatrics, Yokahama City University, Yokohama, Japan
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system Inflammatory Disease (CINCA/NOMID) [7,8].
However, CINCA/NOMID may be heterogeneous, and
only 60% of affected individuals have NLRP3 mutations.
CINCA/NOMID presents with distinctive osteoarthro-
pathy, mainly of the large joints and overgrowth of epi-
metaphyseal cartilage, particularly of the long bones.
Histological examination for overgrown cartilage shows
complete disorganization of the cartilage cell columns
and irregular metachromasia of the cartilage substance,
but no inflammatory cell infiltrates [4]. The cartilage
overgrowth eventually causes osseous overgrowth and
deformity that persists beyond skeletal maturity
and leads to limb length discrepancy, joint contracture,
and early degenerative arthropathy [3,9,10] In particular,

© 2010 Miyamae et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.orgflicenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

— 113 —



Miyamae et al. Pediatric Rheumatology 2010, 8:9
http://www.ped-rheum.com/content/8/1/9

osteocartilaginous overgrowth in the patella and distal
femur is so characteristic that its presence warrants a
diagnosis of CINCA/NOMID.

Autoinflammation in CAPS has been proven to derive
from excessive release of interleukin-1f (IL-1f3) {11].
Interestingly, deficiency of the IL-1 receptor antagonist
due to mutations of /LIRN gives rise to the phenotype
sharing some features with CINCA/NOMID but with
some clinical peculiarities regarding skin and bone man-
ifestations [12]. It has been well documented that the
IL-1 receptor antagonist anakinra (Kineret”) helps miti-
gate systemic inflammation in both disorders [12-14].
However, a general consensus has not been reached on
its beneficial effect on osteoarthropathy. The case of a
girl with CINCA/NOMID syndrome who showed dra-
matic improvement of overgrowth osteoarthropathy
after anakinra treatment is reported.

Case presentation

The girl was born by normal vaginal delivery following an
unremarkable pregnancy. The parents were healthy and
nonconsanguineous. At 10 months of age, the girl pre-
sented with recurrent episodes of fever and growth disor-
der associated with a generalized, maculopapular,
urticaria-like skin rash. Blood examination revealed mas-
sive neutrophilia, anemia, and intensely elevated acute

Page 2 of 6

phase reactants. Antibiotic treatment failed to alleviate the
clinical symptoms. At 20 months of age, she developed
knee joint swelling with limited ROM resulting in pro-
blems with standing and walking. Radiological examina-
tion demonstrated metaphyseal fraying and cupping and
widening of the growth plate in the distal femur (Figure 1),
MR imaging showed mottled gadolinium enhancement at
the chondrosseous junction (Figure 2). Neither significant
joint effusion nor synovitis was identified. She was diag-
nosed as having CINCA/NOMID on clinical and radiologi-
cal grounds; however, analysis of cerebrospinal fluid (CSF)
showed neither pleocytosis nor increased protein levels, and
a molecular examination did not show NARLP3 mutations.
At 2 years and 7 months of age, anakinra, 2 mg/kg/day
given by regular daily subcutaneous injections, was started.
A few days after the initiation of the treatment, her consti-
tutional symptoms, fever and urticaria-like rash, and acute-
phase reactant levels were promptly alleviated. She was not
able to walk unaided prior to the treatment, but she walked
independently 1 month after the treatment. Follow-up
radiographs and MR imaging (Figure 3) showed that
growth plate widening and gadolinium enhancement at the
chondrosseous  junction
Furthermore, longitudinal growth of the femur and tibia
was identified during 20 months of observation (Data not
shown).

were less conspicuous.

Figure 1 Radiographs at 24 months of age. (A: frontal view of the lower extremities, B: lateral view of the right knee, C: lateral view of the left
knee) show metaphyseal fraying and cupping and widening of the growth plate in the distal femur (arrow).
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Figure 2 Sagittal MR images and lateral radiograph of the left knee at 2 years and 7 months of age, prior to intreduciion of anakinra, .
(A MRI T1-weighted, B: MRI T2-weighted, C MRI T1-weighted with fat suppression and gadolinium-enhancement, D radiograph): Tt- and T2-
weighted MR images show widening of the growth plate (arrow 1), and a gadolinium-enhanced MR image shows mottled enhancement at the
chondroosseous junction (arrow 2).

Discussion like skin rash vs. pyoderma). Her clinical and radiologi-
Although no NARLP3 mutations were found in the cal evolution following anakinra treatment implied that
present case, a diagnosis of CINCA/NOMID was war-  the therapy was effective not only in mitigating clinical
ranted on clinical and radiological grounds. Her der-  symptoms of autoinflammation but also in preventing
matological manifestation differed from that of progression of osteoarthropathy. The beneficial effect
deficiency of the IL-1 receptor antagonist (urticaria-  of anakinra on arthropathy has been controversial.
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Figure 3 MR images and radiograph of the left knee at the age of 4 years and 3 months, after more than 20 months of anakinra
treatment. (MRl A: T1-weighted, B: MRI T2-weighted, C: MRI T1-weighted with fat suppression and Ga enhancement, D radiograph). The growth
plate widening previously seen (Figure 2) has alleviated with anakinra treatment. A gadolinium-enhanced MR image demonstrates less
conspicuous enhancement at the chondroosseous junction after the anakinra treatment.

The case represented here indicated that the earlier
anakinra was initiated, the better arthropathy was over-
come. If the treatment had not been introduced, the
osteoarthropathy eventually would have led to severe
joint deformations, limb length discrepancy, and
growth retardation, as previously reported. Once bone

deformations develop in patients with CINCA/
NOMID, they are very difficult to reverse [14]. How-
ever, the tragic consequences can be prevented by
early medical intervention in this case.

The imaging findings in the present girl included widen-
ing of the growth plate and gadolinium enhancement at
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the chondrosseous junction. These findings are in a broad
sense termed "metaphyseal dysplasia”, and are consistent
with the known histological findings in CINCA/NOMID.
According to a previous report, the histological findings
for biopsy specimens from a "bony mass” were 1) disorga-
nized cartilage at the growth plate and 2) thin metaphyseal
trabeculae mixed with relatively acellular cartilage, fibrous
tissues, and foci of calcification [10] The latter finding may
correspond with gadolinium enhancement of the chon-
drosseous junction. In the present case, the anakinra treat-
ment provided remodeling of the “metaphyseal dysplasia”
with alleviation of gadolinium enhancement. This fact sug-
gests that osteoarthropathy in CINCA/NOMID is caused
by overproduction of IL-1, as are the symptoms of auto-
inflammation and disappearance of them by specific
receptor antagonist of IL-1p.

Osteoarthropathy is significant in approximately 60%
of CINCA/NOMID patients, and it is more prevalent in
cases with deficiency of the IL-1 receptor antagonist.
The mechanism to explain why the excessive production
of IL-1P causes distinctive osteocartilaginous overgrowth
in CINCA/NOMID still remains unclear. Though it has
been reported that IL-1P exerts inhibitory effects on
murine ATDC5 chondrocyte dynamics and metatarsal
longitudinal growth [15], recent observation suggested
that overgrowth arthropathy in CINCA/NOMID is not
driven by IL-1f, but such overgrowth may be due to
abnormal apoptosis at the site of enchondral ossification
as NALP3 is expressed in cartilage [16,17].

Conclusion

This report indicated the importance of earlier indica-
tion of anakinra for better outcome of arthropathy in
CINCA/NOMID syndrome. Once once bone deforma-
tions develop in the patients, they are very difficult to
reverse even with anakinra.
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Changing Prevalence and Severity of
Childhood Allergic Diseases in Kyoto,
Japan, from 1996 to 2006
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ABSTRACT

Background: Published data regarding changes in the prevalence of childhood allergic diseases in Japan
have been limited.

Methods: To observe changes in the recent trends of the childhood allergy epidemic in Japan, a population-
based questionnaire survey of allergic diseases was conducted among 13,215 schoolchildren, aged 7 to 15
years, in Kyoto, Japan in 2006. The results were compared with those obtained in the 1996 survey using the
same scale and methods in the same region.

Resulis: The prevalences of bronchial asthma (BA), atopic dermatitis (AD), allergic rhinitis (AR), and allergic
conjunctivitis (AC) in 1996 and 2006 were 5.1% and 5.0% (p = 0.58), 4.2% and 5.6% {p < 0.0001), 20.3% and
27.4% (p < 0.0001), and 13.3% and 25.2% (p < 0.0001), respectively. Although the distribution of BA severity
improved, the severity distribution of AD, AR, and AC all deteriorated. The lifetime prevalence (present preva-
lence and past history combined) of BA increased from 6.5% to 7.6% {p < 0.0001). The sex ratio analysis
showed that the female predominance in the prevalence of AD observed in 1996 disappeared in 2006, indicat-
ing a particular rise in AD prevalence among boys.

Conclusions: Overall, the results indicate that the rising trend of allergic diseases, especially in AD, AR, and
AC, continues among schoolchildren living in Kyoto, Japan. Special attention should be paid to skin and naso-

ocular symptoms.

KEY WORDS

allergic disease, epidemiology, prevalence, questionnaire, schoolchildren

INTRODUCTION

The prevalence of childhood allergic diseases has in-
creased over the last few decades and has become a
significant social and public health problem, espe-
cially in industrialized countries.! However, recent
continuing trends which show an increased preva-
lence might be misinterpreted due to changes in di-
agnostic labeling, heightened awareness of the prob-
lem, and the presence of selection or information bias
in previous studies.? Thus, in order to accurately
evaluate the recent trends in the childhood allergy
epidemic, it is crucial to repeatedly compare sequen-
tial data using identical, simple, validated question-
naires involving children of the same age and region

sampled in the same way.? Phase III of the Interna-
tional Study of Asthma and Allergies in Childhood
(ISAAC) was performed for this purpose between
1999 and 2004 (mostly 2002-03),4 and there are abun-
dant data comparing the results with those of the
Phase I ISAAC study between 1992 and 1998 (mostly
1994-95). The data included mixed results, with some
studies showing an increased prevalence,>7 while
others showed trends that plateaued or de-
creased.l.8-10 There was also a variation in the trend
for prevalence depending on the kind of disease, as
well as geographical differences.211-16

In Japan, there have been very few published data
regarding the prevalence of childhood allergic dis-
eases over time, with one set of data showing an in-
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