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Table 2 Clinical courses after rituximab infusion (IS immunosuppressant, Rtx rituximab, D/C discontinued, MZR mizoribine, Cy4

cyclosporine A, FK tacrolimus, MMF mycophenolate mofetil)

Patient  Cessation of PSL IS treatment after B-cell recovery after  First relapse after Summary of the
no. after Rtx infusions  Rtx infusions Rtx infusions (days)  Rtx infusions (days) clinical courses
(days)
i 63 D/C MZR on day 0 119 129 Relapses on days 129 and 190,
D/C CyA on day 175 additional Rtx on day 190
2 83 D/C MZR on day 116 146 161 Relapse on day 161, additional Rtx
on day 175, relapse on day 316,
four doses of additional Rtx from
day 328
3 68 D/C CyA on day 89 245 Not relapsed Maintaining remission on day 365
73 D/C MZR on day 0 118 104 Relapses on days 104 and 128,
D/C CyA on day 122 additional Rtx on day 141,
relapses on day 253, four doses
of additional Rtx from day 273
N 57 D/C CyA on day 112 Not depleted 199 Relapses on days 199 and 221,
restarted CyA on day 233
6 75 D/C MZR on day 0 152 124 Relapses on days 124 and 194,
four doses of additional Rtx from
day 203, relapse on day 217
7 58 D/C CyA on day 140 147 128 Relapses on days 128 and 156,
additional Rtx on day 167,
relapse on day 213, restarted
CyA on day 272
8 76 D/C MZR on day 0 104 8 Relapses on days 8, 139 and 173,
additional Rtx on day 196,
FK—CyA on day 8 Relapses on days 197, 253 and 302,
two doses of additional Rix
from day 343
9 123 D/C CyA on day 74 151 353 Relapse on day 353
Continued MMF
10 120 D/C CyA on day 78 Not depleted Not relapsed Maintaining remission on day 365
Continued MMF
11 55 D/C CyA on day 112 84 125 Relapses on days 125 and 146,
additional Rtx on day 153
12 172 Continued MMF 171 Not relapsed Maintaining remission on day 365
Median  74.0 146.5 129.0
Range 55-172 84-245 8-353

two patients (patients 5 and 10), B-cells decreased but were
not depleted (fewer than five per cubic millimeter). Mini-
mum CD19+ B-cell counts were 61 per cubic millimeter and
44 per cubic millimeter, and the reduction in CD19+ B-cells
was 87% and 91%, respectively.

Nine patients had relapses of nephrotic syndrome (NS) at
a median of 129 days after the rituximab infusion. Most of
the relapses developed simultaneously with the recovery of
B-cells. Seven of these patients (patients 1, 2, 4, 6, 7, 8, and
11) were given additional rituximab infusions at an average
of 175 days after the first rituximab infusion, due to steroid
dependency. Patient 8 suffered relapse 8 days after the first
rituximab infusion, although complete B-cell depletion was
achieved, but his steroids were discontinued on day 76.
After two steroid-free months, he suffered from two more

@ Springer

relapses. Although he was given an additional single-dose
rituximab infusion on day 196, the condition relapsed
again, which led to two additional doses of rituximab
infusions from day 343. Two patients (patients 5 and 7)
were restarted on CyA. The disease in three patients
(patients 3, 10, and 12) remained in remission for 12 months
after infusions.

Comparison of clinical parameters before and after
rituximab treatment

The frequency of relapses per 6 months was significantly
reduced, and the steroid-free period per 6 months was
significantly increased after treatment, compared with
those before treatment (Table 3). Mean PSL dosages
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Table 3 Frequency of relapses and steroid-free periods before and
afier rituximab infusion (R#x rituximab)

Patient no.  Number of relapses Steroid-free period (days)
During the  During the  During the  During the
6 months 6 months 6 months 6 months
before Rtx  after Rtx before Rtx  before Rtx
infusions infusions infusions infusions

l 3 2 12 64

2 1 1 0 77

3 3 0 47 114

4 2 2 34

5 4 0 5 126

6 2 1 0 64

7 4 2 13 72

& 2 3 0 63

9 4 0 0 60

10 5 0 7 64

11 2 2 0 69

12 2 0 0 9

Mean 2.83* 1.08* 7.0%* 68.0**

S.D. 1.19 1.08 13.5 30.7

*P=0.016; **P=0.0005

(before infusion 0.82:£0.36 mg/kg per day) were signifi-
cantly reduced between 2 months and 5 months after
rituximab infusion (2 months 0.32+0.17 mg/kg per day;
3 months 0.08+£0.09 mg/kg per day; 4 months 0.07+
0.15 mg/kg per day; 5 months 0.39+0.44 mg/kg per day),
but they increased again at 6 months (0.45£0.63 mg/kg per
day) (Fig. 1a).

B-cell counts and serum immunoglobulin levels

B-cells were depleted in ten of 12 patients. Peripheral B-cell
counts (before infusion 238.7+314.7 per cubic millimeter)
rapidly decreased immediately after rituximab infusion
(24 hours 28.3£29.2 per cubic millimeter). B-cells gradually
increased at 4 months (105.2+120.6 per cubic millimeter)
and returned to baseline levels at 6 months (218.0+£166.2 per
cubic millimeter) (Fig. 1b). Serum immunoglobulin (Ig)G
and IgA levels did not change during the clinical course,
but serum IgM levels gradually decreased (before infusion
135.7+58.4 mg/dl; 1 month 94.1£58.3 mg/dl; 6 months
61.2+25.4 mg/dl) after rituximab treatment (Fig. 1c—e).

Fig. 1 Clinical parameters after rituximab treatment. Values are p
means+standard deviations (SDs). a Mean PSL dosages before and
after rituximab treatment, *P<0.01, **P<0.05 compared with before
infusion (reference). b CD19+B-cell counts after rituximab treatient.
*P<(.01 compared with before infusion (reference). c—e Serum
immunoglobulin (Ig)G, IgA and IgM levels after rituximab treatment.
*P<0.01 compared with before infusion (reference). f Serum
rituximab levels after infusion. d days, mo months

Pharmacokinetics

Figure If shows serum rituximab levels after the drug
infusion. Cmax obtained just after the drug infusion was
220.0+£78. 9ug/ml. Serum rituximab levels at 24 hours,
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1 week, 1 month, 2 months and 3 months after the infusion
were 166.2+56.2ug/ml, 92.5£29.8ug/ml, 27.4+18.4 ug/ml,
18.5+29.8 ng/ml and 3.0+4.4 pg/ml, respectively. They were
undetectable (<0.5ug/ml) in all patients at 5 months, A
detailed pharmacokinetics study was carried out in five
patients. T1/2 was 14.6+£5.2 days, AUC was 83.2+%
53.1 mgh/ml, Vdss was 2.2+0.37 Vm” and CL was 5.83+
2.97 mb/h per square millimeter.

Probability of relapse-free survival and B-cell depletion

Figure 2a shows the probability of relapse-free survival by
the Kaplan—-Meier method. The median time to first relapse
(50% survival time) in our patients was 129 days. Figure 2b
shows the probability of CD19+ B-cell depletion by the
Kaplan—Meier method. The median time to B-cell recovery
in our patients was 119 days (50% survival time).

Adverse events

Mild reactions to the infusions were observed in five of 12
patients (42%). These reactions included fever and hypoten-
sion (one patient), tachycardia (one patient), hypertension (one
patient), facial flushing (one patient), and mild respiratory
distress {one patient). None of the patients developed serious
adverse events that required discontinuation of the trial. One
patient (patient 5) developed a fever of unknown etiology
between days 45 and 98 but recovered spontaneously.
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Discussion

This is the first report of a prospective study of single-dose
therapy with rituximab for refractory SDNS. All patients were
able to discontinue steroids after rituximab treatment. We
found that the frequency of relapses was significantly reduced,
the steroid-free period was significantly increased and mean
steroid dosages were significantly reduced after rituximab
treatment, suggesting that rituximab is effective for patients
with SDNS. However, the efficacy of the treatment was
transient in most patients. Nine of 12 patients (75%) had
relapses within 1 year, and most of the relapses developed
simultaneously with the recovery of B-cells. Seven of the
patients needed additional rituximab treatment due to steroid
dependency. It is of note that two out of the three patients who
did not have a relapse and one of the patients who did not suffer
relapse until day 353 did not stop their PSL until day 120 or
later. Therefore, it is possible that the speed of PSL withdrawal
was related to relapses, although further studies are required.

There have been no previous reports on rituximab
pharmacokinetics in children, Table 4 shows previous reports
of rituximab pharmacokinetics [16-22]. Most of the previous
pharmacokinetic studies were carried out on adult patients
with B-cell lymphoma, and most of them were given four
doses of rituximab. The only large rituximab pharmacoki-
netics study of patients that did not have lymphoma was
reported by Breedveld et al. [22]; however, they treated their
patients with two doses of 1,000 mg rituximab. Vieira et al.
reported pharmacokinetics of single-dose therapy with
rituximab in kidoey transplanted adults [16]. In that study,
nine patients were treated with a single dose of rituximab (n=
3 per group) at 50 mg/m?, 150 mg/m® or 375 mg/m® and the
data for Cmax per dose (micrograms per milliliter per
milligram) were almost the same among the three groups
0.30, 0.35, 0.30 each). Our data (Cmax 220.0 pg/ml; T1/2
14.6 days; AUC 83.2 mgh/ml) were comparable with those
of the patients who were treated with a dose of 375 mg/m? in
the study by Vieira and colleagues, although the disease was
different, suggesting that the rituximab pharmacokinetics
profile in children is similar to that in adults.

Cmax of rituximab in our study (220.0 pg/ml) were
comparable to serum levels after initial infusion of rituximab
in previous reports on B-cell lymphoma (range 188.5-
2453 pg/ml) (Table 4). The peak level after four doses of
rituximab was almost twice as high as that of a single dose in
previous reports. Apart from in this study, we treated children
with refractory SDNS with four doses of rituximab (#=4). In
those patients treated with four doses of rituximab, the
maximum serum levels of rituximab (403.4+122.9 ug/mi;
range 318.7-584.8 pg/ml) were similar to those in the
previous studies (Table 4) and were almost twice as high as
those in this study. Berinstein et al. showed that the mean T1/2
was longer and the mean CL was smaller after four doses of
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rituximab than those of the initial dose, and that this
phenomenon was probably due to circulating B-cells, which
played the role as antibodies of rituximab at the time of the
initial infusion [17]. Collectively, four doses of rituximab may
provide higher maximum serum levels, a longer T1/2 and
smaller CL, even in childhood refractory SDNS. In addition,
only two of six patients had a first relapse within 1 year after
the treatment (261 days and 270 days afier the treatment,
respectively) in previously reported studies using a dose of
375 mg/m2 BSA once weekly for 4 weeks [3-5, 7, 9],
whereas the median time to first relapse was 129 days in our
patients. Also, the time to B-cell recovery was 270 days and
360 days after the treatment, respectively, in a previously
reported two patients on a dose of 375 mg/m® BSA once
weekly for 4 weeks [4, 5], while the median time to B-cell
recovery was 119 days in our patients. Therefore, a
multicenter, randomized, double-blind, placebo-controlled trial
for patients with childhood refractory SDNS is in progress in
Japan to evaluate the efficacy and safety of four doses of
rituximab. Alternatively, a single dose of rituximab every
several months could be effective for childhood refractory
SDNS, for which further studies are needed to examine the
optimal protocol of this drug.

Mechanisms by which rituximab can prevent relapses in
patients with refractory SDNS remain unclear. For more than
30 years, nephrotic syndrome was thought to be primarily a
disorder of T-cell function. However, recently, a number of
clinical observations provided evidence of an important role
for B-cells in the development of nephrotic syndrome. Kemper
et al. found increased levels of both sCD23 (a marker of B-cell
activation) and sCD25 (a marker of T-cell activation) during
relapses of SDNS [23]. Cho et al. also observed a significantly
higher expression of CD23 in fresh B-cells from patients with
active minimal change nephrotic syndrome [24]. Several
studies have shown increased production of interleukin (IL)-
13 and elevated expression of IL-13 mRNA in patients with
minimal change nephrotic syndrome [24, 25]. IL-13 is one of
the cytokines associated with type 2 T helper (Th2) cells,
leading to antibody production and allergic reactions, which
are caused by inumune responses involving B-cells.

As well as being the source of plasma cells, B-cells are also
involved in the presentation of antigens to T-lymphocytes, and
they secrete co-stimulatory signals required for CD4 T-cell
activation [26]. Therefore, B-cell depletion by rituximab may
block T-cell activation induced by B-cells or B-cell-derived
factors. Tokunaga et al. showed that rituximab decreases
CD40- and CD80-expressing cells among activated B-cells in
patients with systemic lupus erythematosus (SLE), and it also
down-regulates CD40L and CD69 on CD4-positive cells [27].
Those results imply that rituximab can inhibit the interaction
between these B-cells and activated T-cells. However, the
roles of CD40L in patients with active SDNS are not yet
known and will need to be investigated in the future.
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In our study adverse events associated with rituximab were
acceptable. Mild reactions to the infusion were observed in
five of 12 patients (42%). Steroids were not infused before
rituximab treatment in our protocol. There might have been
fewer infusion reactions if steroids had been given immedi-
ately before the rituximab treatment. There were no serious
adverse events during the patients’ clinical courses.

In conclusion, a single dose of rituximab may be effective
for patients with childhood refractory SDNS. However, its
efficacy to prevent relapses was transient in most of the patients.
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Original Article

New reference growth charts for Japanese girls with Turner syndrome

Tsuyoshi Isojima,' Susumu Yokoya,'? Junko Ito,* Reiko Horikawa'? and Toshiaki Tanaka™*

'Clinical Research Center, National Center for Child Health and Development, Ohkura, *Tanaka Growth Clinic, Taishidoh,
. Setagaya-ku, *The Foundation for Growth Science, Hongo, Bunkyo-ku and 3Toranomon Hospital, Toranomon, Minato-ku,
Tokyo, Japan

Background: Currently used growth charts for Japanese girls with Tumer syndrome (TS) were constructed with
auxological data obtained before the secular trend in growth reached a plateau. These charts were published in 1992 and
may no longer be valid for the evaluation of stature and growth in girls with TS in clinical settings. Thus, we need to
establish new clinical growth charts.

Methods: The samples for analysis were obtained by a retrospective cohort study. A total of 1867 Japanese girls with
TS were registered between 1991 and 2004 for growth hormone (GH) treatment and their pretreatment anthropometric
measurements were obtained. Reference growth charts were newly constructed using the LMS method from 1447 girls’
cross-sectional data after exclusion of measurements derived from those with the presence of puberty, with previous
growth-promoting treatrent, or without cytogenetic evidence of TS.

Results: The new clinica! teference growth charts differ from the old charts. Secular trends can be detected in both
height and weight. Mean adult height on the new chart is 141.2 cm, 3.0 cm taller than the old data. This result seems
attributable to the secular trend observed during the same period in Japanese women.

Conclusions:; The newly constructed clinical reference growth charts for Japanese girls with TS seem to be better for the
evaluation of growth in girls with TS born after approximately 1970, although selection bias and some other limitations

Abstract

in the present study should be kept in mind.

Key words growth chart, LMS method, secular trend, Turner syndrome.

Background

Turner syndrome (TS) is the most common chromosomal disor-
der in girls and affects about one in 1500 to 2500 live-born
female infants.! One of the most significant features of the syn-
drome is short stature. Untreated girls are reported to be approxi-
mately 20 cm shorter than normal girls within their respective
populations.? Growth hormone (GH) has been used to accelerate
growth, and it is known to increase adult height.?

Growth patterns of girls with TS are different from those
in normal populations mainly because of the short stature
homeobox-containing gene on the X chromosome (SHOX) hap-
loinsufficiency and their ovarian insufficiency. TS-specific
growth curves have been published in various countries*™
including Japan,”? and they have been clinically used for the
evaluation of stature and growth. Those of the Japanese were
constructed with data from subjects whose body measurements
were obtained by sending questionnaires to their follow-up hos-
pitals. The data consisted of 6255 measurements from 705 girls
born between 1955 and 1989.
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Japan has experienced extremely rapid changes in eating
habits together with vast socioeconomic changes since the end of
the Second World War, and these changes have affected Japanese
children’s growth. The physical size of Japanese children has
increased along with these environmental changes, and nutrition
is thought to be the most important contributing factor. In Japan
the food supply has been sufficient or even excessive since 1970.
The acceleration of growth is reported to have been most promi-
nent between 1955 and 1970, but it has reached a plateau since
around 1990, as discussed later. Thus the subjects analyzed in the
currently used charts were born before the secular trend
approached the recent plateau. Therefore, use of the presently
available growth charts may be inadequate for the evaluation of
recent cases of TS. In this context, construction of new reference
charts and their validation have become necessary.

Methods
Population

The samples were obtained from a database compiled by the
Foundation for Growth Science, Japan. The Foundation has been
controlling the use of GH through its registration system in
Japan, which judges candidates’ eligibility for supplemental GH
treatment according to the diagnostic criteria for GH deficiency
established by the Ministry of Health, Labor and Welfare’s Study
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Table 1 Age distribution

Age (years) Number
0 11
1 9
2 14
3 41
4 74
5 104
6 105
7 104
8 113
9 152

10 160

il 168

12 131

13 75

14 68

15 52

16 38

17 22

18 11

19 2

20 3

Total 1447

Group for Hypothalamo-Pituitary Disorders."* Medical doctors
are encouraged to have each candidate registered for GH treat-
ment at the Foundation using an application form that includes
his/her pre-treatment anthropometric measurements, karyotype
(in the case of TS), presence or absence of puberty, and evidence
of informed consent from each subject regarding the use of the
data for scientific purposes.

Between 1991 and 2004, 1867 girls were registered as TS
subjects in this cohort. The diagnosis of TS was confirmed by
reviewing all the reported karyotypes of cultured petipheral
blood lymphocytes. In this study TS was defined as a karyotype
that contains a cell line of monosomy lacking at least a distal
major part in the short arm of the X chromosome. Subjects
having no evidence of such karyotypic features, missing a
description regarding puberty status, with secondary pubertal

Table 2 Karyotypes of 1447 subjects

signs, with a history of previous growth-promoting therapy, or
whose age was over 20 were excluded.

Statistical analysis

Data were cleaned in several stages. Bivariate plots of height and
weight were used to identify gross disproportions. Data points
were scrutinized, going back to the source data if necessary, and
transcription errors were corrected. If a value was deemed highly
unlikely (more than 5 standard deviation scores [SDS] from the
mean), such a point was deleted, even in the absence of any
evidence of a transcription error.

Reference growth charts were obtained using the LMS
method," which assumes that the data can be transformed to
normality by a suitable power transformation (L); the distribution
is then summarized by the median (M) and the coefficient of
variation (S). The values of L, M, and S are constrained to change
smoothly with age, and fitted values can be used to construct any
required centile curves. The karyotypes of 45,X and non-45,X
were compared for body height using analysis of covariance
(ANCovaA) with covariates of age and age-karyotype interaction.
This analysis was performed using JMP 6.0.3 (SAS Institute Inc.,
Cary, NC, USA.) and P-values less than 0.05 were considered
statistically significant.

Results

In total, 420 subjects were excluded because of insufficient or
inadequate cytogenetic evidence for the diagnosis (31 subjects),
secondary pubertal signs (107 subjects), lack of records about
puberty (14 subjects), previous growth-promoting treatment (264
subjects), age over 20 (one subject) and highly unlikely measure-
ments (three subjects), The remaining 1447 subjects were ana-
lyzed. Table 1 lists the number of subjects according to age. Their
birth years range from 1970 to 2002 (median: 1985). Perinatal
information and their parents’ anthropometric measurements
were collected whenever possible. Gestational age is 39.6+/-1.6
weeks (n = 1268), birth length 46.8+/-2.7 cm (n = 633), birth-
weight 2.68+/-0.44 kg (n = 1322), and target height 157.6+/
~7.2 cm (n = 1289), Target height was calculated by the formula
adjusted for the Japanese before the secular trend reached a

Non-Mosaic Number of Mosaic Number of
subjects subjects

Aneuploidy 45X 432 45,X/46,XX 87
45, X/47, XXX 91
45,X/46,XY 16
45,X/46,XX/47, XXX 6
432 200
Structural abnormality 46,X,i(Xq) 128 45,X/46,X .1(Xq) 309
46,X,del(Xp) 55 45,X/46,X ,del(Xp) 22
46,X,1(X) 3 45,X/46,X,1(X) 106
others 10 45,X/46,X +mar 109
others 73
196 619
Total 628 819

© 2009 Japan Pediatric Society
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Table3 LMS values of height and weight for the Japanese girls with Turner syndrome

Height Weight
Age (years) L M S Age (years) L M S
; 1 1 66.75 0.024 1 1.63 6.92 0.094
; 1.5 1 71.25 0.025 1.5 137 8.02 0.094
{ 2 1 75.44 0.026 2 1.1 9.10 0.094
2.5 1 79.1 0.026 2.5 0.86 10.06 0.095
3 1 82.39 0.027 3 0.64 10.90 0.096
: 3.5 1 85.46 0.028 3.5 0.44 11.65 0.097
' 4 1 88.38 0.028 4 0.24 12.37 0.099
4.5 1 91.11 0.029 4.5 0.06 13.04 0.102
: 5 1 93.68 0.029 5 -0.12 13.71 0.106
. 55 1 96.23 0.030 55 ~0.32 14.44 0.111
6 1 98.75 0.030 6 -0.51 15.24 0.117
! 6.5 1 101.24 0.031 6.5 -0.69 16.10 0.124
£ 7 1 103.81 0.031 7 -0.87 17.12 0.131
3 75 1 106.39 0.032 7.5 -1.03 18.32 0.139
¥ 8 1 108.79 0.032 8 ~1.14 19.58 0.147
[ 8.5 1 111.02 0.033 8.5 -1.19 20.83 0.154
9 1 113.18 0.033 9 ~1.16 22.12 0.160
L 9.5 1 11532 0.034 9.5 -1.04 23.52 0.165
is 10 1 117.53 0.034 10 -0.84 25.08 0.170
10.5 1 119.89 0.035 10.5 -0.60 26.76 0.176
11 1 122.35 0.035 1 -0.40 28.51 0.182
11.5 1 124.76 0.036 11.5 -0.28 30.26 0.187
12 1 127.03 0.036 12 -0.25 31.94 0.189
12.5 i 129.14 0.037 125 -0.26 33.50 0.190
13 1 131.03 0.037 13 —0.26 3493 0.191
13.5 1 132.69 0.037 13.5 -0.23 36.23 0.191
14 1 134.14 0.038 14 -0.17 37.40 0.191
14.5 1 135.37 0.038 14.5 -0.10 3843 0.191
i5 1 136.38 0.038 15 -0.01 39.33 0.192
15.5 1 137.24 0.038 15.5 0.08 40.11 0.192
16 1 137.96 0.039 16 0.16 40.79 0.192
16.5 1 138.56 0.039 16.5 0.23 41.39 0.192
17 1 139.07 0.039 17 0.28 41,93 0.192
17.5 1 139.49 0.039 17.5 0.32 42.43 0.192
8 1 139.87 0.039 18 0.37 4291 0.192
18.5 1 140.23 0.039 18.5 0.40 43.36 0.191
19 1 140.58 0.039 19 044 4381 0.191
19.5 1 140.91 0.039 19.5 047 4424 0.191
20 1 141.24 0.039 20 0.51 44,67 0.190

plateau.'s Table 2 summarizes the number of subjects grouped by
karyotype. There was no significant difference in height between
45X and non-45,X subjects (regression coefficient: 0.19+/
—0.14 cm, P =0.17).

Centile curves were fitted to the data of all subjects together
using the LMS method. For height, the distribution was assumed
to be normal, while for weight there was appreciable skewness, to
which the age-varying power transformation was adjusted.
_Table 3 provides values for L, M and S of height and weight by
" age. Clinical growth references for height and weight are shown
in Figures 1 and 2, respectively. References for height and weight
_expressed as SDS are superimposed on those that are currently
“used in Figures 3 and 4.

Discussions

- We produced new clinical reference growth charts for Japanese
- girls with TS who did not present with puberty. The charts were

constructed using the LMS method, which we believe is one of
the most widely applied approaches."” The LMS method is often
used to construct age-related references not only of normal popu-
lations'® but also of Down syndrome'® and Williams syndrome®
disease-specific populations, The number of subjects analyzed in
this study was sufficient, being comparable to numbers analyzed
in the construction of other TS-specific charts. All subjects were
confirmed by chromosomal analyses to meet the definition of TS
and were properly selected, excluding subjects who had under-
gone pubertal development or previous growth-promoting treat-
ment or both. Although these charts were not derived from a
totally unbiased TS population, they can be presumed to-repre-
sent growth in girls with TS who are ordinarily seen in clinical
practice, because the charts were constructed using adjacent data
before GH treatment. We believe that these charts h&ve been

adequately and successfully produced taklng thes,e pmnts inta

consideration.
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Fig.1 Height chart for Japanese girls with Turner syndrome
without puberty.

Differences can be detected between the two charts in both
height and weight growth (Figs 3 and 4). For example, the adult
height from the new chart is 141.2 cm, which is 3.0 cm taller
than the previous height when it is defined as the mean height
at the age of 20 years. In the previous study, birth years ranged
from 1955 to 1989 (median unknown). Given the year of pub-
lication, the adult height in the study had to be derived from
subjects born before 1972. The standard adult heights of Japa-
nese women in 1970, 1975, 1980, 1985, 1990, 1995, 2000 and
2005 were 155.6 cm, 156.3 cm, 157.0 cm, 157.6 cm, 157.9 cm,
158.0 cm, 158.1 cm and 158.0 cm, respectively.?' This indicates
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Fig.3 Height chart for Japanese girls with Turner syndrome

without puberty in comparison with the currently used one." Solid
line, newly established; dotted line, currently used.
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Fig.2 Weight chart for Japanese girls with Turner syndrome
without puberty.

that the secular trend in adult height has reached a plateau since
approximately 1990 in Japan. Judging from the birth-year dis-
tribution, we know therefore that the old Japanese charts for TS
were constructed with data from subjects the majority of whom
were born before growth in height reached a plateau, On the
other hand, the birth years in the present study ranged from
1970 to 2002 and 85.2% of the subjects were born after 1980.
The new TS-specific growth charts therefore differ because they
were constructed with data from a generation in which appre-
ciable advances in secular height growth had disappeared.
Secular growth trends in TS subjects have also been noted and
studied in other countries.®* In countries where secular trends
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Fig.4 Weight chart for Japanese girls with Turner syndrome

without puberty in comparison with the currently used one.”? Solid
line, newly established; dotted line, currently used.
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have reached a plateau, there is little need to construct newer
charts, Taken together, we conclude that the new charts
can be used hereafter as the more adequate reference for the
evaluation of the growth of girls with TS bom after
approximately 1970.

There are three limitations to the present study. The first is a
selection bias. This retrospective cohort consists of those diag-
nosed with TS in medical centers, a subpopulation from which
subjects who are not significantly smaller than the normal popu-
lation are more easily omitted. More specifically, physicians do
not usually register girls with TS if they are taller than ~2 SDS of
the female standard, because the registry is designed primarily to
designate candidates for GH treatment. It is of note that in Japan
the indication of GH for TS is limited to subjects shorter than ~2
SDS. The heights of the majority of girls with TS usually drop
below the fifth percentile of the normal girl growth curve only
after the subjects are from two to five years old.! This implies that
this kind of bias more severely affects subjects younger than
approximately three years of age. Before general application of
these reference charts for TS, further validation is rewarding,
especially in younger ages. The second limitation is the number
of study samples. The numbers of infants and older children are
small, so at these ages (especially under three years and over
sixteen years) the charts may not be sufficiently reliable. This
limitation is shared by the other reference charts, including cur-
rently used Japanese charts. With regard to older girls, it has
become more difficult to obtain height data from subjects without
previous growth-promoting treatment, because GH treatment for
girls with TS has become very common in Japan and, what’s
more, the starting age has been decreasing. Despite this limita-
tion, the adult height in this study is —3.3 SDS of the normal
population® and is considered to be valid by comparison to adult
heights in other countries (—4.2 to —2.5 SDS).? The third limita-
tion is derived from the fact that this study is a cross-sectional
study. We do not know whether subjects without puberty at the
time of registration will or will not develop spontaneous puberty
later. It is reported that those with spontaneous puberty are sig-
nificantly taller than those without puberty from 12 years of age
onward, although pubertal development and growth spurt do not
seem to affect final adult height.” Theoretically, two types of
growth charts may be needed during the peripubertal period, but
we produced one specific for girls without pubertal signs because
of the limited number of pubertal subjects. However, when we
. plotted the data from all 107 subjects with pubertal development
on the new chart, with only one exception they were distributed
within +/-2 SDS of the other subjects’ data (data not shown).
Accordingly, the presence of puberty does not influence the
major difference in the pubertal height, though further investiga-
tion is necessary.

Conclusions

We have constructed new clinical reference growth charts for
Japanese girls with TS using data from 1447 subjects who did not
present with puberty. As they are assumed to belong to the gen-
eration beyond the secular trend in Japan, these charts are
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expected to be widely used in various clinical settings with all the
limitations in mind and await further validation.
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