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were receiving 0.003 mg/kg/day. There were 2 pa-
tients who did not complete the study, one due to im-
paired glucose tolerance and one withdrew consent.

This intervention had a significant effect on mean
IGF-I levels; Fig. 1 shows IGF-I SD scores, for AO and
CO patients separately, from baseline to the endpoint at
48 weeks. Baseline values were lower in CO than in
AO patients and during the first 24 weeks of GH treat-
ment, with the increasing fixed dose, normalization
was obtained in CO but mean levels in AO patients
exceeded the desired upper limit of 2.0 SD score. The
dose adjustment regimen, which was initiated at a low
dose, caused an initial decrease in IGF-I SD score, but
as GH dose was increased mean levels normalized
without reaching the excessively high values seen un-
der the fixed dose regimen. However, values under GH
replacement remained lower in CO than in AO, both
under the fixed dose regimen and with individualized
dose adjustment.

Fixed dose regimen

Individualized dose regimen .

IGF-ISD score

T T T T T
16 32

12 20 24 28 36 40 44 48
Time on GH treatment (weeks)
Fig. 1. IGF-I SD scores in AO (O) and CO (O) GH deficient

patients during treatment with GH for 48 weeks; values
are mean = SD.
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Long-term changes in central fat accumulation and
body composition

Table 1 summarizes the changes from baseline for
percent total FM, percent FM in the trunk and percent
total LBM. GH replacement induced significant
changes in body composition which persisted over time.
After 24 weeks of a fixed dose regimen, percent total
FM had decreased by —3.1 = 2.8% (p<0.001). The dose
adjustment algorithm slightly reduced the magnitude;
however, the change from baseline to week 48 was still
significant (2.7 £2.9%, p<0.001). The pattern of
change was identical for percent FM in the trunk, with
the 0—48 week change being slightly less pronounced
than the 0-24 week change but still statistically signifi-
cant (at week 24: —3.8 = 3.3%, p<0.001; at week 48: 3.1
+3.7%, p<0.001). The difference between the two
changes, +0.9 £ 2.5%, was not statistically significant.

Opposite, but consistent and also statistically sig-

Change in percent trunk fat

0.016

0.004

8 <0.001

0.009

_9 1 1 1] 1

12 24 36 48
Duration of GH treatment (weeks)

Mean * SD changes from baseline in percentage fat in
the trunk during GH treatment of AO (shaded bars) and
CO (clear bars) GH deficient patients, with p-values for
changes from baseline

Fig. 2.

Table 1. Changes from baseline in percent body composition, measured by DXA, during GH replacement therapy
Baseline Change to week12 Change to week 24 Change to week 36 Change to week 48
Total Fat mass % 344483 ~-14+1.6 -3.1+£2.8 -2.9+2.8 -2.7+29
P value <0.001 <0.001 <0.001 <0.001
Trunk Fat mass % 33.6+8.0 ~1.7+1.8 -3.8+33 -34+£33 -3.1%37
P value <0.001 <0.001 <0.001 <0.001
Lean body mass % 62.8+8.1 14+1.6 3.1+238 29+28 27429
P value <0.001 <0.001 <0.001 <0.001

P-values are for within-group difference in change from baseline.
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nificant changes were seen in percent LBM. The initial
increase of 3.1 + 2.8% at week 24 (p<0.001) was main-
tained at week 48 (2.7 £ 2.9%, p = 0.001).

Fig. 2 shows the changes from baseline at different
time points during the study period for percent FM in
the trunk for AO and CO patients separately. Although
on average the effect was slightly more pronounced in
AO patients, the changes were very similar for the
two onsets (change to week 48: AO 3.6+4.1%, CO
2.5+ 3.2%). The within-group changes from baseline
were statistically significant for each onset group at all
time points.

Lipid changes

Total cholesterol and LDL-cholesterol at baseline
were 218 + 34 mg/dl and 127 + 30 mg/d], respectively.
Both were significantly lower than the baseline values
at 24 and 48 weeks of treatment. Total cholesterol
decreased by —24 + 28 mg/dl at week 24 (p<0.001)
and —17 +28 mg/dl at week 48 (p=0.007); LDL-
cholesterol decreased by —17 £ 23 mg/dl (p<0.001) and
—~16 £ 20 mg/dl (p=0.001) at weeks 24 and 48, re-
spectively. In contrast, HDL-cholesterol showed no
significant difference from baseline values after 24 or
48 weeks of treatment.

Safety

There were no deaths or serious adverse reactions re-
ported during the study and no cases of de novo tumour
or tumour recurrences were observed. All patients re-
ported at least one adverse events at some time during
the study. Adverse events for which the causal rela-
tionship with GH administration could not be ruled out
(adverse drug reactions) were reported in 25 (92.6%) of
the patients. These events included edema, arthralgia,
increases in serum inorganic phosphate and alkaline
phosphatase, and decreased thyroxine levels. Two pa-
tients experienced HbAlc elevations. The first was a
60-year-old male with AO GHD and a BMI of 22.2 kg/
m? who had an increase in the HbAlc value and abnor-
mal glucose tolerance; this patient continued GH re-
placement after adequate dose reduction. The second
patient was a 33-year-old female with CO GHD and a
BMI of 25.2 kg/m? who experienced 2 episodes of in-
creased HbA 1c; the dose was reduced after the first ep-
isode, but GH treatment was eventually discontinued
after a recurrent increase in HbAlc.
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Discussion

The present study demonstrates that if dose adjust-
ment is applied to individual patients with excessively
elevated IGF-I concentrations, a beneficial GH treat-
ment effect on central fat accumulation in adult Japa-
nese GHD patients persists over the longer term. GH
dosing by IGF-I titration was recommended by the
GRS guidelines as early as 1998 [14], and is today the
internationally accepted clinical standard. It is, there-
fore, of importance to show that this dose regimen is
also fully applicable to Japanese adult patients, in whom
clinical experience with GH replacement is much more
limited compared to Caucasians.

At the end of the fixed-dose phase, the average IGF-I
SD score in AO patients was well above 2.0, but re-
turned below this upper limit after dose individualiza-
tion. This was less pronounced in CO subjects, who
exhibited the same pattern of IGF-I changes but at sig-
nificantly lower levels. These results confirm a variety
of studies in Caucasians [16-18] and also in Japanese
[19], showing that adult CO GHD patients have lower
baseline as well as GH-stimulated IGF-I levels than
AQ patients.

The changes seen in trunk FM reflected this pattern,
although the differences between onsets were not sta-
tistically significant at any time point. Similar differ-
ences between AO and CO in responsiveness to GH
replacement have been described in Caucasians [16,
17, 20], and surveillance reports indicate that in clinical
practice GH dose in Caucasians is on average about
20% higher in CO than in AO patients [20]. This may
be caused by the age and developmental difference ex-
isting between CO and AO, as CO patients are usually
much younger than AQO patients and many of them are
still in the postpubertal/transition age when GH needs
are higher than at older ages. One may thus expect that
in Japanese patients also, the individual dose adjust-
ment by IGF-I levels will, in clinical practice, produce
higher GH doses for CO compared to AQ patients.

The changes in body composition seen during the
initial double-blind phase with a fixed-dose regimen
were maintained during the open-label phase after dose
adjustment. Although the decrease in percent trunk
FM was less pronounced after dose-individualization,
the overall change from baseline to 48 weeks was still
significant. This indicates that the lower, but more
physiological, replacement dose obtained by IGF-I
adjustment is fully effective in achieving the desired
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clinical effect. Also, the magnitude of the long-term
clinical response to GH treatment did not differ very
much among onsets. This was demonstrated by the
changes seen in trunk fat, for which the initial changes
observed under the fixed dose regimen were main-
tained for both onsets after dose adjustment.

At the end of the 48-week study period the magni-
tude of the opposite changes in percent FM and percent
LBM (-2.7% and +3.1%, respectively) was compara-
ble, indicating that a redistribution of body components
had taken place. While this is in keeping with the liter-
ature [21], this study additionally showed that in the
Japanese patients the loss of FM specifically affects the
trunk. The decrease in percent trunk fat mass at 48
weeks would correspond to an average loss of about
1.0 kg in abdominal FM. In our baseline GHD popula-
tion [12] trunk FM was about 9 kg in males and 10 kg
in females and Ito et al. [13] have shown that the age-
adjusted cut-off for trunk FM for increased cardiovas-
cular complications in the normal Japanese population
is 7.8 kg for males and 8.9 kg for females. Thus, with
prolonged GH treatment with a physiological replace-
ment dose there is a trend for trunk FM values to
normalize, which translates into a clinically relevant
reduction of predicted cardiovascular risk. This is
further supported by the changes in total and LDL-
cholesterol, which were consistent with long-term data
in Caucasian patients [20].

The 48-week safety profile was consistent with pub-
lished data [16, 20, 22, 23] and available clinic experi-
ence in Caucasians and Japanese patients. There were
two patients who developed signs of glucose intoler-
ance under GH replacement; one of these was able to
continue treatment after adequate dose reduction, but
the second, with a borderline high BMI value for Japa-
nese, had to discontinue. The two cases further empha-
size the importance of accurate individual GH dosing
and the necessity of regular glucose monitoring under

GH treatment.

In summary, individualizing the GH dose by IGF-I
titration avoids excessively high IGF-I values and main-
tains clinical efficacy during long-term treatment. Ad-
equate GH replacement produces a significant and
clinically relevant decrease of abdominal FM in adult
Japanese GHD patients. This effect persists over time
and effectively reduces the cardiovascular risk associ-
ated with GHD.
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Abstract. Turner syndrome is a common sex chromosome anomaly. Human growth hormone (hGH) is effective for
treating short stature, which is a major characteristic of the disease. In this report, we analyzed the results of low-dose GH
treatment for short stature in 212 Turner syndrome patients with growth hormone deficiency. These patients were enrolled
in KIGS Japan. After 5 years of treatment, change in height was more than the mean growth curve in many patients, and
the standard deviation (SD) for stature improved by +1.22 SDS. As the treatment progressed, the weight-for-height index
(WHI) decreased in patients aged 8.1 years or older but not more than 14.8 years at the commencement of the treatment.

Key words: Growth hormone treatment, Short stature, Turner syndrome

(Endocrine Journal 53: 699-703, 2006)

TURNER syndrome is one of the most common sex
chromosome anomalies. Human growth hormone
(bGH) is effective for treating short stature, which is a
major characteristic of the disease [1]. High-dose hGH
treatment (0.05 mg/kg/day) continues to be performed
in Western countries {2]. In Japan, by contrast, previ-
ously the approved indication for hGH treatment was
limited to “short stature in Turner syndrome patients
with growth hormone deficiency and without epi-
physeal closure.” In addition, dose was also limited to
0.5 IU/kg/week (0.175 mg/kg/week). However, the
limited indication “with growth hormone deficiency”
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was removed in December 1999, and high-dose hGH
treatment (0.35 mg/kg/week) was approved.

Therefore, we believe it is meaningful to compile the
results of low-dose hGH treatment now because most
Turner syndrome patients commencing treatment from
now on will undergo high-dose hGH treatment.

As such, we analyzed the results of low-dose hGH
treatment in Turner syndrome patients with growth
hormone deficiency, and who had been enrolled in
KIGS Japan (Pfizer International Growth Study Japan).

Subjects and Methods
Subjects

Two hundred and seventeen Turner syndrome pa-
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tients were enrolled in KIGS Japan prior to the end of
January 2001 and received hGH treatment. Of these,
the 212 patients for whom there were records on height
at the commencement of the hGH treatment and basic
treatment-related information were included as subjects
in this study. Genotropin® (generic name: somatropin)
was used in the hGH treatment.

Evaluation method

Mean height and mean weight for each age and
their standard deviations (SD) [3] were used to evalu-
ate the height and weight of the patients. The differ-
ence between the measured height and the mean height
calculated according to the patient’s age was divided
by the SD of the patient’s age in order to determine
height SDS. Height SDS calculated one to five years
following the commencement of the treatment were
compared with that at commencement. In addition,
“height-age” was calculated based on the measured
height, and the mean weight of each age was regarded
as the expected weight. The ratio of the expected
weight to the measured weight was regarded as the
weight-for-height index (WHI*) and was calculated
for up to three years following the commencement of
the treatment (* the measured weight + the expected
weight).

birth was 47.0 2.4 cm (n = 131), bodyweight at birth
was 2676+411g (n=210), father’s height was
167.3 5.8 cm (n=205), and mother’s height was
154.7+5.0 cm (n=202). The hGH dose was 0.162 +
0.031 mg/kg/week, and the frequency of administra-
tion was 5.14 + 1.58 per week (Table 1).

The most common karyotype was 45X, which
accounted for 33.3% of the patients (n = 47), followed
by 45,X/46,X,i(Xq) (14.9%, n=21), 46,X,i(Xq)
(8.5%, n=12). Other types accounted for 43.3% of
the patients (n = 61) (Table 2).

Twenty-eight patients underwent gonadal substitu-
tion therapy as a concomitant therapy. The patients
were aged 16.4=+ 2.5 years at the commencement of
the gonadal suppletion therapy, which commenced
3.7 £ 2.2 years following the hGH treatment.

Height prior to the hGH treatment was evenly dis-
tributed both above and below the mean growth curve,
but at the final observation it was above the mean in
many patients (Fig. 1); thus suggesting that the hGH
treatment was effective. In addition, the patients were
divided into two groups based on the duration of the
hGH treatment (less than five years, or five years or
more), and the heights at the commencement of the
treatment and at the final observation were plotted on a
growth curve for girls with Turner syndrome (Fig. 2).
The figure clearly shows the improvements in height
SDS. We examined the relationship between the age at

Results Table 2. Karyotype distribution
Patient background Karyotype n (%)
45X 41 (29.1%)
The patients were aged 11.4%3.3 years (mean =+ 45,X/46,X,i(Xq) 22 (15.6%)
SDS) (range: 3.3 to 19.2) when they commenced the 46,X,i(Xq) 14 (9.9%)
hGH treatment, and the follow-up period was 45,X/46,XX 8 (5-7%”)
3.3+2.2 years (range: 0.0 to 17.5 years). Height at Others 36 (39.7%)
Table 1. Patient background
n Mean SDS Median Range
Age at commencement of GH treatment (years) 212 11.4 33 11.5 3.3-19.2
Follow-up period (years) 212 33 2.2 3.8 0.0-17.5
Height at birth (cm) 131 47.0 2.4 47.0 37.0-51.0
Bodyweight at birth (g) 210 2676 411 2700 1305-3820
Gestation period (weeks) 208 39.1 1.6 40.0 32.0-43.0
Father’s height (cm) 205 167.3 5.8 167.0 150.0-181.0
Mother’s height (cm) 202 154.7 5.0 155.0 143.0-170.0
GH dose (mg/kg/week) 212 0.162 0.031 0.162 0.04-0.343
Frequency of GH administration (per week) 212 5.14 1.58 6.00 1.00-7.00
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which the treatment commenced and the changes in
height SDS (Table 3). Height SDS was significantly
greater than for the preceding year for each of the four
years following the commencement of the treatment.
Height SDS five years following the commencement of
the treatment was 1.22SDS. Furthermore, we divided

At commencement

(cm) of treatment (cm)
180 180

At final observation

160 160

140 140

120 120

100 % 100
80 - 80
60 [/ 60
40 40
20 20
0 - . 0 : : :

0 5 10 15 20 0 5 10 15 20
Age (years)

Fig. 1. Height at commencement of hGH treatment and at final

observation.

Height prior to the hGH treatment was evenly distribut-
ed both above and below the mean growth curve, but at
the final observation it was above the mean in many pa-
tients of Turner syndrome.

the patients into two groups based on the age at which
the treatment commenced (below 11.4 years, or 11.4
years or more) such that both groups had the same
number of patients. The rates of increase up to two
years following the commencement of the treatment
were significantly high in the group aged less than
11.4 years (p = 0.05, Fig. 3).

Height (cm) Height (cm)
Duratien of treatment: ] s lDumﬁonoﬂmalmen\: [
Less than five years 2
140 140 o
“*
12 20
60 60 /
o w15 2 2% o 5 0 15 2 25
Age (years)
Fig. 2. Height at commencement of hGH treatment and at final

observation (sorted by duration of treatment).

Subjects were divided into two groups on the basis of
duration of treatment (less than five years or five years
or more). Height at commencement of treatment and
height at final observation were plotted on the growth
curve for Turner syndrome patients.

Table 3. Delta height SDS following GH treatment

n Mean SD Median Range
At commencement Height SDS 212 0.13 0.89 0.12 -2.83-2.58
Age 11.44 3.35 11.49 3.31-19.08
One year later Height SDS 189 0.55 0.85 0.54 —2.89-2.96
Delta Height SDS 0.40 0.29 0.38 -0.27-2.12
Age 12.42 3.36 12.54 4.31-20.22
Two years later Height SDS 129 0.78 0.84 0.79 -1.82-2.94
Delta Height SDS 0.63 0.41 0.60 -0.74-1.86
Age 13.10 3.16 13.09 5.87-21.07
Three years later Height SDS 99 1.03 0.80 1.07 -1.59-3.28
Delta Height SDS 0.83 0.51 0.83 -0.53-2.03
Age 13.81 3.28 13.83 6.89-22.03
Four years later Height SDS 50 1.23 0.71 1.25 -0.12-3.28
Delta Height SDS 1.11 0.48 1.08 0.18-2.18
Age 14.45 294 13.88 9.02-23.07
Five years later Height SDS 36 1.13 0.74 1.15 -0.41-2.44
Delta Height SDS 1.22 0.46 1.20 0.39-2.34
Age 14.60 2.29 14.62 10.02-19.95

Delta height SDS: Height SD at each observation — Height SD at commencement
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Fig. 3. Height SDS (sorted by age at commencement of hGH

treatment).

Changes in physical cownstitution

We analyzed changes in physical constitution using
WHI. Mean body weights for Turner syndrome pa-
tients up to 17 years and 0 months have been reported.
We could therefore calculate WHI in cases in which
height was up to 135.9 cm, which is the reported mean
height of patients aged 17 years and 0 months (in cases
without genital bleeding). In order to create a uniform
analysis population, we selected subjects who were
aged 8.1 to 14.8 years (i.e. within the range of mean =+
1SDS), and on the basis of height growth during the
treatment. We calculated WHI up to three years fol-
lowing the commencement of the treatment (Fig. 4).
WHI was 1.059 + 0,165 (n= 135) at commencement,
1.008 4+0.164 (n=103) one year following com-
mencement, 0.983 + 0.163 (n = 60) two years follow-
ing commencement, and 0.972 + 0.139 (n = 33) three
years following commencement, and as such, WHI
following commencement of the treatment was sig-
nificantly lower than that at commencement (p = 0.05).

Discussion

Short stature and gonadal dysfunction in Turner syn-
drome patients are indications for hormonal therapy.
Therefore, various therapies to improve the patient
stature have been attempted. The most commonly used
therapy in addition to anabolic steroid treatment and
sex steroid treatment is hGH treatment. Increases in
height can be expected from hGH due to its pharmaco-
logical action, and there are many reports on hGH
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Fig. 4. Change of WHI at duration of hGH treatment.

treatment in many countries. In particular, Rosenfeld
et al. reported that an increase of 10.3+4.7cm in
height was achieved by hGH treatment in combination
with anabolic steroid treatment [4].

As such, hGH treatment is considered effective for
treating short stature in Turner syndrome patients.
However, in Japan reports are mainly on the results of
clinical trials [5] or results compiled by the Foundation
for Growth Science in Japan [6]. There is no report on
the results of any cohort study. Thus, we compiled the
results of treatment using Genotropin, a recombinant
human growth hormone, in Turner syndrome patients.
There are various karyotypes in Turner syndrome.
60.2% [7] of all Turner syndrome patients enrolled in
KIGS International (which is the parent organization
for KIGS Japan), 54.6% of patients studied by Lippe ef
al. [8] and 46.0% of patients studied by Kleczkowska
et al. [9] were karyotype 45,X. In our study, karyotype
45,X was lower than in these studies in foreign coun-
tries. This is thought to be due to technical problems
such as the larger number of cells that are required for
chromosomal analysis.

However, it was reported that Turner syndrome pa-
tients who have an X isochromosome cannot secrete
enough hGH, so bone maturation is delayed [10]. In
other words, different karyotypes may respond to hGH
differently. In our study, although there was no great
difference between the karyotypes with respect to the
response to hGH treatment (data not shown), it is nec-
essary to continue to put effort into correctly diagnos-
ing the karyotype.

In this study, the mean improvement in height was
1.228DS following short-term hGH treatment (five
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years). Height SDS increased more in patients who
commenced the treatment at an earlier age. In princi-
ple, hGH treatment can be continued until epiphyseal
closure occurs. Therefore, it is important in the future
to examine the extent to which height prognosis will
improve in cases in which Turner syndrome was diag-
nosed early and the treatment commenced during in-
fancy. As mentioned earlier, high-dose treatment has
been approved as a health insurance-covered treatment,
and therefore it is expected that the effect of hGH treat-
ment on improvements in height SDS will increase.

In this study, we examined the effect of low-dose
hGH treatment in patients with GH deficiency. We did
not, however, examine the relationship between the
effect of hGH treatment and the extent of GH defi-
ciency. Further studies are necessary to verify it.

hGH treatment in Turner syndrome patients not only
promotes growth but also improves physical constitu-
tion [11], We therefore calculated expected body-

weight in order to calculate WHI. We used WHI to
evaluate bodyweight because it is difficult to specify
normal bodyweight for Turner syndrome patients, and
body mass index (BMI) is not appropriate for longitu-
dinal evaluation of bodyweight in school-aged chil-
dren. WHI significantly decreased during the three
years of treatment, suggesting that hGH has a benefi-
cial effect on physical health.

Currently in Japan, high-dose hGH treatment is per-
formed in Turner syndrome patients. In the future it is
necessary to further compile the results of low-dose
hGH treatment, and to accumulate data on high-dose
hGH treatment.

With respect to the data used in this report, we ob-
tained consent from the patients or parents of the pa-
tients for the secondary use of their medical data. (This
consent was obtained when KIGS Japan entered agree-
ment for participation in this study with them.)
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A previous trial showed that treatment of children with severe IgA nephropathy (IgAN) using prednisolone, azathioprine,
heparin-warfarin, and dipyridamole for 2 yr early in the course of disease reduced the severity of immunologic renal injury
and prevented any increase in the percentage of sclerosed glonieruli. This study compared the effects of prednisolone,
azathioprine, warfarin, and dipyridamole (combination) with those of prednisolone alone in 80 children with newly diag-
nosed IgAN that showed diffuse mesangial proliferation. Patients were randomly assigned to receive either the combination
or prednisolone alone for 2 yr. The primary end point was the disappearance of proteinuria, defined as urinary protein
excretion <0.1 g/m? per d, and the secondary end points were urinary protein excretion at the end of treatment, the change in
the percentage of sclerosed glomeruli during the trial, and adverse effects. The two study groups were similar in terms of
baseline characteristics. Thirty-nine of the 40 patients who received the combination and 39 of the 40 who received
prednisolone completed the trial. Thirty-six (92.3%) of the 39 patients who received the combination and 29 (74.4%) of the 39
who received prednisolone reached the primary end point by the 2-yr follow-up point (P = 0.007 log-rank). The percentage
of sclerosed glomeruli was unchanged in the patients who received the combination but increased from 3.1 * 4.8 o 14.6 =
15.2% in the prednisolone group (P = 0.0003). The frequency of adverse effects was similar in the two groups. It is concluded

that combination treatment may be better for severe IgAN than treatment with prednisolone alone.
Clin ] Am Soc Nephrol 1: 511-517, 2006. doi: 10.2215/CJN.01120905

gA nephropathy (IgAN) is the most common variety of

primary glomerulonephritis in the world today. It was

initially considered a benign disease with a favorable
prognosis, but then data from long-term follow-up studies
revealed that the disease progressed to renal failure in 20 to
50% of adult patients (1,2). Although there has been a prevail-
ing belief that the prognosis of IgAN is more benign in children,
recent studies do not support this (3). Children who have IgAN
and in whom diffuse mesangial proliferation is evident on renal
biopsy have a high risk for progressive renal deterioration (4).
On the basis of a multicenter, randomized trial, we reported
previously that treatment of childhood IgAN with diffuse mes-
angial proliferation using prednisolone, azathioprine, heparin-
warfarin, and dipyridamole for 2 yr early in the course of
disease reduced the severity of immunologic renal injury and
prevented any increase in the percentage of sclerosed glomeruli
(5). Corticosteroids uncombined with other drugs have been
widely used to treat IgAN in pediatric patients (6-8). However,
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it has not been clear whether similar effects can be obtained
using prednisolone alone in children with severe IgAN.

Materials and Methods

The study was a prospective, unblinded, randomized, controlled
clinical trial that involved 20 Japanese pediatric renal centers (The
Japanese Pediatric IgA Nephropathy Treatment Study Group). The
study protocol was in accordance with the standards of the ethics
committee at each center, and all patients’ parents gave informed
consent to participate.

‘Patients

Patients were eligible for the study when they had a new diagnosis
of having IgAN with diffuse mesangial proliferation by renal biopsy
and when the following criteria were satisfied: (1) Age <15 yr at study
entry, (2) no previous treatment with corticosteroids or immunosup-

. pressive drugs, and (3) sufficient renal biopsy tissue available for

histologic evaluation (minimum of 10 glomeruli).

The pathologist at each study center examined each renal biopsy
specimen by light and immunofluorescence microscopy. The histologic
sections were reviewed by two independent investigators who were
unaware of the patients” clinical data at entry into the study. A diag-
nosis of IgAN was based on the presence of IgA as the sole or predom-
inant Ig in the glomerular mesangium without systemic disease (9).
Diffuse mesangial proliferation was defined on the basis of the World
Health Organization criteria (>80% of glomeruli showing moderate or

ISSN: 1555-9041/103-0511
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severe mesangial cell proliferation, i.e., more than three cells per pe-
ripheral mesangial area) (10). Mesangial cell proliferation always was
accompanied by increased mesangial matrix. The intensity of mesan-
gial IgA deposits was graded semiquantitatively on a scale of 0 to 3+:
0, none; 1+, slight; 2+, moderate; and 3+, intense.

Study Design

After study eligibility was established and informed consent was
obtained, patients were assigned randomly to one of the two treatment
groups. Randomization was done by a sealed-envelope technique in
blocks of four. The patients who were assigned to group 1 received
prednisolone, azathioprine, warfarin, and dipyridamole treatment for
24 mo. Prednisolone was given orally at a dose of 2 mg/kg body wt per
day (maximum 80 mg/d) every day in three divided doses for 4 wk,
followed by 2 mg/kg every 2 d given as a single dose in the morning
for 4 wk, 1.5 mg/kg every 2 d given as a single dose in the morning for
4 wk, and 1 mg/kg every 2 d given as a single dose in the morning for
21 mo. Azathioprine was given orally at a dose of 2 mg/kg body wt per
day in a single morning dose for 24 mo. When a patient’s leukocyte
count decreased to <4 X 10°/1, azathioprine was discontinued until
the leukocyte count increased to >4 X 10°/L. Warfarin was given in a
single morning dose to maintain the Thrombotest at 30 to 50% for 24
mo. Dipyridamole was given orally at a dose of 5 mg/kg body wt per
day in three divided doses for a total dose of not more than 400 mg/d
for 24 mo. The patients who were assigned to group 2 received pred-
nisolone alone under the same treatment protocol as that for group 1.
The use of angiotensin-converting enzyme inhibitors and angiotensin II
receptor blockers was prohibited.

On entry into the study, all patients underwent a physical examina-
tion, and their complete medical histories were obtained. Initial clinical
and laboratory results were forwarded to the coordinating center.
Patients were followed up once a month during the study. At each
follow-up visit, the patients were asked about their symptoms and
were monitored for any adverse effects of therapy. Tests and measure-
ments that were carried out at each visit comprised blood count (in-
cluding hemoglobin, white blood cells, and platelets), Thrombotest,
serum creatinine, blood urea nitrogen, serum IgA concentration, uri-
nary protein excretion, hemostix test, BP, body weight, and body
height. Hypertension was defined as present when the systolic or
diastolic BP exceeded the upper normal limit for Japanese healthy
children (mean + 2 SD).

At the time of study enrollment, all patients were asked to undergo
repeat renal biopsies at the end of treatinent. Two independent inves-
tigators who were blinded to the treatment status reviewed the second
biopsies. No arrangement was made about treatment after the end of
the 24-mo study period, and this was left to the judgment of each
physician.

Statistical Analyses

On the basis of the data of our previous randomized, controlled
study (5), we decided that the primary end point was the disappearance
of proteinuria, as defined by urinary protein excretion <0.1 g/m? per d
(11), and the secondary end points were urinary protein excretion at the
end of treatment, change in the percentage of sclerosed glomeruli
during the trial, and adverse effects. We predicted that the disappear-
ance rate of proteinuria would be 65% in the combination group and
50% in the prednisolone alone group. Thirty-six patients were required
for each study group, based on a selection design (12) in which the
probability of correctly selecting the better treatment is 0.9 when it is
superior by an absolute difference of 15% in the disappearance rate of
proteinuria.

Clin ] Am Soc Nephrol 1: 511-517, 2006

The results were analyzed with StatView J-4.02 software. The distri-
bution of clinical and morphologic attributes between the treatment
groups was examined by Fisher exact test. Continuous characteristics at
the start of treatment were compared using the Mann-Whitney LU test.
Differences between study entry and study end in each treatment
group were tested by the Wilcoxon signed rank test. The disappearance
rate of proteinuria was analyzed by the Kaplan-Meier method, and the
two groups were compared by intention-to-treat analysis by log-rank
test. A two-tailed P < 0.05 was taken as the level of significance.

Results
Between January 1994 and December 1998, 83 children re-

ceived a new diagnosis of having IgAN that showed diffuse
mesangial proliferation. All 83 children met the criteria for
inclusion in the trial. Eighty of the 83 patients were willing to
enter the study (Figure 1). Of these, 40 were assigned to group
1 (prednisolone, azathioprine, warfarin, and dipyridamole) and
40 were assigned to group 2 (prednisolone alone). The clinical
and laboratory characteristics of the patients in the two groups
were similar (Table 1). Twenty-three (57.5%) patients in group
1 and 27 (67.5%) in group 2 presented with asymptomatic
proteinuria and microscopic hematuria detected by a school
screening program.

One patient in group 1 was lost to follow-up in the first
month as a result of withdrawal of consent. Prednisolone was
discontinued in four patients in group 2 as a result of adverse
effects (three patients, in the 13th, 14th, and 21st months) and
noncompliance (one patient in the 13th month). One of the
three patients was lost to follow-up in the 22nd month. Three
patients in group 1 did not complete the azathioprine therapy
because of adverse effects (in the first, second, and 11th
months) but completed the planned prednisolone, warfarin,
and dipyridamole therapy. Thirty-nine patients each in groups
1 and 2 completed the 2 yr of treatment (Figure 1). All 40

83 eligible
participanis

3 excluded
{refused to perticipate}

[ 80 randomized allocated [

| .

40 group 1 40 group 2
prednisolone, prednisofone
azathioprine,

warfarin,
and dipyridamole

1 Jost to follow-up 1 lost to follow-up

! l

39 completed teial 38 compisted trial
in analysis in analysis

32 had repeat biopsies 30 had repest biopsies
Figure 1. Trial profile.
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Table 1. Baseline characteristics
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Characteristics Co(fb_:ngﬁon Pr?;iriszloc;ne P
Demographic
age (yr; mean [SD]) 11.5(3.2) 11.1 (2.8) 0.57
gender (M/F) 22/18 21/19 0.99
mo of disease (mean [SD)) 11.5 (14.1) 14.8 (16.6) 0.30
mo from biopsy (mean [SD]) 1.6 (1.4) 1.5(1.4) 0.47
Initial presentation
asymptomatic proteinuria and hematuria 25 (62.5%) 33 (87.5%) 0.14
macroscopic hematuria 12 (30.0%) 5 (12.5%)
edema 3 (7.5%) 2 (5.0%)
BP (mmHg, mean [SD])
systolic 116 (11) 114 (13) 0.23
diastolic 64 (11) 63 (11) 0.62
Renal function
urinary protein excretion (g/m? per d; mean [SD]) 1.30 (1.17) 1.14 (1.12) 0.44
hematuria in morning urine® (mean [SD]) 3.0 (0.6) 3.0(0.8) 0.64
blood urea nitrogen (mmol/L; mean [SD]) 5.2 (2.6) 4.7 (1.3) 0.74
serum creatinine (umol/L; mean [SD]) 49 (19) 43 (14) 0.22
estimated creatinine clearance (ml/min per 1.73 m?% 147 (34) 157 (33) 0.24
mean [SD])
serum IgA (mg/dl; mean [SD]) 274 (117) 248 (109) 0.33
Renal biopsy
no. of glomeruli (mean [SD]) 22.9(14.8) 21.9 (10.4) 0.80
glomeruli showing sclerosis (%; mean [SD]) 3.9 (8.0) 2.7 (5.0) 0.97
glomeruli showing crescents (%; mean [SD]) 17.8 (18.0) 19.3 (17.1) 0.65
glomeruli showing capsular adhesions (%, mean [SD]) 5.5(8.2) 39(5.2) 0.66
intensity of mesangial IgA deposits® (mean [SD]) 2.1(0.5) 2.2 (0.6) 0.49

“Hematuria was quantified using dipsticks, and macroscopic hematuria was quantified as 4.
PThe intensity of deposits on immunofluorescence microscopy was graded semiquantitatively on a scale from 0 to 3+: no,

0; slight, 1+; moderate, 2+; and intense, 3+.

patients in both groups were included in the Kaplan-Meier
analysis of treatment effect (Figure 2).

Changes in Proteinuria, Hematuria, Renal Function, and
Serum IgA Concentrations

At the end of the 2-yr treatment period, 36 (92.3%) of the 39
patients in group 1 and 29 (74.4%) of the 39 patients in group 2

W e combination
...... predniscions

s
[

o
[+:]
1

©
[+
i

©
n
i

Disappsarence rate of proteinuria
©
-
k3

<3
<3
L

L R LI T £ T ™7

0 2 4 6 8 101214 16 18 20 22 24

Follow-up (months}
Followed patient number
combination 40 39 3% 38 39
prednisolone 40 40 40 40 a8

Figure 2. Disappearance of proteinuria as defined by urinary
protein excretion <0.1 g/m? per d.

reached the primary end point (urinary protein excretion <0.1
g/m? per d). Kaplan-Meier analysis demonstrated that the disap-
pearance rate of proteinuria was significantly higher in group 1
than in group 2 at the 2-yr follow-up point Jog-rank P = 0.007;
Figure 2). The difference in the disappearance rate of proteinuria
between the two groups at the end of the 2-yr treatment period
was 17.9% (95% confidence interval 1.8 to 34.0%).

Mean urinary protein excretion in group 1 was reduced from
1.29 g/m? per d at the start of treatment to 0.10 g/m? per d at the
end (P < 0.0001), and that in group 2 was also reduced from 1.16
t0 0.12 g/m? per d (P < 0.0001; Table 2). The intergroup difference
in the reduction of mean urinary protein excretion at the end of
treatment was NS. The presence of blood in morning urine, quan-
tified using dipsticks, a colorimetric test for hemoglobin (13),
showed significant reduction in both groups (Table 2). The mean
serum IgA concentration in group 1 decreased from 276 = 118
mg/dl at the start of treatment to 194 = 85 mg/dl at the end (P =
0.0001), and that in group 2 also decreased from 245 = 109 to
194 + 90 mg/dl (P = 0.0003). BP and creatinine clearance were
normal at the end of the trial in all patients. The mean body mass
indexes in both groups increased significantly even though they
were within normal range during the study period (Table 2).
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Table 2. Effect of 2 yr of treatment

Clin ] Am Soc Nephrol 1: 511-517, 2006

Parameter Trséiﬁéit Tr}ig?moefnt P

Clinical data
Urinary protein excretion (g/m? per d; mean [SD])

combination (n = 39) 1.29 (1.19) 0.10 (0.15) © <0.0001

prednisolone (n = 39) 1.16 (1.13) 0.12(0.16) <0.0001
Urinary protein excretion <0.1 g/m? per d

combination (n = 39) 0 36 (92.3%) <0.0001

prednisolone (n = 39) 0 29 (74.4%) <0.0001
Hematuria in morning urine® (mean [SD])

combination (n = 39) 3.0 (0.5) 0.4 (0.8) <0.0001

prednisolone (n = 39) 3.0 (0.8) 0.6 (1.0 <0.0001
Estimated creatinine clearance (ml/min per 1.73 m? mean [SD])

combination (n = 39) 148 (33) 156 (26) 0.64

prednisolone (17 = 39) 156 (32) 155 (32) 0.95
Estimated creatinine clearance <60 ml/min per 1.73 m?

combination (n = 39) 0 0

prednisolone (n = 39) 0 0
Serum IgA (mg/dL mean [SD])

combination (n = 39) 276 (118) 194 (85) 0.0001

prednisolone (n = 39) 245 (109) 194 (90) 0.0003
Body mass index (mean [SD])

combination (n = 39) 18.7 (4.0) 20.0 (3.0) 0.0007

prednisolone (n = 39) 19.1 (3.7) 21.8 (4.3) <0.0001
Pathologic data
Time of repeat biopsy from end of treatment (mo; mean [SD])

combination (n = 32) 1.2 (3.0)

prednisolone (n = 30) 1.8 (3.6)
No. of glomeruli (mean [SDJ)

combination (n = 32) 245 (15.5) 26.8 (16.5) 0.67

prednisolone (1 = 30) 24.2 (10.1) 26.2 (14.8) 0.68
Glomeruli showing sclerosis (%; mean [SD])

combination (n = 32) 500.1) 4.6(7.9) 0.74

prednisolone (n = 30) 3.1(4.8) 14.6 (15.2) 0.0003
Glomeruli showing crescents (%; mean [SD])

combination (n = 32) 17.3 (16.6) 1.7 (3.0) <0.0001

prednisolone (n = 30) 19.1 (17.1) 0.9 (1.9) <0.0001
Glomeruli showing capsular adhesions (%; mean [SD])

combination (n = 32) 5.2 (7.0) 5.3 (8.1) 0.62

prednisolone (1 = 30) 3.6 (5.4) 5.0 (7.5) 0.60
Intensity of mesangial IgA deposits® (mean [SD])

combination (n = 31) 2.1(04) 1.5 (1.0) 0.006

prednisolone (n = 29) 2.2 (0.5) 1.8 (1.2) 0.03

*Hematuria was quantified using dipsticks and macroscopic hematuria was quantified as 4.
PThe intensity of deposits on immunoflucrescence microscopy was graded semiquantitatively on a scale from 0 to 3+: no,

0; slight, 1+; moderate, 2+; and intense, 3+.

Changes in Pathologic Features

Thirty-two patients in group 1 and 30 in group 2 underwent
repeat renal biopsies at the end of treatment (Table 2). The
mean percentage of glomeruli that showed segmental or global
sclerosis was unchanged in group 1 but increased from 3.1 %
4.8% at the start of treatment to 14.6 £ 15.2% at the end of
treatment in group 2 (P = 0.0003). The percentage of glomeruli

that showed crescents was significantly reduced in both groups
(P < 0.0001, respectively). The percentage of glomeruli that
showed capsular adhesions was unchanged in both groups.
Immunofluorescence was not available for the repeat biopsy
at the end of treatment for one patient each in groups 1 and 2.
The initial renal biopsy revealed intense or moderate mesangial
deposits of IgA in all patients. Mesangial IgA deposits became
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significantly less intense at the end of treatment in both groups
(P = 0.006 and 0.03, respectively).

Adverse Effects

The adverse effects in both treatment groups are shown in
Table 3. Ten patients in each group showed adverse effects, and
the total number of cases of adverse effects that were observed
in each group was 14. One patient in each group showed
aseptic necrosis of the femoral head (as a result of pred-
nisolone). Other adverse effects that affected group 1 patients
were glaucoma (as a result of prednisolone; two patients),
headache (as a result of dipyridamole; three patients), leuko-
penia (as a result of azathioprine; four patients), bleeding (one
patient), anemia (as a result of azathioprine; one patient), and
elevation of transaminase concentration (two patients). Other
adverse effects as a result of prednisolone that affected group 2
patients were hypertension (five patients), glucosuria (three
patients), glaucoma (two patient), cataract (two patients), and
elevation of transaminase concentration (one patient). Hyper-
tension was improved only by restricted sodium diet and ta-
pering of prednisolone based on the study design without
antihypertensive drugs. All of these adverse effects except for
aseptic necrosis of the femoral head and cataract subsided after
the treatment.

Azathioprine was discontinued until the adverse effects sub-
sided in two patients with leukopenia and one patient with
elevation of transaminase concentration in group 1. However,
these three patients completed the planned prednisolone, war-
farin, and dipyridamole therapy. Prednisolone was discontin-
ued in one patient with glucosuria and hypertension, one pa-
tient with glaucoma and hypertension, and one patient with
glaucoma in group 2 by doctors in charge.

Discussion

Like our previous randomized, controlled trial (5), this study
showed that the combination therapy for 2 yr significantly
reduced the level of urinary protein excretion, serum IgA con-
centration, and mesangial IgA deposition and prevented any
increase of sclerosed glomeruli in children with newly diag-
nosed IgAN that showed diffuse mesangial proliferation. In

Table 3. Adverse effects

Adverse Effect Combination Prednisolone

(n = 40) (n = 40)
Hypertension 0 5 (12.5%)
Glucosuria 0 3 (7.5%)
Aseptic necrosis of femur 1 (2.5%) 1 (2.5%)
Glaucoma 2 (5.0%) 2 (5.0%)
Cataract 0 2 (5.0%)
Headache 3 (7.5%) 0
Leukopenia 4 (10.0%) 0
Bleeding 1 (2.5%) 0
Anemia 1 (2.5%) 0
Elevation of fransaminase 2 (5.0%) 1 (2.5%)

concentration
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contrast, treatment with prednisolone alone for 2 yr did not
prevent a further increase of sclerosed glomeruli, although it
reduced the level of urinary protein excretion, serum IgA con-
centration, and mesangial IgA deposition. Disappearance of
proteinuria (primary end point) was observed in 36 (92.3%) of
the 39 patients in the combination therapy group and in 29
(74.4%) of the 39 patients in the prednisolone alone group.
Kaplan-Meier analysis demonstrated that the disappearance
rate of proteinuria was significantly higher in group 1 than in
group 2 at the 2-yr follow-up point (log-rank P = 0.007; Figure
2). The difference in the disappearance rate of proteinuria be-
tween the groups at the end of the 2-yr treatment period was
17.9% (95% confidence interval 1.8 to 34.0%). On the basis of the
selection design (11), we therefore were able to select the com-
bination treatment as the better of the two. This selection also
was supported by the intergroup difference in the change in the
percentage of sclerosed glomeruli during the trial. These find-
ings suggest that combination treatment may be better for
IgAN that shows diffuse mesangial proliferation than pred-
nisolone monotherapy. Most of the patients who reached the
primary end point did so within the first 12 mo (Figure 2).
Therefore, we may be able to modify the duration and/or dose
for prednisolone treatment to reduce adverse effects.

The most appropriate treatment for patients with IgAN is
controversial. The present standard treatment is focused on two
perspectives: Anti-inflammatory drugs to fight the systemic
immune reaction and renal histologic activity, including corti-
costeroids and immunosuppressors, and antisclerogenic drugs
to inhibit progressive renal fibrosis (14). The rationale for using
prednisolone and azathioprine in IgAN is that corticosteroids
and immunosuppressive agents reduce IgA production and
minimize the abnormal immune response and inflammatory
events after glomerular IgA deposition. Warfarin and dipyrid-
amole are used to inhibit the mediators of glomerular damage.
Corticosteroids, immunosuppressive agents, antiplatelet drugs,
and anticoagulants have been used singly or in combination in
children and adults with IgAN (7,15-19). However, clinical
trials that were conducted in the early period have not pro-
vided convincing evidence of any beneficial effect of drugs
(20,21).

Corticosteroids have been widely used to treat moderate to
severe IgAN, particularly in pediatric patients. To date, infor-
mation concerning not only the effectiveness but also the safety
of corticosteroid therapy over a long time course has been
largely defective. It has been difficult to assess the results of
treatment trials with these agents in terms of preservation of
renal function, as a result in part of wide variations in the
length of therapy and the dosing regimens used and also to the
use of corticosteroids in combination with other drugs (22).
Recently, however, some evidence has been obtained for the
role of corticosteroids in the treatment of IgAN (2,22). In adults
with IgAN, an Italian prospective, randomized, controlled trial
demonstrated that a 6-mo course of steroid treatment protected
against deterioration of renal function with no notable adverse
effects during follow-up (23). Recently, the long-term follow-up
data of the trial showed that corticosteroids significantly re-
duced proteinuria and protected against renal function deteri-
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oration (24). With regard to children, our previous study (5) is
the only randomized, controlled trial so far to have demon-
strated that treatment that includes corticosteroid for 2 yr early
in the course of disease reduces immunologic renal injury and
prevents any further increase of glomerular sclerosis. Up to
now, however, it has been unknown whether corticosteroid
alone is sufficient for treatment of IgAN in children, and there
has been no reliable evidence for its effectiveness in this group
of patients (22).

The difference in the effectiveness between the two treatment
regimens in our study was thought to be due to the total effect
of azathioprine, warfarin, and dipyridamole. Although the ex-
act mechanism by which this regimen prevents glomerular
sclerosis remains unknown, immunosuppressive agents may
play a major role. To investigate this issue, a controlled trial is
currently in progress to compare the effects of prednisolone,
immunosuppressive agents, warfarin, and dipyridamole with
those of prednisolone and immunosuppressive agents in chil-
dren with severe IgAN.

The beneficial effects of prednisolone, azathioprine, warfarin,
and dipyridamole treatment were accompanied by relatively
few serious adverse effects that were attributable specifically to
the drugs, except for aseptic necrosis of the femoral head. Three
patients did not complete the treatment because of adverse
effects of azathioprine. However, these adverse effects sub-
sided after withdrawal of azathioprine, and three of the pa-
tients completed the planned prednisolone, warfarin, and di-
pyridamole therapy. Aseptic necrosis of the femoral head was
observed in one patient in each of the groups. This is a severe
adverse effect with sequelae. To reduce its frequency and se-
verity, we may be able to modify the corticosteroid regimen.
Five of the 40 patients in group 2 (prednisolone alone) showed
hypertension, but none of the 40 patients in group 1 (combina-
tion) did so. Dipyridamole therapy therefore may prevent the
development of hypertension in children who receive pred-
nisolone.

Our serial pathologic observations (25,26) have revealed that
the extent of glomerulosclerosis increases with time in patients
who show persistent proteinuria. In this study, treatment was
started early in the course of disease because the duration of the
disease before treatment was short and the extent of glomeru-
losclerosis was low as a result of the school screening program.

Accumulated experience indicates that long-term corticosteroid-

and/or immunosuppressive treatment during the insidiously
progressive stage of the disease does not confer any benefit in
adult patients (27). Because of the variable rate of progression
to renal failure and the probable multifactorial pathogenesis of
IgAN, the effectiveness of any treatment can be evaluated
properly only by a controlled trial. '

In a controlled trial, it is important to select adequate end
points. Although in a clinical trial of progressive IgAN the
ultimate end point is development of chronic renal insuffi-
ciency, most pediatric patients do not develop it during the 2-yr
study period (22). Our previous trial (5) and experience also
support this. Therefore, studies of pediatric patients with IgAN
may differ markedly from studies of adults with regard to the
apparent risk for progressive disease and, hence, the need for
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therapy (22). For this reason, we decided that the primary end
point of this study was the disappearance of proteinuria.
Although the 2-yr study period may be too short to confirm
the long-term benefit of the prednisolone, azathioprine, warfa-
rin, and dipyridamole regimen, the results obtained so far
suggest that the combination therapy may slow the rate of
progression to chronic renal failure, because it prevents the
progression of glomerular sclerosis. After 2 yr of treatment, all
of the patients are still being followed to examine the long-term
effects of the combination freatment on the rate of progression
to chronic renal failure. ,

Conclusion

Treatment of children with severe IgAN using prednisolone
alone for 2 yr reduces the severity of immunologic renal injury
but does not prevent any further increase of glomerular scle-
rosis. Therefore, treatment with prednisolone, azathioprine,
warfarin, and dipyridamole for 2 yr early in the course of
disease may be better than prednisolone alone for this group of
patients.
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