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H19-

Tumour | Age/sex DMR ’S('f:tzus WTT allele 1 WTT allele 2 Other CGH changes Anomaly/reference/heredity
BWT1R 1 year 1 month/F UPD Hypermethyl. (C) pUPD ex 1, 370C>T/G124X The same as allele 1, UPD11pt-11cen del(7)q11.1921.11) None

- Bwr2L 1 year 2 months/F ROH Normal Methyl. (C) ROI Deletion of 21.8 Mb Deletion spanning exons 4-9 None WAGR syndrome/No. 1?
BWT2ZR — ROH Normal methyl. (C) ROI Deletion of 21.8 Mb ex 7, 927-956del30ins5/T3091s379X None WAGR syndrome/No. 16*
BWT3R 1 year 2 months/M UPD Hypermethyl. (C, M) pUPD Deletion in ex 1~5 The same as allele 1, UPD11pt-11cen UPD3pter-3p14.2,7p-q+ None/No. 2%
BWT4L 12 months/M UPD Hypermethyl. (C) pUPDb ex 9, 1168C>T/R390X The same as allele 1, UPD (MLPA) NE None
BWT4R —_ UPD Hypermethyl. (C, M) pUPDb |oex 9, 1168C>T/R390X The same as allele 1, UPD, 11 pt-p13 7p-q+ None
BWT5L 9 months/M UPD Hypermethyl. (C, M) pUPD ex 9, 1168C>T/R390X The same as allele 1, UPD 11pter-p12 None Hypospadia/cryptorchidism/No. 267
BWT6R 12 months/M UPD Hypermethyl. (C, M) pUPD VS1+1G>A The same as allele 1, UPD. (MLPA} NE None
BWT7R 7 months/F UPD Hypermethyl. (C, M) pUPDb ex 1, 268delA/SP0Afs128X | The same as allele 1, UPD11pt-11cen None None
BWT8R 2 months/M UPD Hypermethyl. (C, M) pUPDb ex 3, 646delC/L216Cfs2X The same as allele 1, UPD11pt-1 1c¢n ig+ None
BWTSL 1 year 1 month/M ROH Normal Methyl. (C) ROI ex 1, 172delC/P58Rfs32X Deletion of 1.6 Mb None Urogenital anomaly/No. 19*
BWT9R — UPD Hypermethyl. (C, M) pUPD ex 1, 172delC/P58Rfs32X The same as allele 1, UPD11pt-11cen UPD17¢21.33-qter Urogenital anomaly/No. 312
BWT10L 1 year 2 months/F uUPD Hypermethyl. (C) I:)UPDb ex 9, 1186G > A/D396N The same as allele 1, UPD11pt-11p12 ) None Drash syndrome/No. 327
BWT10R _— UPD Hypermethyl. (C) pUPDb ex 9, 1186G>A/D396N The same as allele 1, UPD11pt-11cen UPD3pter-p2 1.33 Drash syndrome/No. 33°
BWT11L 12 months/Fk UPD Hypermethyl. (C, M) ‘ pUPDb ex 7, 938C>A/S313X The same as allele 1, UPD11pt-11cen None None
BWT11R — UPD Hypermethyl. (C, M) pUPDb ex 7, 938C>A/5313X The same as allele 1, UPD (MLPA) NE None
BWT12R 1.1 months/F UPD Hypermethyl. (M) pUPD ex 6, 818C>G/Y271X The same as allele 1, UPD11pt-11cen None None
BWT13L 12 months/M uPD Hypermethyl. (M) pUPD VS2-1G>A The same as allele 1, UPD11pt-11cen UPD3pt-3p21 None
BWT13R — urPD Hypermethyl. (M) pUPD IVS2-1G>A The same as allele 1, UPD11pt-11p13 - None None
BWT14L - 11 months/F UPD Hypermethyl. M) pUPDb ex 9, 1180C>T/R394W The same as allele 1, UPD11pt-11cen None Drash syndrome
BWT15L 9 months/M UPD Hypermethyl. (C, M) pUPD ex 8, deletion The same as allele 1, UPD1 1pt-11cen None None
BWT15R — UPD Hypermethyl. (C, M) pUPD ex 8, deletion The same as allele 1 (UPD)/1]pt-p13 None None
BWT16L 12 months/M UPD Hypermethyl. (C) pUPD ex 8, 1084C>T/R362X The same as allele 1, UPD11pt-11cen None None
BWT17 12 months/M urD Hypermethyl. (C) pUPD ex 1, 97_98ins5/Q32Rfs59X | The same as allele 1, UPD11pt-11cen Tp-q+ None
BWT18L 11 months/F UPD Hypermethyl. (C, M) pUPDb ex 4, 714G > A/W238X The same as allele 1, UPD11pt-1 1cen None None
BWT18R —_— UPD Hypermethyl. (C, M) pUPD"’ ex 4, 714G > A/W238X The same as allele 1, UPD11pt-11p12 UPD3pt-3p21 None
BWT19R 1 year 2 months/F UPD Hypermethyl. (C, M) pUPDb | ex 4, 682delC/Q228Kfs2X The same as allele 1, UPD11pt-11cen None None
BWT20L 1 year 1 month/F UPD Hypermethyl. (C, M) pUPD ex 9, 1168C>T/R390X The same as allele 1, UPD11pt-11p13 None None
BWT20R —_— uUPD Hypermethyl. (C, M) puPD ex 9, 1168C>T/R390X The same as allele 1, UPD11pt-11cen " None None
BWT21R 10 months/F UPD . N. D. UPD ex 9, 1180C>T/R394W The same as allele 1, UPD (MLPA) NE Drash syndrome
BWT22R 2 years 2 months/M ROH Normal Methyl. (C) ROP Deletion of 3.2Mb IVS6 + 1-IVS6 + 3del3 3p-4q-7p- Hypospadia/cryptorchidism
BWT23L 7 months/F UPD Hypermethyl. (C, M) pUPD ex 9, 1168C>T/R390X° The same as allele 1, UPD11pt-11p12 None - OD, FGS/No. 5%/FWT1
BWT23R — uPD Hypermethyl. (C, M) pUPD ex 9, 1168C>T/R390X*¢ The same as allele 1, UPD11pt-11cen None OD, FGS/No. 5%/FWT1
BWT24R 1 year 8 months/F UPD Hypermethyl. (C, M) pUPD"’ ex 1, 144C > A/Y48X® The same as allele 1, UPD11pt-11cen 7p-7p-q+, 99~ de novo mutation/No. 36*®/DNWT9-2
BMT25L 1 year 7 months/F UPD Hypermethyl. (C, M) pUF'Db ex 9, 1168C>T/R390X*® The same as allele 1, UPD11pt—1 1cen None/FWT2-2
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11p15 H19- IGF2 i
Tumour | Age/sex SNP DMR Status WT1 allele 1 WT1 allele 2 Other CGH changes Anomaly/reference/heredity
BWT26L 7 months/M ROH Normal Methyl. (C) ROl Wild type Wild type UPD1q ‘None
BWT26R — ROH Normal Methyl. (C) ROI Wild type Wild type UPD1q * None
BWT27R 10 months/M UPD Hypermethyl. (C, M) pUPD Wild type Wild type +2,UPD11,+12,+17,+18 PCS syndrome
BWT28L 1 year 1 month/M ROH Hypermethyl. (C) LOI Wild type Wild type Normal None
BWT28R — ROH Hypermethyl. (C) LOI Wild type Wild type +6,+12 None
BWT29 9 months/F ROH Hypermethyl. (C, M) LoP Wild type Wild type 19+ .4p+.+7,7g-UPD8, None
UPD9, +10,+ 12,15+, + 20,
UPD22

BWT30L 1 year 5 months/F UrPD Hypermethyl. (C, M) pUPD® Wild type Wild type +8,+10,UPD11,+12 Coarctation of the aorta
BWT30R ROH Normal Methyl. (C) ROI® Wild type Wild type UPD2,+5,+7,+8, Coarctation of the aorta

-10,+12,4+18
BWT31L 1 year 2 months/F UpPD Hypermethyl. (C) pUPD Wild type Wild type 1q+,+3,+6,+8, None

+9,UPD11pt-11cen,

+12,+13,16q

BWT31R ROH Normal Methyl. (C) ROI Wild type Wild type Normal None

Abbreviations: BWT =bilateral Wilms tumour; C = methylation analysis of CTCFé by COBRA; CGH = comparative genomic hybridisation; COBRA = combined bisulfite restriction assay; DMR = differentially methylated region; ex=exon; F =female; FGS = focal
glomerular sclerosis; FWT1 = familial WT1; LOl=loss of imprinting; M=male; M, methylation analysis of H19-DMR by MS-MLPA; methyl. = methylation; MLPA =multiplex ligation-dependent probe amplification; ; NE=not examined; PB = peripheral blood;
PCS =premature chromatid separation; pUPD =paternal IGF2 UPD; ROH =retention of heterozygosity; ROl =retention of IGF2 imprinting; SNP =single-nucleotide polymorphism; UPD = uniparental disomy; WAGR =Wilms tumour — aniridia — genitourinary

malformation-mental retardation. See Table 3 for FWT1.
@Case numbers reported by Haruta et al, 2008.

P Above pUPD, LOI or ROI indicates that normal methylation pattern at H19-DMR was identified in PB by COBRA.
SGermline origin of the mutation was confirmed.
dCase number reported by Shibata et al, 2002.

®Stage was corrected from | to V in the present Table 1.
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1 year 6 months/F !
UWTG2 1 year 4 months/M | pUPD (C)
UWTG3 12 months/F | pUPD (C)
UWTG4 1 year 9 months/F i pUPD (C)
UWTGS 9 months/F 1l pUPD (C)
UWTGé6 1 year 7 months/F 1 ROH/ROI (C)
UWTG7 5 months/F | ROH/LOI (C)
UWTG8 1 year 3 months/M | ROH/ROI (C)
UWTG9 1 year 3 months/M | ROH/ROI (C)
UWTG10 1 year 3 months/F i ROH/ROI (C)
UWTS1 1 year 5 months/F | pUPD (C)
UWTS2 1 year 4 months/F [\ pUPD (C)
UWTS3 9 months/F | pUPD (C)
UWTS4 9 months/M | pUPD (C)
UWTSS 1 year 3 months/M It pUPD (C)
UWTS6 4 years 8 months/F ] pUPD 11p15 (C)
UWTS7 3 years 5 months/M i ROH/ROI (C)
UWTS8 3 years 1 month/M il ROH/ROI (C)
UWTS9 1 year 11 months/M it ROH/ROI (C)
UWTS10 1 year 3 months/F il Monosomy 11 (C)
UWTS11 1 year 11 months/M ] ROH/ROI (C)
UWTS12 2 years 5 months/M i ROH/ROI (C)
UWTS13 2 years 3 months/M I ROH/ROI (C)
UWTS14 5 years 7 months/F 1l ROH/RO! (C, P)
UWTS15 2 years 7 months/M | ROH/ROI (C
UWTS16 1 year 9 months/M v ROH/ROI (C, P)
UwWTS17 10 months/F | ROH/ROI (C, P)
UWTS18 1 year 7 months/M I ROH/ROI (C)
UWTS19 2 years 4 months/M I ROH/ROI (C)
UWTS20 1 year 6 months/F I pUPD 11p15 (C)

WT1 allele 1

ex 1, 144C>A/Y48X
ex 9, 1168C>T/R390X>
ex 8, 1604G > A/C355Y

ex 3, 665_666delinsT/S222fs299X

ex 2, 549C>T/Q184Xx>
Deletion of 2.4 Mb
Deletion of 6.5 Mb

Deletion spanning exons 1-10

Deletion of 4.4 Mb
Deletion of 14.4 Mb

ex 1, 231_232insC/W78fs53X

ex 8, 1068_1069ins23/F357{s380X
ex 1, 204_206delinsCC/P68fs162X

ex 7, 1021C>T/Q341X
ex 8, 1084C>T/R362X*
Deletion of 3.9 Mb
Deletion of 3.3Mb
Deletion of 1.3Mb
Deletion of 13.1 Mb®
Loss of chromosome 11
Deletion of 1.8 Mb
Deletion of 3.1 Mb
Deletion of 9.1 Mb
Deletion of 21.4Mb
Deletion of 3.5 Mb*¢
Deletion of 4.5 Mb
Deletion of 18.5Mb
Deletion of 2.7 Mb
Deletion of 10.8 Mb*®
Deletion of 2.8 Mb

yndro

The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen)
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
ex 10, 1297-1298insT/R433fsNo-stop
ex 9, 1180C> G/ R394G

ex 4, 721_730del10/M309fs313X

ex 7, 938-939ins8/5313fs380X

ex 7,938C>A/S307X

The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
Deletion spanning exons 3-7
Deletion spanning exons 4-10
Deletion spanning exons 1-10

ex 2, 538_539insTC/K177fs299X
Promoter methylation

Deletion spanning exons 1-5
Deletion spanning exons 6~10
Deletion spanning exons 2-5

ex 7, 895G >T/D299Y

ex 10, 1291_1297delins8/L401fsNo-stop
Deletion spanning exons 2-5

ex 3, 588_590dell/P1971s229X
Deletion spanning exons 1-10

ex 2, 483_484insCA/H162fs229X
Deletion spanning exons 1-10

WTT allele 2

None/de novo mutation (DNWT9-1)
Hypospadia/familial WT (FWT2-1)
Drash syndrome

Hermaphroditism

None/None

WAGR syndrome

WAGR syndrome

WAGR syndrome

WAGR syndrome

WAGR syndrome

None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None
None/None

None/None

with dhiﬁléjt‘éral"Wil‘mé tumours

Malformations/heredity

The present study
The present study
No. 29 (Haruta et al, 2008)
No. 35 (Haruta et al, 2008)
No. 25 (Haruta et al, 2008)
No. 20 (Haruta et al, 2008)
No. 14 (Haruta et al, 2008)
The present study

No. 17 (Haruta et al, 2008)
No. 18 (Haruta et al, 2008)

The present study

No. 34 (Haruta et al, 2008)
No. 27 (Haruta et al, 2008)
No. 28 {Haruta et al, 2008)
The present study

No. 13 (Haruta et al, 2008)
No. 12 (Haruta et al, 2008)
No. 11 (Haruta et al, 2008)
No. 21 (Haruta et al, 2008)
No. 3 (Haruta et al, 2008)
No. 7 (Haruta et al, 2008)
No. 9 (Haruta et al, 2008)
No. 8 (Haruta et al, 2008)
No. 24 (Haruta et al, 2008)
No. 23 (Haruta et al, 2008)
No. é (Haruta et al, 2008)
No. 15 (Haruta et al, 2008)
No. 5 (Haruta et al, 2008)
No. 22 (Haruta et al, 2008)

No. 4 (Haruta et al, 2008)

Abbreviations: C =methylation analysis of CTCF6 at H19-DMR by COBRA; COBRA = combined bisulfite restriction assay; ex:ekcn; F=female; P =allelic expression analysis on the polymorphic site at exon 9 of IGF2; LOI = loss of IkGFZ‘i”mprinting;‘M =male;
pUPD = paternal IGF2 UPD; ROH = retention of heterozygosity on 11p15; ROl = retention of IGF2 imprinting; UPD = uniparental disomy; WAGR = Wilms tumour-aniridia—genitourinary malformation-mental retardation syndrome. See Table 3 for DNWT1-1 = FWT2-1.

®Above UPD indicates that the methylation status of H19-DMR was not examined.
Germline origin of the mutation was confirmed.
“Somatic origin of the mutation was confirmed.
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WT1 abnormality in bilateral Wilms tumour in Japan

tumours were examined by the x> or Fisher’s exact test. P<0.05
(two-sided) was considered statistically significant. The Student’s
t-test or Mann-Whitney test was used to compare mean ages
between patients with WTI-mutant bilateral WT and those with
WTI-mutant sporadic and UWT, between patients with sporadic
and UWT with a small WTI mutation and those with sporadic and
UWT with a large WTTI deletion, or between patients with paternal
inheritance of a small WTI mutation and those with maternal
inheritance of a small WTI mutation.

Bilateral WTI-mutant WTs with or without pUPD on 11p. Of
45 bilateral tumours from 31 patients, 35 tumours from 25 (81%)
patients had WTI abnormalities; 30 tumours from 21 patients
showed small mutations in 1 WTI allele and the same small
mutation in the other WTTI allele, caused by UPD on 11p (Table 1).
One tumour (BWT3R) with deletion flanking exons 1-5 also had
UPD on 11p, and was added to the above 30 tumours because of
the small deletion. Combined bisulfite restriction assay and/or MS-
MLPA identified hypermethylation of H19-DMR, which indicated
the paternal origin of IGE2 UPD in all 31 tumours except 1 whose
tumour DNA was not available (BWT21R). The remaining four
tumours from three patients had large deletions encompassing
WTTI in one WTI allele and a frame-shift or splice-site mutation
(three tumours; BWT2R, 9L and 22R) or a small deletion spanning
exons 4-9 (one tumour; BWT2L) in the other WTI allele. All four
tumours had the retention of heterozygosity (ROH) on 11p, and
had normally methylated CTCF6 at HI9-DMR, indicating
retention of IGF2 imprinting (ROI). The methylation status of
CTCF6 at HI9-DMR in PB was examined in 13 of the 25 patients.
All 13 patients showed the normal methylation in PB, indicating
somatic origin of UPD on 11p15.

WTI-mutant UWTs with or without pUPD on 11p. To compare
WT1 and IGE2 statuses between 35 WTI-mutant bilateral WTs
and 10 WTI-mutant syndromic or familial UWTs or 20 WTI-
mutant sporadic and UWTs, we combined our published and
unpublished data on WTI-mutant WTs and presented them in
Table 2. One (BWT21R) of the 35 WTs and one (UWTGI) of the
10 WTs, in which 11p UPD was identified by SNP array but
methylation status of H19-DMR was not examined, were included
in each group of tumours with small WT'I mutation and pUPD of
IGF2 because all 30 WTI-mutant bilateral WTs with 11p UPD
examined in the present study showed the hypermethylation
indicating paternal 11p UPD, and the previous study indicated loss
of maternal 11p allele in WTs with 11p LOH (Schroeder et al,
1987). Of the 10 patients, 5 (UWTGI-5) had small homozygous
WT1 mutations and pUPD on 1lp, whereas 5 (UWTG6-10)
associated with WAGR syndrome had large deletions in 1 WTI
allele and small mutations in the other WTTI allele with IGF2 ROH/
ROI in the tumours (Table 2). Of the 20 patients, 5 (UWTS1-5)
had small homozygous WTI mutations and pUPD on whole 11p
in the tumours, whereas none of the remaining 15 (UWTS6-15)
had the small WT1 mutations and pUPD on 11p; 12 had IGF2
ROI, 2 had pUPD limited to the 11pl5 region and 1 had
monosomy 11 of paternal origin in the tumours (Table 2). Thus, a
homozygous WTI mutation with pUPD on 11p was more frequent
in 35 WTI-mutant bilateral WTs than in 10 WTI-mutant
syndromic or familial UWTs (P=0.017) or 20 WTI-mutant
sporadic and UWTs (P=3.0E — 06).

When we analysed the 3 groups of patients with WTI-mutant
WTs, the mean age of 25 patients with bilateral WT was 12.4
months, that of 10 patients with syndromic or familial and UWT
was 14.3 months and that of 20 patients with sporadic UWT was
25.6 months. The 25 and 10 patients were younger than the

20 patients, respectively (P=0.001 and P=0.006), whereas no
difference in age was found between the 25 and 10 patients
(P=0.286). When we selected the 20 patients with sporadic and
UWTs, the mean age of 5 patients with homozygous WTI
mutations and paternal 11p UPD was 13.2 months and that of
15 patients with large deletions encompassing WTI with or
without pUPD limited to the 11pl5 region in the tumours was
29.7 months. The 5 patients with homozygous WTI1 mutations and
pUPD on 11p were younger than the 15 patients with large 11p13
deletions (P =0.002).

WT1-wild-type bilateral WTs and the IGF2 status. Ten bilateral
tumours from six patients had wild-type WTI; six tumours had
+12,and 2 had 1q+, +6, +8. or pUPD of whole chromosome
11 and one had pUPD of 11p (Table 1). None of the six patients
showed characteristics of BWS. Single-nucleotide polymorphisms
analysis and COBRA of CTCF6 at HI9-DMR and/or MS-MLPA
revealed pUPD on 11p or whole chromosome 11 in three tumours,
ROI of IGF2 in four and LOI of IGF2 in three (Table 1). Of three
tumours with pUPD on 11lp or whole chromosome 11, the
corresponding PB showed normal methylation at HI9-DMR in
one (BWT30L) and was not available in two; in one of the two, the
contralateral tumour had ROH/ROI (BWT3IR), denying the
constitutional 11p15 UPD (BWT31L). Of three tumours with LOI
of IGF2, the corresponding PB showed normal methylation at H19-
DMR in one (BWT29) and was not available in two bilateral WTs
(BWT28L, 28R) from one patient, not denying the possibility of
constitutional hypermethylation of maternal H19-DMR (Table 1).

Of 27 tumours, whose methylation status at IC2 was examined
by MS-MLPA, 26 and 1 showed hypomethylation and normal
methylation, respectively; the results were consistent with pUPD
and LOI of 11pl15, respectively.

Histology of bilateral and FWTs. Of 29 WTI-mutant bilateral
WTs, which were available for pathological review, 25 and 4 tissue
specimens were obtained before and after chemotherapy, respec-
tively. Of the 25 tumours, 12 were classified as the mesenchymal
type; 4 and 2 of the 12 also had intra-lobar nephrogenic rests
(ILNR) and foetal rhabdomyomatous nephroblastoma, respec-
tively, 11 were classified as the mixed type; 1 also had ILNR, 1 was
classified as nephroblastoma with ILNR and 1 was classified as
ILNR only. Of 4 specimens obtained after chemotherapy, 3 were
classified as the mesenchymal type; one also had ILNR, and one as
nephroblastoma with ILNR.

Of seven WT1-wild-type bilateral WT's from six patients, which
were available for pathological review, five and two specimens were
obtained before and after chemotherapy, respectively. Of the five
tumours, two (BWT28, and 29) were classified as the epithelial
type, two (BWT26 and 30) as the mixed type and one (BWT27) as
the mesenchymal type. While the mesenchymal and mixed types
were found in both WTI-mutant and WTI-wild-type bilateral
WTs, the epithelial type was only found in WT1-wild-type bilateral
WTs. Two specimens obtained after chemotherapy showed either
the mixed or mesenchymal type. None of the tumour specimens
from 31 patients exhibited features of focal or diffuse anaplasia.

The penetrance rates of WTs with inherited or DNWTI
abnormalities, classified according to parental inheritance and
WTI1 abnormality types. We summarised 22 children from
14 families who inherited WTI mutation/deletion from their
mothers or fathers, and 8 children who had de novo large deletion
encompassing WT1 of known parental germ cell origin from the
present study and literatures listed in PubMed. The 22 individuals
included 3 patients with WTs (FWT4-1, 4-3 and FWTI12-1;
Figure 1, Table 3); although molecular analyses have not been done
in their PB and tumour samples, the pedigrees showed that the
3 patients who developed WT were thought to inherit WTI
mutations/deletions from their father or mother.
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Figure 1. Pedigrees of patients with WTs with small WT1 germline mutations inherited from fathers (FWT1-6) and mothers (FWT7-10), and those

of patients with large 11p13 deletions encompassing WTT inherited f

rom fathers (FWT11) or mothers (FWT12-14). DNWT1-8 indicates eight

families having the de novo deletion of paternal or maternal germ cell origin. Open boxes and circles containing a small circle indicate males and
females, respectively, with germinal WT1 mutations who did not develop WT. Filled boxes and circles indicate males and females, respectively,
who developed WT. WT6-2 was excluded from the penetrance analysis because of the reason described in the text (Fencl et al, 2012). Open boxes
and circles with an upright triangle indicate males and females, respec‘tlvely, with a balanced chromosomal insertion involving the 11p13 band.
Open boxes with an inverted triangle indicate males with the deletion who did not develop WT. Oblongs and ovals indicate paternal and maternal

germ cells, respectively. Filled and open diamonds indicate males and

females, who developed and did not develop WT, respectively.

Abbreviations: AN = aniridia; CNS = congenital nephrotic syndrome; FGS = focal glomerular sclerosis; GU = genitourinary malformation;
MR = mental retardation; NE =not examined; renal F=renal failure; SM = small mutation; SHM =small homozygous mutation; wt=wild type.

Identical twins (DNWT9-1, 2) in this study shared the same
nonsense mutation in PB and tumour samples (Table 3). Because
their parents had no WTI mutation in PB, SNP array analysis was
performed on 10 polymorphic markers around WTI to identify the
parental origin of the DNWTI mutation using PB from the parents
and twins as well as tumour samples. Because the maternally
derived loci identified by SNP markers (SNP A 1946935, 2241668,
4231943 and seven others) were lost in the tumour with UPD on
11p, the paternal germ cell origin of the mutation was determined
(Table 3). In addition, two patients (DNW'T10, 11) were reported
to have small homozygous WTI mutations of paternal germ cell
origin in tumours (Nordenskjold et al, 1994). These four patients
with small DNWTI mutations of paternal germ cell origin
(DNWT9-1, 9-2, 10 and 11) were excluded from the penetrance
analysis, because unaffected carriers with small DNWTI mutations
could not be evaluated. In contrast, eight children with large de
novo 11p13 deletions (DNWT1-8) were included in the analysis as
carriers without development of WT could be evaluated (Flgmre 1;
Huff et al, 1990).

All nine patients who inherited a small WTI mutation from
their fathers developed WT; a girl (FWT6-2) was excluded from
the penetrance analysis because she died of renal failure at the age
of 23 weeks before the possible development of WT (Pelletier ef al,
1991; Kaplinsky et al, 1996; Jeanpierre et al, 1998; Shibata et al,
2002; Fendl et al, 2012). Of nine WTs with the paternal inheritance
of WT1 mutation, four tumours [FWT1 (BWT23L, 23R), 2-1, 2-2]
in this study showed homozygous WTI mutations and pUPD on
11p, and two (FWTS3, 4-2) showed homozygous WT1 mutations,
suggesting that the six tumours may have had the same WTI and
IGF2 abnormalities (Figure 1 and Table 3).

Of 6 individuals who inherited small WT1 mutations from their
mothers, 4 developed WT; in addition to the small germline
mutation in 1 allele 1 had a 26 base-pair deletion that differed from
the first mutation (FWT7-1), 1 had a large 11p13 deletion (FWT7-2),
1 had a wild-type WTI (FWT10) in the other allele in their
tumours and the WTI status in the tumour was not examined in
the last patient (FWT8-1; Pritchard-Jones et al, 2000; Zirn et al,
2005; Regev et al, 2008; Melchionda et al, 2013). Thus, all three
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Tumour

FWT1

FWT2-1
FWT2-2
FWT3
FWT4-1
FWT4-2
FWT4-3
FWTS
FWT6-1
FWT6-22

FWT7-2
FWT8-1
FWT8-2
FWT9
FWT10

F11-1
F11-2
FWT12-1
FWT12-2
FWT13-1
FWT13-2
FWT14

DNWT2
DNWT3
DNWT4
DNWTS5
SNWT6
DNWT7

DNWT9-1
DNWT9-2

DNWT10
DNWT11

Age/sex IGF2
7 months/F pUPD (C, M)
1 year 4 months/M pUPD (C)
1 year 7 months/F pUPD (C)
3 years/M NE
<12 months/F NE
4 months/F NE
6 months/F NE
1 year 4 months/F NE
1 year 1 month/F NE
5 months NR

years/F NE

4 years/M NE

9 years/F NE

17 years/M NR

6 years/M NR

1 year 11 months/M NE

2 years/F NE

4 years/M NR

1 year 11 months/M NE
1 year 3 months/M NE
17 years/M NR

6 months/M NE

NI NE

1 year 6 months/F UPD!

1 year 8 months/F pUPD (C, M)
NI LOH on 11p15
NI LOH on 11p15

WT1 allele 1

ex 9, 1168C>T/R390X
ex 9, 1168C>T/R390X
ex 9, 1168C>T/R390X
ex 6, B47delG/H291fs306X
NE
ex 8, 1084C> G/R302X
NE
ex 3, S223N
ex 8, R366P
ex 8, R366P

ex 7, del7bp/H 53
ex 7, del7bp/H319fs377X
ex 10, 1730A> G/X450W
ex 10, 1730 A>G/X450W
ex 1, 328C>A/Y109X
ex 7, 983delC/P328{s380X

del(1(p13p13)
del(11)(p13p13)
NE

del(11)(p13p14;
del(11)(p12p14
del(11)(p12p14
del(11)(p12p14

el(11)(p13p14.
del(11)(p13p13)
del(11)p11.2p14.1)
del(11)(p13.4p14.3)
del(11)(p12p15.1)
del(11)(p12p15)
del(11)(p12p15.1)
del(11)(p13p14.1)

)

ex 1, 144C>A/Y48X
ex 1, 144C>A/Y48X
ex 8, H377R
ex 9, D396N

WT1 allele 2

The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
LOH at WT1 sequences
NE
LOH at WT1 sequences

ex 7, p deletion
del(11)(p13p13)
NE

The same as allele 1, UPD11pt-11cen
The same as allele 1, UPD11pt-11cen
LOH on 11p13
LOH on 11p13

Malformations/
laterality

Heredity

OD, FGS/BWT Father had a WT1 mutation and a history of WT
GU/UWT Father had a WT1 mutation and no history of WT
None/BWT Father had a WT1 mutation and no history of WT
None/UWT Father had a WT1 mutation and a history of WT
None/UWT Father had a WT1 mutation and no history of WT
None/BWT Father had a WT1 mutation and no history of WT
None/WT Father had a WT1 mutation and no history of WT
None/UWT Father had a WT1 mutation and no history of WT
CNS/UWT Father had a WT1 mutation and no history of WT
CNS Father had a WT1 mutation and no history of WT

one,

None/UWT M
Renal failure/UWT M
None M

other had a WT1 mutation and no history of WT
other had a WT1 mutation and no history of WT
other had a WT1 mutation and no history of WT
other had a WT1 mutation and no history of WT

GU Mother had a WTT mutation and a history of WT

AN, GU, MRAUWT
AN, GU
AN/WT

AN, GU/BWT
MR
GU/UWT
AN, GU/UWT

None//UWT
None//BWT
Drash syndrome/UWT
Drash syndrome/UWT

Mother had a WTT mutation and a history of WT

Father had ins(14;11)(g23;p12p14)
Father had ins(14;11)(g23;p12p14)
Mother had ins(2;11)(q23;p12p14)
Mother had ins(2;11)(g23;p12p14)
Mother had ins(16;11)(p13;p12p14)
Mother had ins(16;11)(p13;p12p14)
Mother had ins(12;11)(p12;p12p14.2)

de novo deletion of paternal germ cell origin
de novo deletion of paternal germ cell origin
de novo deletion of maternal germ cell origin
de novo deletion of paternal germ cell origin
de novo deletion of paternal germ cell origin
de novo deletion of paternal germ cell origin
de novo deletion of paternal germ cell origin
de novo deletion of paternal germ cell origin

de novo mutation of paternal germ cell origin
de novo mutation of paternal germ cell origin
de novo mutation of paternal germ cell origin
de novo mutation of paternal germ cell origin

References

Present study (BWT23)
Present study (UWTG2)
Present study (BWT25)
Pelletier et al, 1991
Kaplinsky et al, 1996
Kaplinsky et al, 1996
Kaplinsky et al, 1996
Jeanpierre et al, 1998
Fencl et al, 2012
Fencl et al, 2012

ritchard-Jones et al, 2000
Pritchard-Jones et al, 2000
Zim et al, 2005
Zim et al, 2005
Regev et al, 2008
Melchionda et al, 2013

Lavedan et al, 1989
Lavedan et al, 1989
Yunis and Ramsay, 1980
Yunis and Ramsay, 1980
Kousseff and Agatucci, 1981
Kousseff and Agatucci, 1981
Nakagome et al, 1984

Huff et al, 1990
Huff et al, 1990
Huff et al, 1990
Huff et al, 1990
Huff et al, 1990
Huff et al, 1990
Huff et al, 1990
Huff et al, 1990

Present study (UWTG1)
No. 36 (Haruta et al, 2008)/BWT24
Nordenskjold et al, 1994
Nordenskjold et al, 1994

UPD = uniparental disomy; UWT = unilateral WT; WT = Wilms tumour.
BFWT6-2 was excluded from the penetrance analysis because of the reason described in the text.

B Above UPD indicates that the methylation status of H19-DMR was not examined.

Abbreviations: AN = aniridia; BWT =bilateral WT; C=methylation analysis of CTCFé by COBRA; CNS = congenital nephrotic syndrome; COBRA = combined bisulfite restriction assay; ex =exon; F=female; FGS =focal glomerular sclerosis; FWT = familial WT;
GU = genitourinary malformation; LOH = loss of heterogeneity; M = male; M = methylation analysis of H19-DMR by MS-MLPA; MR =mental retardation; Ni=not informative; NR =not relevant, NE =not examined; OD = ovarial dysgenesis; pUPD = paternal UPD;
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patients who inherited the WTI mutation from their mothers and
whose WTI status in tumours were examined were not likely to
have UPD on 1lp in their tumours (Figure 1 and Table 3). The
mean ages at diagnosis were 14.2 months for the nine patients with
the paternal inheritance and 55.3 months for the four patients with
the maternal inheritance; the mean age of the nine patients who
inherited the mutations from their fathers was younger than that of
the four patients who inherited the mutations from their mothers
(P=0.011 by Mann-Whitney test).

Fifteen individuals from 12 families were shown to have
inherited (FWT11-14) or de novo large 11pl3 deletions (DNWT1-8)
of paternal or maternal origin (Figure 1 and Table 3; Yunis and
Ramsay, 1980; Kousseff and Agatucci, 1981; Nakagome et al, 1984;
Lavedan et al, 1989; Huff et al, 1990; Nordenskjold et al, 1994). All
four parents who transmitted large 11p13 deletions had balanced
chromosomal insertions involving the 11p13 band. Ten patients
developed WTs, on which sequencing analysis of WT1 was not
conducted to identify the status of the other WTI allele in the
tumours. Thus, the penetrance rate was 100% (9/9) for individuals
who inherited small WTI mutations from their fathers, and was
67% (14/21) for individuals who inherited small WTI mutations
from their mothers or large 11p13 deletions or had de novo large
11p13 deletions irrespective of the parental origin. Thus, the
9 individuals were more likely to develop WT than the 21 individuals
(P=0.057).

The incidence of WTI abnormalities in the bilateral WTs of
Japanese children was 81%, and this incidence was markedly
higher than those reported in American, UK and Australian
children (the mean percentage of three series, 32%; P=9.4E — 05;
Table 4; Huff, 1998; Scott et al, 2012; Hu et al, 2013). The present
series included 31 patients and 45 bilateral WTs, and the UK series
included 11 patients and 11 bilateral WTs; the statuses of WT1I and
11p15 were precisely examined in 44 of the 45 and all 11 tumours
(Table 4; Scott et al, 2012). The incidence of WT1 abnormality is
more frequent in Japanese tumours than in British tumours;
however, if we consider that the incidence of WT among Japanese
is half of that in Caucasians, the population-based rate of bilateral
WT with WTI abnormality may be similar between the two
populations (Figure 2). Diller ef al (1998) found constitutional
WT1 abnormalities in 8 of 157 (5%) American children with a
history of WT. Likewise, Little et al (2004) found constitutional
WTI1 abnormalities in 6 (2%) of 282 British children with non-
syndromic WT. Unfortunately, no studies on constitutional WT1I
abnormalities have been performed in Japanese children with WT
that precluded the comparison of the incidence of constitutional
WTI abnormalities between the two ethnic populations.

In contrast to the equivocal findings in the incidence of WTI
abnormality, that of IGF2 LOI was clearly higher in British
children with WTI-wild-type or WTI-wild-type plus WT1-mutant
bilateral WT than Japanese counterparts (Table 4 and Figure 2;
Scott et al, 2012). Thus, it is clear that the incidence of IGF2 LOI in
Caucasian bilateral WTs is higher than that in Japanese counter-
parts, and that the incidence of WT1 wild-type was low in Japanese
bilateral WTs. '

The incidence rates of WT are known to vary, being markedly
lower in East Asian children than in their Caucasian counterparts
(Parkin et al, 1988). We previously reported that if only sporadic
WTs were included, the frequencies of WT with WTI abnormality
were similar between East-Asian and Caucasian populations
(Haruta et al, 2012). Furthermore, we reported a lower incidence
of WT with IGF2 LOI in Japanese children than in American
children (P=0.041), and we and others proposed that the lower
incidence of IGEF2 LOI may be one of the reasons for the lower
incidence of WT in Japan (Fukuzawa et al, 2004; Haruta et al,
2012). Contrary to the equivocal findings in the incidences of WT1
abnormality in sporadic or bilateral WTs between the two
populations, the difference in the incidence of IGF2 LOI in
bilateral WTs is clear (P=0.036); the relationship is comparative
to that of IGF2 LOI in sporadic WTs between the two populations.
Beckwith-Wiedemann syndrome is an imprinting-related growth
disorder. Five to 10% of patients with BWS have methylation of
HI9-DMR on both parental chromosomes, resulting in IGF2 LOI
(Cerrato et al, 2008). Interestingly, Japanese patients with BWS
were shown to have a significantly lower frequency of HI9-DMR
hypermethylation than North American and European patients,
whereas the incidences of pUPD on 11pl5 were comparable,
suggesting that susceptibility to epigenetic alterations differs
between the two populations (Sasaki et al, 2007). The constitu-
tional 11p15 abnormalities in patients with WT were reported
from UK and Netherlands. The UK series included 437 patients
with non-syndromic WT and found 11pl5 abnormalities in
13 (3%) patients; of the 13 patients 4 had bilateral WT and 6
had hypermethylation of HI9-DMR (Scott et al, 2008).
The Netherlands series included 109 patients with syndromic or
non-syndromic WTs and found 8 (7.3%) children with 11p15
abnormalities; of the 8 patients 3 had bilateral WT, 4 had BWS and
3 had hypermethylation of HI9-DMR (Segers et al, 2012). Of 13
patients whose methylation status of HI9-DMR in PB was
examined in the present series, all including 1 (BWT29) with
IGF2 LOI in the tumour showed the normal methylation pattern.
Thus, the involvement of the constitutional IGF2 LOI in Japanese
bilateral WTs could not be identified. The same decreased
susceptibility to the epigenetic change reported in BWS may have
also caused the decreased incidence of bilateral WTs with IGF2
LOI (Sasaki et al, 2007). The study for constitutional 11pl5
abnormalities in Japanese WTs is needed to prove the hypothesis.

WT1 abn+wt | pUPD | ROI | LOl | WTT abn | pUPD | ROl | LOI | WTT wi | pUPD | ROI |LOI
A. Japan (the present study) 45% (31) 34° 8 3 357 (25) 312 4 0 10 (6) 3 4 3
B. UK (Scott et al, 2012) 11 5 0 6 4 4 0 0 7 1 0 6
Constitutional defect-associated 5 5 0 0 4 4 0 0 1 1 0 0
Sporadic 6 0 0 6 0 0 0 0 6 0 0 6
C. USA (Huff, 1998) 15 NE NE NE 4 NE NE NE 11 NE NE | NE
D. Australia (Hu et al, 2013) 8 NE NE NE 3 NE NE NE 5 NE NE | NE

type): A versus B P=0.036.

Abbreviations: abn =abnormality; LOl=loss of IGF2 imprinting; NE=not examined; pUPD =
polymorphisms; wt=wild type. Numbers indicate numbers of tumours, and those in parentheses indicate numbers of patients in the Japanese series. Numbers in other series indicate both
patient and tumour numbers. WTT abnormality and WT1 wild type (patients): A versus B P=0.011; A versus B+ C+ D P=9.4E - 05. WT1 abnormality and WT1 wild type (tumours): A versus B
P=0.012; Aversus B+ C+ D P=5.1E — 05. LOIl and UPD + ROI (tumours with WT1 abnormality and those with WT1 wild type): A versus B P=0.001. LOIl and UPD + ROI (tumours with WT71 wild

ZInclude one tumour (BWT21R) in which UPD was detected by SNP array analysis but methylation status at H19-DMR was not examined.

paternal uniparental disomy; ROl=retention of IGF2 imprinting; SNP =single-nucleotide
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The present study included six patients having bilateral WTs
with wild-type WTI, and one of them had PCS syndrome, which
was caused by a BUBIB mutation and known to be associated with

WT1, wild-type
British (n=7) |

1GF2-LOI (86%) i;epz.mm l

(14%)

Japanese (n=1 o)l IGF2-LOI i IGF2-n0 LOI (70%) i
(30%)

WT1, mutant + wild-type

British (1=11) | WTmutant(@%) | W1 wid-type, IGF2-LOI (55%) [
1
; " o
Japanese (n=45)[ WT1 mutant (78%) { i |<"" g’e—ﬁg{gﬁs%) g;;-:gdLgf?%)
A

i
wT1 wi1d~type,iIGF2-LOl (7%)

|

50% 100%

I |
50% 100%

Figure 2. Abnormalities of the WTT and IGF2-LOI in bilateral WTs in
Japanese (the present series) and British children (Scott et al, 2012).
The bar length for Japanese is half of that for Caucasians because the
incidence rate for Japanese is half of that for Caucasians.

WT1 mutations
from their fathers
or had de novo
WT1 mutations of
paternal origin

11p of

Paternal

Children inherited
WTT deletions from
their fathers or had

de novo WTT deletions
of paternal origin

11p of
tumours

1GF2
WTT1 %%
Paternal 21 Maternal
Children inherited 11p of fathers Children inherited

or mothers with
WT1 mutations

11p of fathers
or mothers with
balanced insertions

a predisposition to WT (Matsuura et al, 2006). The FWT genes,
FWTI and FWT2, were located at 17q21 and 19q13, respectively,
and the lack of a linkage to these loci in some WT families was
reported previously and indicated the existence of additional FWT
genes (Ruteshouser and Huff, 2004). Very recently, Hanks et al
(2014) identified germline mutation of the CTR9 gene in 3 of
35 WT families using an exome and sequencing analysis and
proposed it as a new WT predisposing gene . These genes may be
candidates for germline mutations in the other five patients with
WTI-wild-type bilateral WTs in the present series.

A previous study showed that the WTI mutations observed in
bilateral WT were of germline origin (Huff, 1998). Another study
reviewed WTI germline mutations in 117 patients with WTs
(Royer-Pokora et al, 2004). Of the 117 patients, 44 had bilateral
WT, indicating that a large proportion of germline WT1 mutations
are associated with bilateral WT, although the inheritance is not
known in all patients. The present study included 25 patients with
WTI-mutant bilateral WTs, and the status of WT1I in PB was only
examined in 3 patients and 6 parents from 3 families; 2 were shown
to have inherited the mutation from their father with or without a
past history of WT and 1 was identified to have a DNWTI
mutation of paternal germ cell origin. Thus, mutation analyses of

WT1 mutations
from their mothers

11p of
tumours

Maternal

Children inherited

WT1 deletions from
their mothers or had
de novo WTT deletions
of maternal origin

11p of
tumours

Figure 3. Parental inheritance of small WT1 mutations and large 11p13 deletion and a model of Wilms tumorigenesis. Black and white circles in
terminal 11p represent methylated and unmethylated statuses, respectively, at CTCF6 in the IGF2-H19 region. Blue arrows indicate the expression
of IGF2. x and star in the 11p13 region indicate the first and second WT1 mutations, respectively. Solid and broken arrows in the 11p13 region
indicate normal and abnormal WT1 expression, respectively. Parents had balanced insertions involving the 11p13 band (H). A gap in the 11p

chromatid {I and L) indicates a large deletion encompassing WT1, and X in the 11p13 region indicates the second WT1 mutations (K and N).

Explanation for panels A-G, J, and M is described in the discussion.
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WTI in the PB of patients and their parents are needed to
determine whether the mutation is inherited from the parents or
occurred de novo.

A previous study examined the parental origin of de novo RBI
mutations, and found the paternal origin of the mutation in all
patients (Dryja ‘et al, 1989). Regarding DNWTI alterations, we
and other researchers found the paternal germ cell origin of the
small mutation in four patients and that of the large deletion in
seven patients and the maternal germ cell origin of the large
deletion in one patient (Huff et al, 1990; Nordenskjold et al,
1994). No studies have reported the maternal germ cell origin of
de novo small WT1 mutations. In a review on human germinal
mutations, Crow (2000) described that.one marked difference
between the human male and female was that there are many
more germline cell divisions in the life history of a sperm than
that of an egg. In WTs with homozygous WTI mutations and
paternal IGF2 UPD, the IGF2 alteration is thought to be the
second genetic event subsequent to the WT1I alteration that has
been shown to occur in the paternal WTI allele. The result that
pUPD on 11p was found in the great majority of bilateral WTs in
the present study further supports the paternal germ cell origin of
de novo small WT1 mutations.

We summarised the data of all 30 children from 22 families w1th
hereditary WT, whose inheritance of the WTI alteration was
described in the present and previous studies (Table 3; Yunis and
Ramsay, 1980; Kousseff and Agatucci, 1981; Nakagome et al, 1984;
Lavedan et al, 1989; Pelletier et al, 1991; Kaplinsky et al, 1996;
Jeanpierre et al, 1998; Pritchard-Jones et al, 2000; Shibata et al, 2002;
Zirn et al, 2005; Regev et al, 2008; Fencl et al, 2012; Melchionda et al,
2013). We classified 30 children into 3 groups based on parental
inheritance of the germline mutation and types of WTI abnormality,
and found that children who inherited small WTI mutations from
their father were more likely to have the higher penetrance rate than
those who inherited small WTI mutations from their mothers or
inherited the large deletions or had the de novo large deletions
irrespective of parental origin (P = 0.057; Figure 1). Why do parental
inheritance and WTI abnormality types affect the penetrance rate?
Most parents had DNWTI mutations of paternal germ cell origin, as
shown in (Figure 3A). Children who had a small WTI mutation of
paternal germ cell origin easily developed WT because pUPD on 11p
resulted in homozygous WTI mutations and simultaneous over-
expression of IGF2 (Figure 3B and C). Children less frequently
developed WT by the second mutation in the maternally derived
WTI allele because this tumorigenic pathway needs additional
genetic and/or epigenetic events (Figure 3D). In contrast, WTs
developed in children who inherited the small mutation from their
mothers could not take advantage of simultaneous alterations in
WT1 and IGF2 because maternally derived IGF2 is imprinted and
repressed (Figure 3E and F). Children who inherited the small
mutations from their mothers could develop WT if an independent
WT1 mutation occurred in the paternally derived WTI allele, which
resides on the same 11p expressing IGF2; expression even from one
IGF2 allele may be important for the development of embryonic
tumours (Figure 3G).

Regarding the large 11p13 deletion, children who inherited the
large deletions or had the de novo large deletions could develop
WT if an independent WT1 mutation occurred in the paternally or
maternally derived WTT allele (Figure 3K and N). However, large
homozygous deletions in the 11p13 chromosomal region caused by
UPD on 11p were unlikely to occur in a nephroblast, because of
disadvantage for survival with the loss of a large number of genes
(Figure 3] and M). In fact, seven tumours developed in patients
with WAGR syndrome, in which both WTI and IGEF2 statuses
were examined, showed large 11p13 deletions in one WTI allele
and small mutations in the other allele and ROH on 11pter-11p13
(BWT2L, BWT2R and UWTG6-10; Tables 1 and 2). Furthermore,
the patients inherited the small mutations from their fathers were

younger than those who inherited the small mutations from their
mothers, and the patients with a sporadic and UWT with small
homozygous: WT1 mutations and pUPD of IGE2 were younger
than those with a sporadic and UWT with the large deletion. These
findings indicate that a small WT'I mutation with pUPD on 11p is
the most efficient mechanism for WT development.

The present result on the WTI and IGF2 statuses in bilateral
and FWT led to the hypothesis that individuals who inherited
small WTI mutations from their fathers may be more likely to
develop WT than those who inherited the small mutations from
their mothers or inherited large 11p13 deletions or had the de novo
large deletions irrespective of parental origin. It is obvious that
genetic and epigenetic studies in a large number of WT families
with WTI mutations are needed to confirm the hypothesis. We
believe that if confirmed the present findings are useful for the
genetic counselling of individuals, including WT survivors, who
may inherit WT1 mutations.
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Abstract

Purpose In the recent years in Japan, an increasing
number of patients with neuroblastoma (NB) are being
treated by the “delayed local treatment (DL)” policy,
undergoing surgery after the completion of high-dose
chemotherapy with hematopoietic stem cell rescue (HDC).
We reviewed the histopathological findings of second-look
operations, including those of patients treated with DL.
Patients From 1998 to 2013, 26 patients with high-risk
NB underwent radical operation following chemotherapy.
Surgery was performed after induction chemotherapy in 17
cases (standard; STD), whereas 9 cases completed induc-
tion chemotherapy and HDC before undergoing tumor
resection (DL). The amount of necrosis and the degree of
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differentiation within the post-treatment tumor were
assessed.

Results Eighty-eight percent of the tumors showed
necrosis in more than 1/3 of the specimen. Two DL cases
showed complete disappearance of viable tumor cells.
Amount of necrosis did not affect the prognosis of the
patient. Tumors with immature, poorly differentiated phe-
notypes showed an extremely aggressive thereafter.
Though not statistically proven, '**I-MIBG (metaiodob-
enzylguanidine) uptake may be correlated with the amount
of viable cells remaining within the tumor, but not with the
degree of differentiation.

Conclusions Our results support the previous reports
advocating that tumors that sustain unfavorable histology
after chemotherapy behave aggressively thereafter.

Keywords Neuroblastoma - Histology - Chemotherapy -
Differentiation

Introduction

Neuroblastoma (NB) is the most frequent extracranial solid
tumor in childhood and originates from the sympathoad-
renal lineage derived from the neural crest [1]. Despite the
development of multimodal treatment including induction
chemotherapy, surgical resection, high-dose chemotherapy
with hematopoietic stem cell rescue (HDC), and radio-
therapy, the outcome of patients with advanced NB
remains poor [2, 3].

A series of clinical and biologic prognostic markers has
been adopted for risk stratification of NB, and patients are
generally treated following the risk-adapted therapeutic
strategy. Tumor histology classification at diagnosis using
the international neuroblastoma pathology classification
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(INPC) [4, 5] is the mainstay of stratification, along with
age [6], MYCN status [7], clinical stage by international
neuroblastoma staging system (INSS) [8] and DNA index
[9]. INPC categorizes the patients based on the patholog-

ical findings into favorable histology (FH) group and

unfavorable histology (UH) group by applying the concept

of age-dependent (age-appropriate) normal ranges of

morphologic features. In addition to this, the classification
itself regardless of age is shown to serve as a powerful tool
for independently predicting the prognosis of the patient
[10]. However, contrarily to the-significant influence of
pretreatment histological features in the treatment of NB,
little has been discussed on the histology of post-treatment
tumors [11-14].

In the recent decade in Japan, a unique treatment strat-
egy following the “delayed local treatment” concept has
been carried out as pilot studies in many institutions.
Aiming to intensify the “dose per period” of the systemic
chemotherapy regimen, the local therapy including second-
look surgery and local radiotherapy is postponed until the
completion of systemic chemotherapy, including HDC
[15]. We have adopted this strategy as well, and found that
most of the tumors remain viable at the time of surgery,
leaving radiotherapy as the only postoperative treatment.
This fact motivated us-to investigate the post-treatment
histological status within the primary tumors and its rele-
vance to the outcome of the patient. Thus, we conducted
this retrospective study including high-risk NB cases that
were treated in the recent 15 years, in which patients were
treated with similar induction chemotherapy protocols. The
cohort included cases that underwent tumor resection at the
conventional timing (after induction chemotherapy), or
after the completion of HDC, to enable comparison of the
different timings of surgery and the histological findings.

1231_metaiodobenzylguanidine (MIBG) scintigraphies
are not only valuable as a diagnostic tool [16], but also are
currently implicated in the response evaluation during the
treatment courses [17]. It has been reported that aggressive
tumors with immature phenotype and high mitosis rate
show increased '**I-MIBG uptake in untreated NB tumors
[18]. However, little is known about 1231 MIBG uptake
within primary tumors after chemotherapy and its corre-
lation with the histological features of the tumor. In this
retrospective study, we also assessed the relevance of '*I-
MIBG uptake prior to the radical resection of the tumor and
the post-treatment histological features.

Materials and methods
Medical records of patients with high-risk NB treated with

preoperative chemotherapy followed by elective surgery in
two local pediatric oncology centers within the period from

@ Springer

January 1998 to December 2013 were reviewed. Criteria of
entry for this retrospective review were 1 year or older
with either stage 4 disease or stage 3 with MYCN ampli-
fication, or under 1 year with stage 4 disease with MYCN
amplification. A total of 26 cases met these criteria. There
were eight boys and 18 girls. Median age at diagnosis was
39 months (ranging from eight to 124 months; one was
under 1 year of age and the others were over one). Stage of
disease (international NB staging system; INSS) was stage
3 in two patients, and stage 4 in 24 patients. The site of the
original tumor was abdominal in 23 cases and mediastinal
in three. All patients were initially treated with a multi-
agent protocol regimen including cyclophosphamide, vin-
cristine, pirarubicin and cisplatin. Radical resection of the
primary tumor was performed in between courses of
induction chemotherapy in 17 cases (standard group; STD).
In 9 cases, surgery was postponed until after the comple-
tion of the entire chemotherapy regimen, including HDC
(delayed local therapy group; DL). This retrospective
analysis was approved by the Institutional Review Boards
of the two participating institutions.

We reviewed hematoxylin—eosin-stained histologic
slides of both the biopsied specimens before treatment and
the post-treatment tumors for the study patients. Biopsied
specimens before treatment were evaluated and classified
by the international neuroblastoma pathology classification
(INPC) [4, 5]. Briefly, tumors were divided into four major
categories, i.e., (1) NB (schwannian stroma-poor), (2)
Ganglioneuroblastoma (GNB), intermixed (schwannian
stroma-rich), (3) ganglioneuroma (GN) (Schwannian
stroma-dominant), and (4) GNB nodular (composite sch-
wannian stroma-rich/stroma-dominant and stroma-poor).
NB was further subdivided into undifferentiated NB,
poorly differentiated NB, and differentiating NB, and GN
was subdivided into GN maturing and GN mature [4].

Using the post-treatment tumor specimen, the effect of
chemotherapy was evaluated in two measures: (1) amount
of necrosis (including granulation tissue and fibrosis)
within the entire tumor sample (2) maturation of viable
neuroblasts and surrounding stroma. The amount of
necrosis was quantified using the Histologic Criteria for
Effectiveness of Treatment in Pediatric Solid Tumors
(established by the Committee on Histological Classifica-
tion of Childhood Tumors, The Japanese Society of
Pathology). In the criteria, the effect of treatment is clas-
sified into four grades according to the proportion of
necrosis within the tumor (Table 1). Maturation of the
tumor tissue was assessed on the basis of INPC. As men-
tioned above, INPC is originally designed to classify
tumors based on the histologic features of primary tumors
in untreated patients. To adopt this system into post-treat-
ment tumor tissue, we focused on the viable cellular
éomponents of the resected tumor and excluded the area
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Table 1 Histologic criteria for effectiveness of treatment in pediatric
solid tumors (established by the Committee on Histological Classi-
fication of Childhood Tumors, The Japanese Society of Pathology)

Criteria - Histological findings

EfO No or minimal effect

Efla Mild effect: necrosis of tumor cells is observed in less than
approximately one-third of the tumor volume

Eflb Mild to moderate effect. Necrosis is observed in one-third
to two-thirds of the tumor volume

Ef2 Moderate effect. Necrosis is observed in more than two-
thirds of the tumor volume

Ef3 The entire tumor is replaced with necrosis

within the tumor consisting of necrotic tissue. The mor-
phological changes during preoperative chemotherapy
were assessed by comparing INPC at the time of biopsy
and at the time of radical operation.

Finally, to clarify the correlation between positive sig-
nals at the tumor site in preoperative '**I-MIBG scintig-
raphy studies and the histological features of the
subsequently removed tumor, scans obtained immediately
prior to the radical operation were reviewed.

Overall survival was defined as the time from diagnosis
to death. The prognostic value was evaluated by a log-rank
test. Correlation of "**I-MIBG scintigraphy uptake with the
histological features was evaluated using Fischer’s exact
test.

Results
Background of patients and treatment

All patients underwent biopsy at diagnosis. Initial histo-
logical classification of the biopsied specimens before
treatment according to the INPC was unfavorable histology
in all cases. Pretreatment histological subtype was undif-
ferentiated NB in three cases, poorly differentiated NB in
19, differentiating NB in one, and GNB nodular in three,
according to the revised version of INPC [5]. In the three
cases that were diagnosed GNB nodular, the histological
diagnosis of primary tumors were GN maturing, but bone
marrow aspiration revealed vivid tumor cells compatible to
poorly differentiated NB, thus leading to the clinical
diagnosis of GNB nodular [5].

Preoperative chemotherapy consisted of at least three
cycles of induction chemotherapy, including cyclophos-
phamide, pirarubicin, cisplatin and vincristine, following
the group study protocols in which each patient had been
enrolled [19]. Five of the 26 cases received various second-
line treatments before radical surgery for either stable/
progressive diseases or side effects caused by initial

induction chemotherapy. The median of the number of
preoperative conventional chemotherapy courses given to
the patients in the STD group was five (range: three to
eighteen). The patients in the DL group received five or six
courses of conventional induction chemotherapy followed
by HDC, using either of the following preconditioning
regimen: (1) melphalan, etoposide and carboplatin, (2)
melphalan, etoposide and cisplatin, followed by total body
irradiation, (3) mephalan and busulfan. The sources of
hematopoietic stem cell were autologous peripheral blood
in all cases but for two, in which allogenic bone marrow
from related donors were used.

Radical surgery was aimed to obtain gross total resec-
tion in all cases, with maximal effort to preserve vital
organs and major vessels. As a result, gross total resection
was performed in 17 cases, subtotal resection in eight, and
partial resection in two cases. In the DL group, surgery was
performed during the period from day 30 to 60 post-
transplantation. ' '

Radiotherapy was used in a total of 20 cases. These
included 18 cases for which local radiotherapy were used
postoperatively. Three cases in the STD group received total
body irradiation as a part of the preconditioning regimen for
hematopoietic stem cell transplantation. None of the cases
underwent preoperative radiotherapy, thus the treatment
effect observed in the tumor specimens of delayed radical
resection is purely a result of preoperative chemotherapy.

At the time of evaluation, eight patients were alive
without disease, four were alive with disease, twelve died
of the disease, and two died from treatment-related com-
plications. The average follow-up period of the living
patients was 63.5 months in the STD group, and
32.6 months in the DL group.

Histological cytotoxic effects in tumor specimens
obtained in radical resection

The summarized results of the histological review of
cytotoxic effects using the Histologic Criteria for Effec-
tiveness of Treatment in Pediatric Solid Tumors are shown
in Table 2. There were no tumors in the Ef0 category,
suggesting that every case showed at least signs of necro-
sis. Tumors that were categorized into the Eflb or Ef2
criteria accounted for 80.8 % of the total number. Fifteen
cases (61.5 %) had recurrence after radical surgery.
Recurrence evenly occurred in cases categorized into Efl,
Ef2a and Ef2b, suggesting that the amount of necrotic
change of the primary tumor caused by preoperative che-
motherapy are not correlated to a good prognosis.
Interestingly, the two cases that showed Ef3 response
(complete disappearance of viable tumor cells) both belon-
ged to the DL group. Tumors categorized either into the Ef2
or the Ef3 criteria accounted for 70 % of the DL cases,
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Table 2 Cytotoxic effect — gffect criteria STD (n = 17) DL (n = 9)
measured by amount of necrosis
in tumors after treatment and Total Recurrence Total Recurrence
recurrence Local Metastatic Local Metastatic
Ef0 (n = 0) 0 - - 0 - -
Efla (n = 3) 2 0 1 1 1 0
Eflb (n = 10) 8 3 4 2 0 0
Ef2 (n = 11) 7 0 6 4 0 0
Ef3 (n = 2) 0 - - 2 0 0
whereas only 44 % fell into these categories in the STD (%) 100 T Ef3 100%
group. Although we could not draw any firm conclusion from = ==
the limited number of the cohort, the difference between the % 80 - ‘l l
STD group and the DL group may owe to the intensified 3 v : Efla 66.7%
therapeutic impact of the HDC. Furthermore, the DL group "*é 60 - i _1
appears to have less recurrence, but since the follow-up g i T
period of this subgroup is shorter than the STD group, vali- 3 40 - T .:-_; ''''' : Eflb 44.4%
dation of this tendency requires further follow-up. % S
Next, we investigated the estimated overall survival rate E 20 1 N.S _l L OER2 12.9%
of patients in each effect criteria. As mentioned above, the & ™ -
follow-up period of the DL group was shorter than that of 0 T T I T T T ', T T

the STD group, and furthermore, the overall survival rate
of the STD group and the DL group was not significantly
different. Thus, we combined the STD group and the DL
group together in the survival analyses. The overall sur-
vival of the patients also did not correlate with the histo-
logic cytotoxic change within the primary tumors after
chemotherapy. As shown in Fig. 1, the effect criteria had
no relevance to the probability of survival. The two cases
that showed Ef3 effects were both MYCN-amplified cases.
Both cases are alive without disease after 74 and
37 months from diagnosis, respectively.

Histological maturation in tumor specimens obtained
in delayed radical resection

The degree of maturation/differentiation of the tumor at
diagnosis and at the time of radical resection was assessed
based on the INPC criteria (Table 3). As expected, tumors that
originally had features of differentiation at diagnostic biopsy
tended to shift towards a further maturated phenotype at the
time of second-look surgery, featured by enriched Schwan-
nian stroma and maturing ganglion-like cells. On the other
hand, those that originally had immature features (i.e.,
undifferentiated NB and poorly differentiated NB) responded
to chemotherapy variously. Among the 22 tumors in these
criteria, 18 tumors shifted up to either of differentiated NB,
ganglioneuroblastoma (GNB) intermixed, or GN maturing.
However, there were four cases that remained in the undif-
ferentiated or poorly differentiated NB subgroup, indicating
that there were no or minimum effect of differentiation/
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Fig. 1 Effect criteria and overall survival of patients

maturation within the primary tumor despite the use of pre-
operative chemotherapy. Table 4 shows the summary of post-
treatment INPC category and the pattern of recurrence. Out of
the four cases that remained in the undifferentiated or poorly
differentiated NB subgroup, three were in the STD group,
which all relapsed shortly after the surgery during the post-
operative treatment courses (3, 5 and 7 months from surgery
to relapse). Of these three patients, one underwent intraoper-
ative radiotherapy and was subsequently treated with post-
operative conventional chemotherapy,- when the tumor
relapsed. The other two were scheduled to receive local
radiotherapy after HDC but never had the chance to do so,
since local recurrence occurred shortly after HDC. The case in
the DL group did not suffer recurrence but was continuously
being treated for stable disease at the time of data collection.
Relapse also occurred in cases that showed moderate to high
degree of differentiation (i.e., differentiating NB, GNB
intermixed and GN maturing categories). Twelve out of 20
cases in these categories had tumor recurrence. It is worth
noting that local recurrence as the first postsurgical event was
rare in this group of patients, with only one in the DL group.
The first site of relapse was bone marrow or distant lymph
nodes in the remaining 11 cases, which was in contrast to the
relapse pattern in the poorly differentiated tumors, in which
recurrence tended to occur locoregionally.
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Table 3 Pre- and post-treatment tumor phenotype based on INPC criteria

Pretreatment histology of

Post-treatment histology of resected specimen

primary tumor from biopsy

Undifferentiated  Poorly Differentiating ~ GNB GN No viable
NB (n=12) differentiated NB NB(n=7) intermixed maturing cell (n = 2)
(n=2) (n = 10) (n=3)
Undifferentiated NB (n = 3) 1 0 1 1 0
Poorly differentiated NB 1 2 7 6 1 2
(n=19)
Differentiating NB (n = 1) 0 0 0 1 0
GN maturing (n = 3) 0 0 0 2 1 0
Table 4 Tumor phenotype Post-treatment INPC category STD (n = 17) DL (n=09)
based on INPC criteria in
tumors after treatment and Subtotal ~ Recurrence Subtotal ~ Recurrence
recurrence
Local  Metastatic Local  Metastatic
Undifferentiated NB (n = 2) 2 2 0 0 - -
Poorly differentiated NB (n = 2) 1 1 0 1 0 0
Differentiating NB (n = 7) 5 0 4 2 1 0
GNB intermixed (n = 10) 8 0 6 2 0 0
GN maturing (n = 3) 1 0 1 2 0 0
No viable tumor cell (n = 2) 0 - - 2 0 0
: 123
{%) 100 T GNB maturing / no viable tumor cell (n=5) HlStOlOgy and I MIBG uptake
= ‘!‘l._ Syr 05:40.0%
% 80 - To clarify the correlation between preoperative imaging
2 studies and histology of the resected tumor, we evaluated
o 80 the clinical response of the local and metastatic tumors by
3 40 retrospectively assessing the '*’I-MIBG (metaiodobenzyl-
-c 7 . . . . . . . .
g L! Undiffentiated or poorly ! guanidine) scintigraphy findings. Five early cases in which
£ i 1 diff. NB (n=4) ! 1231 MIBG had not been applied routinely were excluded,
£ 20 1 pPp y
o | Syr0S:0% gk T .
w ; 037 and 21 cases were subjected for assessment (Table 5).
o — T T T T T T T Although not statistical, the cytotoxic effect and the 1231
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Fig. 2 Post-treatment INPC category and overall survival of patients

Overall survival of the patients in each category is
shown in Fig. 2. Due to the shortage of the number of
cases, each category was combined into three groups; i.e.,
undifferentiated/poorly differentiated NB group, differen-
tiating NB/GNB intermixed group, and GN maturing and
no viable cell group. The estimated 5-year overall survival
rate of the undifferentiated/poorly differentiated NB group
was O %, as compared to 36.5 and 40 % in the differenti-
ating NB/GNB intermixed group and GN maturing and no
viable cell group, respectively. The survival rate of the
undifferentiated/poorly differentiated NB group was sig-
nificantly lower than the other two groups (log-rank test;
P = 0.0037).

MIBG-positive rates appeared to be in an adverse rela-
tionship. Tumors that showed Efla or Ef1b effect tended to
be '2I-MIBG positive as compared to Ef2 and Ef3. On the
other hand, the degree of differentiation had no apparent
correlation to preoperative '**I-MIBG-positive rates. The
data suggests that the '**I-MIBG uptake is rather depen-
dent on the amount of viable NB cells within the tumor,
regardless of the differentiation status of the NB
component.

Discussion

Histological evaluation of the primary tumor in untreated
advanced stage NB is mandatory for risk stratification in
the current standard treatment strategies. Besides being a
well-established and universally approved pathological
classification, INPC also serves as a powerful predictor of
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Table 5 Result of preoperative '*’I-MIBG scintigraphy and histo-
logical findings in tumors after treatment (n = 21)

125 MIBG uptake
Positive Negative
Effect criteria
Efla 2 0
Eflb 6 2
Ef2 4 5
Ef3 0 2
Resected tumor INPC
Undifferentiated NB 1 1
Poorly diff. NB 2 0
Differentiated NB 4 1
GNB intermixed 4 4
GN maturing 1 1
No viable tumor cell 0 2

prognosis of the patients [10]. In contrast, there are only
several reports in the literature focusing on the clinical
value of tumor histology after the use of chemotherapy
[11-14].

In the current study, we aimed to clarify the clinical
impact of the histological characteristics of tumors resected
at second-look surgeries. The prominent feature of our
cohort is that it includes patients treated with the “delayed
local treatment” policy, a multimodal treatment strategy in
which the radical resection of the tumor is withheld until
after the completion of all courses of chemotherapy
including HDC. Local radiotherapy follows the surgery,
but as a general rule, no postoperative chemotherapy
courses are given. The strategy aims to avoid the prolon-
gation of the chemotherapy intervals that could possibly be
caused by performing surgery and/or radiotherapy in
between the chemotherapy courses, and to consequently
intensify the “dose per period” of the systemic treatment
[15]. An increasing number of institutions in Japan,
including ours, have adopted this strategy during the recent
decade, and a nationwide multicenter group JNBSG is
currently conducting a clinical study to test the feasibility
and the effect of this treatment strategy. However, the
strategy -has raised two novel questions that had not been
discussed in the past: (1) is a tumor left behind after HDC
still viable? (2) if so, how would it behave afterwards? To
answer these questions, we analyzed the histological fea-
tures in a cohort that included patients treated with the
conventional (STD) and the novel (DL) approach to com-
pare the treatment outcomes between the two groups.

Tumor necrosis was seen in a various degree in our
study, but the amount of necrosis did not correlate to the
outcome of the patient. There have been reports demon-
strating that increased tumor necrosis in response to

@ Springer

preoperative chemotherapy correlates to the favorable
prognosis of the patient in childhood solid tumors, such as
Ewing sarcoma [20, 21], Wilms tumor [22] and osteosar-
coma [23]. In neuroblastoma, the amount of necrosis in the
tumor after treatment has been reported to be indicative of
a better prognosis by some investigators [11, 12, 14], while
Bomken et al. [13] stated that patients with tumors showing
<90 % necrosis did better than those with >90 % necrosis
in the post-treatment tumor. The authors indicated the
possible contribution of MYCN amplification, which was in
close correlation with post-treatment necrosis [13]. George
et al. [14] commented in their recent publication that
MYCN amplification was positively correlated with >10 %
tumor necrosis at resection in their study, but these patients
had an improved prognosis as compared to those with
<10 % tumor necrosis. Interestingly, in our study there
were eleven out of 26 cases with MYCN amplification, and
the only two tumors that showed Ef3 effect (complete
eradication of viable neuroblasts) were MYCN amplified.
Five MYCN-amplified tumors showed Ef2 effect. Thus, it
seems apparent that MYCN-amplified tumors have a trend
to show more necrotic change within the post-treatment
tumors, which is in agreement with the previous studies
[13, 14]. Whether the amount of necrosis in the resected
tumor is prognostic or not remains controversial, owing to
a number of factors, including the difference in treatment
intensity, timing of operation, and the cutoff of evaluation
of necrotic tissue. The true value of amount of necrosis
remains to be clarified by analyzing a larger cohort in a
prospective manner.

Maturation of neuroblastomas into ganglioneuromatous
tumors in response to chemotherapy is a well-known
phenomenon. We evaluated the maturation status of post-
treatment tumors adopting the INPC criteria. As a result of
chemotherapy, there was an upshift toward a more differ-
entiated phenotype in 19 of the 26 tumors. There were only
four cases in which the post-chemotherapeutic phenotype
was undifferentiated NB or poorly differentiated NB. Three
of the four cases had an extremely poor clinical course after
the surgery despite the continuation of standard postoper-
ative multimodal therapy. This suggests that, rather than
the amount of necrotic tissue within the tumor, the differ-
entiation status of the remaining clusters of neuroblasts
within the tumor tissue was more valuable as a prognostic
factor in our cohort. The current study contrasts with
findings in the report by George and colleagues, in which
the degree of differentiation within the resected tumor
(undifferentiated/poorly differentiated NB versus differen-
tiating NB) did not have significant impact on the survival
of the patients [14]. It is notable though, that in their study,
15 out of 40 cases remained in-the undifferentiated/poorly
differentiated NB categories after induction chemotherapy.
The discrepancy between our study and theirs may have
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been caused by the different periods that the patients were
treated, or the different induction protocols, or the number
of courses used before the surgery. Despite the negative
results regarding tumor differentiation, George and col-
leagues found that the mitosis-karyorrhexis index (MKI) is
strongly correlated to the prognosis of the patients [14].
The authors’ finding, along with ours, suggests that the
phenotype of the remaining tumor cell cluster after
induction chemotherapy is critical for predicting the further
clinical course of the patients, and additional or substantial
treatment might be necessary for those that have aggressive

phenotypes remaining, since these cells are likely to rep-

resent chemoresistance.

Tumors in the DL group had a trend to have a larger
amount of necrosis as compared to the STD group. The
intensity of chemotherapy is reported to be proportional to
the amount of necrosis from previous studies {11, 12]. Our
result suggests that the megadose treatment further added
cytotoxic effects against the remaining tumor. However, in
seven out of nine cases in the DL group, viable tumor cells
were still evident. This indicates that local treatment
including surgery and radiotherapy is mandatory in most
cases despite the intensification of systemic chemotherapy.
There is a concern that the presence of viable tumor cells at
the end of chemotherapy would be a high risk of recur-
rence. However, the recurrence rate as well as the overall
survival was not inferior in the DL group as compared to
the STD group in the current study. This is in agreement
with the previous report by Hashii and colleagues reporting
a favorable outcome of patients treated with the “delayed
local treatment” policy [15]. At this point, we do not have
any firm data to know whether presence of viable tumor
cells left after HDC should be a target of further treatment,
but from the results of the current study, we would suggest
that at least those with undifferentiated/poorly differenti-
ated NB phenotypes after HDC may be at a high risk of
recurrence and should undergo further treatment. The
results of a large-scale study are warranted to clarify the
clinical impact of the features of tumors resected after
HDC.

Finally, we investigated the relation between preopera-
tive 'I-MIBG uptake and histological findings. Our
results revealed a discrepancy in between the '**I-MIBG
uptake and the histological maturation of the tumor
(Table 5). The uptake was evenly observed in roughly half
of tumors regardless of the degree of differentiation. On the
other hand, '**I-MIBG uptake appeared to be correlated
with the cytotoxic effect evaluated by the amount of
necrosis within the tumor, though this trend was not sta-
tistically supported. It is likely that in post-treated tumors,
the gross uptake decreases significantly compared to pre-
treated tumors, owing to the shrinkage of the tumor and the
increased necrosis within the tumor. In this situation, we

consider that the visible uptake would be significantly
affected by the volume of the tumor and the number of
viable tumor cells remaining within the tumor. Caution is
therefore needed when evaluating the tumor with '2’I-
MIBG scintigraphies after chemotherapy, since negative
uptake may not guarantee the disappearance of tumor cells
with unfavorable phenotypes, and the persistence of '**I-
MIBG-uptaking tumors not necessarily indicates the pre-
sence of aggressive tumor cells.

The weakness of the current study is that, as a nature of
a retrospective institutional review, the details of treatment
vary and the statistical power is low. Our findings require
verification by precisely analyzing the histology of the
post-treatment tumor specimens of high-risk neuroblas-
toma treated in a multicenter prospective clinical trial.
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CLNICAL AND LABORATORY OBSERVAT

Cisplatin-induced Hearing Loss: The Need for a Long-term
Evaluating System

Naoko Yasui, MD,* Nodoka Adachi, MD,T Motohiro Kato, MD, PhD,} Katsuyoshi Koh, MD,}
Satoshi Asanuma, MD,t Hideaki Sakata, MD, PhD,§ and Ryoji Hanada, MD}

Summary: Cisplatin is an effective chemotherapeutic agent against
pediatric cancers; however, ototoxicity is a concern. This study
describes the frequency, severity, and clinical course of hearing loss
in Japanese pediatric patients treated with cisplatin-based multi-
modal therapy. A total of 55 children who received cisplatin-based
therapy from 1983 to 2012 underwent audiologic evaluations. Data
were analyzed to determine the onset, time-to-progression, and
severity of hearing loss. Thirty-five patients, 12 of 16 older patients
(4y or older), and 23 of 39 younger patients (under 4y), including 7
of 8 patients treated with cisplatin, carboplatin, and radiotherapy,
developed hearing loss. Ten of 18 patients who received a cumu-
lative cisplatin dose of <360mg/m? developed hearing loss at a
minimum dose of 200 mg/m?. Median time to onset after the last
cisplatin dose was 71 days; 6 patients developed hearing loss after
> 2 years. Four patients required hearing aids, 6 patients developed
progressive hearing loss with time, and 4 patients exhibited per-
sistent hearing failure at low frequencies. Risk factors for acquired
hearing loss and its severity may be associated with a combination
of factors such as cisplatin and carboplatin therapy, radiotherapy,
age at diagnosis, and genetic background. Our results suggested
that all pediatric patients treated with cisplatin would have their
hearing evaluated regularly, irrespective of the cumulative cisplatin
dose as a suggestion, and that further prospective studies regarding
ototoxicity including genetic polymorphisms analysis were
required.

Key Words: cisplatin, carboplatin, hearing loss, radiation, solid
tumor

(J Pediatr Hematol Oncol 2013;00:000-000)

Ithough successful treatment of pediatric malignancy by

multimodal therapy has improved the outcome of
children with cancer, we need to pay attention to the late
effects of anticancer therapies. Cisplatin is an effective
chemotherapeutic agent against pediatric cancers and has
contributed to the increased long-term survival of children
with cancer.! Particularly, cisplatin plays an important
role in the treatment of neuroblastoma, hepatoblastoma,
osteosarcoma, germ-cell tumor, brain tumors, and retino-
blastoma. However, the use of cisplatin causes adverse
effects including nephrotoxicity and ototoxicity. Although
the nephrotoxicity of cisplatin can be decreased by
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hyperhydration,? ototoxicity is usually permanent with no
treatment or preventive measures established to-date.
Hearing loss can influence speech and language develop-
ment, educational attainment, and socialization, partic-
ularly in young children.® The incidence of cisplatin-
induced hearing loss in children ranges from 22% to
70% 47 Cisplatin-induced ototoxicity is characterized by
bilateral sensorineural hearing loss.>*7 Initially, hearing at
high frequencies (4 to 8 kHz) is affected, and this can sub-
sequently progress toward hearing loss at lower frequencies
(1 to 2kHz). Moreover, there is some evidence that hearing
loss may be progressive, even after cisplatin administration
has been terminated.® Among patients treated with cispla-
tin, the major risk factors associated with hearing loss are
younger age, higher cumulative cisplatin dose (above 360 to
400 mg/m?),>1%11 central nervous system tumors, and
concomitant central nervous system radiation.> Carbopla-
tin is also reported to cause ototoxicity when administered
in combination with cisplatin or in high doses.>”1213 In
contrast, cisplatin-induced ototoxicity exhibits significant
individual variability; the audibility of some patients
treated with cisplatin is not affected.!!3

Recently, Japanese patients were reported to be more
susceptible to cisplatin-induced ototoxicity.!® To evaluate
the course, incidence, and severity of hearing loss after
cisplatin treatment, we conducted a retrospective study of
cisplatin-induced ototoxicity in children with cancer treated
at the Saitama Children’s Medical Center. To the best of
our knowledge, this is the largest pediatric case study
reported to date in Japan.

PATIENTS AND METHODS

The medical records of pediatric patients diagnosed
with cancer and treated with cisplatin-based chemotherapy
between 1983 and 2012 at the Saitama Children’s Medical
Center were retrospectively reviewed. Patients were
excluded if age at diagnosis was over 18 years or if audio-
grams had not been performed. Fifty-five patients fulfilled
the study’s inclusion criteria.

Audiometric assessment was performed by pediatric
otolaryngologists. The method of evaluation was selected
on the basis of age, developmental status of patients, ability
to cooperate, and status of the disease. Conventional
audiometry, conditioned play audiometry, and visual
reinforcement audiometry were used to measure pure tone
thresholds. Bone conduction audiometry was performed for
patients with an abnormal air conduction threshold if the
patient’s cooperation was obtained. Frequency-specific
auditory brainstem response testing or the measurement of
distortion product otoacoustic emissions were also carried
out as adjunctive tests for very young or very ill patients.
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