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ABSTRACT: Mutations in RAS, neurofibromatosis type 1 (NFI),
and. PTPNI1, constituents of the granulocyte-macrophage colony-
stimulating: factor signaling pathway, have been recognized in pa-
tients with juvenile myelomonocytic leukemia (JMML). We assessed
71 children with JMML for NRAS, KRAS; and PTPNII mutations
and evaluated their clinical significance. Of the 71 patients, three had
been  clinically diagnosed. with ‘neurofibromatosis: type 1, and
PTPNI11I and NRAS/KRAS mutations were found in:32 (45%) and 13
(18%) 'patients, respectively. No' simultaneous aberrations were
found. Compared with patients with: RAS mutation' or: without any
aberrations, patients with. PTPN1] mutation were significantly older
at diagnosis and had higher fetal Hb levels, both of which have been
recognized ‘as. poor prognostic’ factors. As was expected, overall
survival was lower for patients with the PTPNI] mutation than for
those without (25 versus 64%; p. = 0.0029).:In an analysis: of 48
patients: who received hematopoietic - stem: cell: transplantation,
PTPNII mutations were also associated: with poor prognosis: for
survival;: Mutation in PTPNI1 was: the only unfavorable factor for
relapse after hematopoietic stem cell transplantation (p = 0.001). All
patients. who died after relapse had PTPN1I mutation. These results
suggest: that JMML. with  PTPNI1I mutation: might be a distinct
subgroup with specific: clinical characteristics: and. poor: outcome:
(Pediatr Res 65: 334-340,2009)

uvenile myelomonocytic leukemia (JMML) is a rare clonal
myelodysplastic/myeloproliferative: disorder  that  affects
young children: It is characterized by specific hypersensitivity
of IMML. cells to granulocyte-macrophage colony-stimulating
factor (GM-CSF) in vitro, but is thought to ‘be a genetically
and ‘phenotypically - heterogeneous - disease (1-4). JMML
seems to have its genesis in dysregulation of GM-CSF signal
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transduction; and gene mutations interfering with downstream
components of the GM-CSF signaling pathway can be iden-
tified in approximately 70% of children with this disorder
(2,5-11). Constitutional mutations of NFI occur in approxi-
mately 10% of patients with IMML (2,5,12). NF1 is known to
be the causative gene of neurofibromatosis type 1 (NF1), an
autosomal dominant’ cancer - predisposition syndrome. NF1
codes for neurofibromin, a GTPase activating protein for Ras,
and acts as a‘tumor suppressor (13). Similarly; oncogenic RAS
mutations at codons 12, 13, and 61 have been identified in
approximately 20-25% of patients -with  JMML, (2,6-8).
These mutations lead to elevated levels of Ras-GTP, the active
form of Ras, resulting in constitutive activation of the signal
transduction pathway. (14).

Somatic mutations in PTPNI I, which encodes the protein
tyrosine phosphatase SHP-2, a molecule that also relays the
signal from the GM-CSE receptor to'Ras, have been reported
in approximately 35% of patients with JMML (9-11). Germ-
line mutations  in- PTPNI11 were: first observed in: Noonan
syndrome (NS) (15); and somatic mutations have also been
identified in hematological malignancies (9-11,16,17). SHP-2
is a positive regulator in this signal transduction pathway and
PTPNI] mutations cause gain of function in SHP-2, resulting
in’ inappropriate activation of the GM-CSF pathway (10).
PTPNI1I mutations have been found without coexisting NRAS,
KRAS, or  NFI. mutations (9,11,16).  These alterations ' are
thought to be responsible for GM-CSF: hypersensitivity and
the clinical features associated: with this condition. Given this
information, mutational analysis. of  PTPNII and RAS; or

Abbreviations: GM-CSF; granulocyte-macrophage: colony-stimulating fac-
tor; HbF, fetal hemoglobin; HSCT, hematopoietic stem cell transplantation;
JMML, juvenile myelomonocytic leukemia; NF1, neurofibromatosis type 1;
NS, Noonan syndrome; OS, Overall survival
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either identification of an NF/ mutation or a clinical diagnosis
of NF1, are currently key diagnostic procedures for JIMML.
However, we have a poor understanding of the relationship
between mutational status and the clinical features of JIMML.

Most patients with IMML usually experience an aggressive
clinical course and die from progressive disease unless treated
with hematopoietic stem cell transplantation (HSCT)
(1,4,18,19). Recent studies have shown that children with
JMML have better outcomes when they undergo HSCT early
in the course of the disease (20,21). In contrast, there is a
certain proportion of patients who have a stable clinical course
for a considerable period of time, and disease that sometimes
spontaneously resolves without any treatment (1,22,23).
Therefore, information on prognostic factors that can be used
to identify patients requiring early HSCT is important in
developing a treatment plan.

Although several clinical characteristics have been reported
as prognostic factors for JIMML, including age at diagnosis,
sex, fetal Hb (HbF) level, platelet count, and cytogenetic
abnormality (1,19-21,23-26), the relationship between prog-
nosis and particular genetic aberrations is unclear and needs to
be clarified. Thus, in the current study; we assessed 71 chil-
dren with JMML for NRAS, KRAS, and PTPNI1I mutations
and analyzed the association between mutational status and
previously recognized prognostic factors for JMML, then
evaluated the clinical significance of these mutations to clarify
whether genotype-phenotype correlations exist.

MATERIALS AND METHODS

Patients.. A total of 71 children with JMML diagnosed between 1987 and
2006 in’ 30 institutions throughout Japan were studied retiospectively. The
diagnosis of JIMML, was based on the internationally accepted criteria previ-
ously:published (27).We excluded patients with: NS, a JMML-like myelo-
proliferative: disease characterized by spontaneous. regression of the disease.
The clinical and hematological characteristics; of the 71 patients are summa-
rized in-Table 1. The median age at diagnosis was 24 mo (range, 1-69 mo).

Table 1. Patients characteristics

No..of patients 71
Median age at diagnosis; mo (range) 24 (1-69)
Male/female 43/28

Peripheral blood
Median Hb: at diagnosis, g/dL (range)
Percentage of HbF at diagnosis (range)
Median WBC count af diagnosis, X 10%L. (range)
Median monocyte count at diagnosis, X 10°/L. (range)
Median platelets count at diagnosis, X 10%L (range)

9.3 (4.9-13.0)
19.0 (1.0-78.0)
31.8.(7.6-563.0)

4.2(1.0-84.5)
42.0(1.4-320.0)

Hepatomegaly (yes/no) 67/4
Splenomegaly (yes/no) 68/3
Cytogenetic study, no.of patients
Normal 55
Monosomy: 7 9
Other abnormalities 2
+8 1
-Y 1
+X,+13 1
Inv(4)(p14p16) 1
1(3;18)(q25:q21) 1
Del(6)(@?),—20
No. of patients with clinical evidence of NF1 3
No. of patients received HSCT 48

WBC, white blood cell.

Karyotypic abnormalities were detected in 16 patients, including nine patients
with monosomy 7. Three children had clinical evidence of NF1. Treatment
was planned in the institute responsible for each child and 48 of 71 patients
had been treated with HSCT. The source of grafts was bone marrow from a
related donor for 15 patients, bone marrow from an unrelated donor for 20,
unrelated cord blood for 11, and related peripheral blood for two. Total body
irradiation, TBI, was used in half of the patients and the remainder underwent
a non-TBI regimen in which the drug dosage varied widely. Approval for this
study was obtained from the Ethics Committee of Nagoya University Grad-
uate School of Medicine.

Screening for mutations of the PTPN11, NRAS, and KRAS genes.
Written informed consent was obtained from the parents of each patient, and
bone marrow or peripheral blood samples were obtained at initial diagnosis.
Mononuclear cells were isolated using Ficoll-Hypaque density gradient cen-
trifugation and they were cryopreserved until use. Genomic DNA was ex-
tracted using the QIAamp DNA Blood Mini Kit (Qiagen, Chatsworth, CA).
To screen for PTPNII mutations, we amplified genomic DNA corresponding
to exons 2, 3, 4, 7, 8, 12, and 13 of PTPNI] using the PCR with cycling
parameters and primers as previously reported (28,29). The PCR products
were purified and directly sequenced on an ABI Prism 3100 DNA Analyzer
(Applied Biosystems, Foster City,” CA) using a BigDye terminator cycle
sequencing kit (Applied Biosystems).

NRAS and KRAS mutations of codons 12, 13, and 61 were identified as
previously described (11,30) and were confirmed by sequencing.

Analysis of correlations between clinical characteristics and mutational
stafus. To assess the correlations between clinical characteristics and muta-
tional status, patients were subdivided into four groups: those with a PTPNI/
mutation, a RAS mutation; a clinical diagnosis of NF1, or none of these.
However, the number of patients with NF1 was too small to allow subgroup
analysis, so these patients were excluded from this analysis. Then, for the
three remaining groups, we performed a comparison of clinical and laboratory
findings.

Statistical analysis. The date of analysis was January 30, 2008. Survival
probabilities were' estimated by the Kaplan-Meier method and comparisons
between probabilities for different patient groups were performed using the
two-sided log-rank test. All results are expressed as 5-y probabilities with a
95% confidence: interval (CI).. Overall survival (OS). for. all patients was
defined as the time from diagnosis to death or last follow-up. OS in patients
who received HSCT was defined ‘as the time from transplantation to death or
last follow-up.’ Relapse incidence was defined as the probability of experi-
encing a relapse and death without relapse was considered a competing évent.
The parameters. for univariate analyses of OS and relapse incidence included
age - at diagnosis, sex, platelet  count, percentage: of HbF, karyotype, and
mutational status. For multivariate analyses, the Cox: proportional’ hazard
regression model was used. To evaluate correlations between clinical char-
acteristics. and mutational status, differences: in- continuous’ variables were
analyzed using the Mann-Whitney U test and differences. in frequencies. were
tested using the x* test. When appropriate: (because of small sample size),
Fisher’s ‘exact test. was: used. p- values less: than 0.05" weie  considered
statistically significant. These statistical analyses were performed with Stat-
View-J 5.0 software (Abacus Concepts Inc., Berkeley, CA).

RESULTS

Mutation analysis. The results of the PTPNII and NRAS/
KRAS mutational screening for the 71 Japanese children with
JMML are listed in Table 2. We found PTPN11 mutations in
32 of .71 (45%) patients. -All ‘mutations  were missénse
changes; 30 of which were in exon 3 and two of which were
inexon 13. Thirteen of 71 (18%) patients had RAS mutations,
11 of which were in NRAS and two of which were in. KRAS.
Ten of 13 patients with RAS mutations had been reported in a
previous study (22). Three (4%) patients were clinically diag-
nosed with NF1.:No patient with. NF1 was found to have
mutations in PTPNI1 or RAS, and 23 (32%) patients had
neither a PTPNI] mutation nor a RAS mutation, nor a clinical
diagnosis of NFI.

Comparison of clinical characteristics of patients accord-
ing to mutational status. We compared the laboratory and
clinical parameters for patients with a PTPNI 1 mutation, with
a RAS mutation, and without any aberration (Table 3). In the
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group corresponding to individuals with a PTPNJ] mutation,
quite distinct characteristic features were evident, whereas
there was no difference in the clinical characteristics displayed
by individuals in the groups with a RAS mutation and no
aberration. Patients with PTPN] mutations were significantly
older at diagnosis (median: 35 mo) than those with RAS
mutations (median: 10 mo; p < 0.0001) or those without any
aberrations (median: 10 mo; p = 0.0037), and the presence of
the PTPNI] mutation in infants was rare (only two of 32
patients). In addition, the HbF level was significantly higher in
the PTPN11 mutation group than in the RAS mutation group
or the group with no aberration (25.6 versus 8.6%; p = 0.0026
or versus 9.8%; p = 0.0014). The patients with monosomy 7
are known to have normal or only slightly elevated HbF levels

Table 2. PTPN11, NRAS, and KRAS mutations in 71 children
with JMML

No. of Nucleotide Amino acid
Gene patients substitution substitution
PTPNI11 2 179G>T Gly60Vval
4 181G>T Asp61Tyr
3 182A>T Asp61Val
1 214G>A Ala72Thr
5 215C>T Ala72Val
11 226G>A Glu76Lys
1 226G>C Glu76GIn
3 227A>G Glu76Gly
2 1508G>C Gly503Ala
NRAS 3 34G>A Gly12Ser
2 34G>T Gly12Cys
1 35G>A Gly12Asp
3 38G>A Gly13Asp
1 181C>A GIn61Lys
1 182A>T GIn61Leu
KRAS 1 35G>A Gly12Asp
1 35G>T Glyl2Val

YOSHIDA ET AL

(1). When the patients with monosomy 7 were excluded from
the analysis, strong correlations of higher HbF level with
PTPN11 mutation compared with RAS mutation or no aber-
ration were still observed (p = 0.0004 or p = 0.0014, respec-
tively). Even after the groups other than the PTPNII group
were combined (including the patients with NF1), the factors
of older age at diagnosis and higher HbF level were still
significantly different between the PTPNI] mutation group
and the other group. Karyotypic aberrations other than mono-
somy 7 occurred only in patients with the PTPNI] mutation.
Patients with a PTPNI] mutation were more likely to receive
HSCT than those with a RAS mutation or without any aber-
rations. As shown in Table 3, no correlation was observed
between mutational subgroup and sex ratio, white blood cell
count, or platelet count.

Because of the small number of patients in the NF1 group,
we excluded these three patients from subgroup analysis.
However, consistent with previous findings (1), children with
NF1 had been given a diagnosis at an older age except for
one patient with a family history (JMML was diagnosed in
two girls with NF1 at 7 and 47 mo and in one boy with NF1
at 69 mo) but no other clinical parameters differed from
those of the other mutational subgroups.

Prognostic impact- of the GM-CSF signaling pathway-
related genes. For all 71 children, the OS probability at 5 y
was 43% (95% CI: 35-51), and the median follow-up time for
all living patients was 59 mo (range, 13-240 mo). Given the
quite distinct clinical characteristics of the PTPNII mutation
group, which associated with recognized poor prognostic fac-
tors, we comipared the clinical outcomes for patients with or
without a-PTPNI1 mutation. The survival of patients with a
PTPNI] mutation was significantly inferior to survival of
patients without (25 versus 64%; p = 0.0029) as shown in
Figure 1. Of the patients without PTPN1I mutation; survival

Table 3. Correlation between mutational status and clinical characteristics in JMML

Mutational group

PTPNI11I, NRAS/KRAS, No aberrations,
n = 32(45%) n= 13 (18%) p* =123 (32%) p*
Median age at diagnosis, mo 35 10 <0.0001 10 0.0037
Older than 24 mo; no. 24 1 <0.0001 8 0.0067
24 mo or younger; no. 8 12 15
Gender; male/female
Male; no. 22 8 NS 12 NS
Female, no. 10 5 11
Median HbF level, % 25.6 8.6 0.0026 9.8 0.0014
More than 10%: no: 29 5 0.0008 11 0.0023
10% or less, no: 3 8 12
Median WBC count, X10°/L 217 294 NS 36.0 NS
Median platelets count, X 10%/L 38.5 55.0 NS 45.0 NS
Less than 40 X 10%L, no. 17 5 NS 10 NS
40 X10°/L. ot more, no. 15 8 13
Cytogenetics
Abnormal karyotype, no. i1 2 NS 2 NS
Monosomy. 7; no. 4 2 NS 2 NS
Other abnormalities, no. 7 0 0
Normal karyotype; no. 21 11 21
No. of patients received HSCT 28 6 0.0107 11 0.0023

* These were compared: with those of PTPNII group.
WBC; white blood cell; NS; not significant.
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Probability
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Figure 1. Kaplan-Meier estimate of overall survival in all patients according
to PTPNII mutation status. PTPNII-mutation group (n = 32): solid lines
PTPN11 wild-type group (n = 39): broken line. The survival of PTPNII-
mutation group was significantly inferior to survival of PTPNII wild-type
group: 25% (95% CI: 17-33) vs 64% (95% CIL: 56-72); p = 0.0029.

Table 4. Probability of 5-y overall survival (OS) in 71 patients
with JMML

No. of ~ Probability
Variable patients (%) 95% CI p
Mutational status
PTPNI] mutation 32 25 17-33 0.0029
PTPNI11 wild type 39 64 56=72
RAS: mutation 13 61 45-78
No aberration 23 65 55-75
Age at diagnosis
Older than 24 mo 35 33 25-42 0.0030
24 mo or younger 36 58 48-67
Cytogenetics
Abnormal karyotype 16 22 11-34 0.0125
Normal karyotype 55 53 46-61
Platelets count
Less than 40X 10°/L 34 43 34-52 NS
40X 10°/L or more 37 49 40-58
HBbF level
More than 10% 47 41 33-49 NS
10% or less 24 57 45-69
Gender
Male 43 43 35-51 NS
Female 28 49 38-60

NS, not significant.

values for the RAS mutation group and the no aberration group
were 61 and 65%; respectively. The three patients with NF1
all received HSCT. One patient died because of transplanta-
tion-related toxicity and the others survived: without the dis-
ease. The prognostic significance of the initial clinical and
laboratory parameters, together with mutational = status; is
shown in Table 4. In the univariate analysis, age greater than
24 mo (p = 0.0030) and presence of ¢ytogenetic abnormality
(p = 0.0125) were associated with poor prognosis, as was the
presence of PTPNI1 mutation. Of particular interest cytoge-
netically is the fact that patients. with monosomy. 7 had a
comparable outcome to that of children with a normal karyo-
type. However, all seven patients with an abnormal karyotype
other than monosomy 7 died, and all had a PTPNI I mutation.
Multivariate analysis showed that none of the variables influ-
enced survival (Table 6).
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Figure 2. Kaplan-Meier estimate of overall survival and probability of
relapse after HSCT in 48 patients according to PTPNII mutation status.
PTPNII-mutation group (n = 28): solid lines. PTPN11 wild-type group (n =
20): broken lines. (A) Overall survival. PTPNII-mutation group had signif-
icantly lower survival than PTPNI1 wild-type group: 30% (95% CIL: 21-39)
vs 69% (95% CI: 59-80); p = 0.018. (B) Relapse incidence. Whereas no
relapse was observed in PTPNII wild-type group, the relapse incidence of
PTPNII-mutation group was 49% (95% CI: 39-60); p = 0.001.

We'then analyzed: the prognostic value of PTPNI] muta-
tions in the 48 of 71 patients who received HSCT. PTPN11
mutations were found in 28 of 48 (58%) patients, and of the 48
patients, 25 patients died after HSCT. As shown in Figure 24,
patients »with a PTPNI] mutation had significantly lower
survival than patients  without also in this cohort. (30 versus
69%; p = 0.018). We found that the presence of a PTPNI11
mutation was: the most significantly associated factor with OS
after HSCT,. and. followed by age greater than 24 mo and
presence of cytogenetic abnormality (Fig. 3A and Table 5). No
variables significantly associated with inferior survival after
HSCT 'in a multivariate: model (Table: 6). In addition, we
compared the probability of relapse  after  HSCT between
patients:with and without' PTPNI I mutations and found: that
the patients with a-PTPN1] mutation had significantly higher
risk for relapse (p = 0.001) (Fig. 2B). No other variables
including older age and cytogenetic abnormality arose statis-
tically significant difference with the. probability of relapse
after HSCT (Fig. 3B and Table 5). Twelve patients died of
relapse after transplantation and 13 died of transplantation-
related toxicity. Notably, all 12 patients who died after relapse
had a PTPNII mutation.

All four patients: with a PTPNII mutation who did not
receive HSCT died (at 3, 4, 19, and 29 mo after diagnosis),
whereas: 12 of 19 patients without a PTPNII mutation who
did not receive HSCT remain alive, with a median follow-up
of 80 mo (range, 21-240 mo) from diagnosis.

DISCUSSION

Since the discovery of PTPNI1 mutations in. JMML: (9),
biomedical and molecular research on this:disease has pro-
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gressed rapidly, and data on molecular aberrations are now of
great importance in the diagnosis of JMML. In the current
study, we confirmed that PTPNI] mutations are the most
frequent molecular aberrations (45%) in Japanese children
with JIMML., If a PTPNI] mutation is present, it is important
to rule out the possibility of NS, especially in infants, because
the JMML-like disorder in these patients may spontaneously
disappear without therapy, so it is considered distinct from
common JMML (31). All mutations detected in our cohort
were located in exons 3 and 13 of the PTPNI! gene, which
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Figure: 3.  Kaplan-Meier - estimate - of overall 'survival and probability of
relapse after HSCT in 48 patients according to age at diagnosis. Age >24 mo
(- =:29):"solid lines. Age: =24 mo (n-="19): broken: lines. (A) Overall
survival: Age =24 mo: 59% (95% CI: 47-71) vs-Age >24 mo: 38% (95% CI:
29-47); p-=: 0.033. (B) Relapse incidence. Age =24 mo: 19% (95% CIL:
9-29) vs:Age >24 mo: 35% (95% CI:26-45); p = NS
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accords with previous findings that mutations associated with
JMML exist only in these two exons (9,16). In contrast,
mutations in NS are located in a much broader range of
locations, in exons 2, 3, 4, 7, 8, and 13 (29). Kratz et al. (32)
clearly demonstrated that a different spectrum of PTPNI/
mutations between JMML and JMML-like disorder with NS.
According to Kratz et al., all mutations in the present study
were those associated with JIMML, not a IMML-like disorder.
These findings suggest that our study population included only
patients with common JMML and that the observed mutations
are somatic changes.

The prevalence of PTPNII mutations in our cohort was
slightly higher than.that reported previously (9-11), and the
prevalence of RAS mutations was comparable with that found
in previous studies (2,6—8). In other studies, the proportion of
patients with clinically diagnosed NF1 has been found to be 9
and 14% (1,33), but in our cohort, the proportion was smaller,
only 3 of 71 (4%) patients. A similar NF1 prevalence (4 of 83
patients; 5%) was observed in an ongoing prospective study
conducted by the MDS Committee of the Japanese Society of
Pediatric Hematology, so NF1 might be less prevalent in the
Japanese population. Another possibility is that NF1 was
under diagnosed because of the paucity of signs and symp-

Table 6. Multivariate analysis of survival for all 71 patients and
48 patients who received HSCT

95% CI p

Relative risk

All patients (n = T1)

PTPNI1 mutation 1.854 0.852-5.139 NS
Older than 24 mo 2.011 0.925-4.790 NS
Abnormal Karyotype 1.793 0.800-5.401 NS

Patients received HSCT (n = 48)

PTPNII mutation 2226 0.852-5.814 " NS
Older than 24 mo 1.707 0.742-3.925 NS
Abnormal karyotype 1.863 0.764-4.542 NS

NS; not: significant.

Table 5. Univariate analysis:of 5-y-overall survival (OS) and relapse incidence (RI} after HSCT in 48 patients with JMML

oS RI
Variable No. of patients Probability. (%) 95% Cl P Probability (%) 95% CI 14
Mutational status .
PTPNII mutation 28 30 21-39 0.0181 49 39-60 0.0012
PTPNII wild type 20 69 5980 0 0-0
RAS mutation 6 63 41-83 0 0-0
No:aberration 11 72 59-86 0 0=0
Age at diagnosis
Older than:24 mo 29 38 2947 0.0331 35 2645 NS
24:mo or younger 19 59 47-T1 19 9-29
Cytogenetics
Abnormal karyotype 14 17 4-30 0.0474 48 32-64 NS
Normal karyotype 34 56 47-64 23 15-30
Platelets count
Less than 40X 10%/L, 27 50 41-60 NS 22 1330 NS
40X10%L or more 21 40 29-51 41 29-53
HbE level
More than: 10% 37 45 37-54 NS 33 24-42 NS
10% or less 11 56 40=72 26 10-42
Gender
Male 29 40 30-49 NS 33 23-42 NS
Female 19 56 44-68 24 13-34

NS, not significant.
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toms in young children. Niemeyer et al. (1) found that patients
with NF1 were more likely to have higher platelet counts and
normal karyotypes. In our patients with NFI, no clinical
parameters except for age seemed to differ from the other
groups, although the number of patients was too small to draw
any conclusions. The outcome of patients with NFI remains
unclear; therefore, further accumulations of prognostic data in
this condition are needed.

Our analysis showed a striking correlation between muta-
tional status and clinical and laboratory findings of known
prognostic factors. Compared with the RAS mutation group
and the no aberration group, age and HbF level at diagnosis
were significantly higher in the PTPNII mutation group.
Given that in previous reports older age at diagnosis and
elevated HbF level have been repeatedly described as risk
factors for survival (1,19-21,23-26), these results suggest that
JIMML with PTPN11 mutation is a distinct subgroup and that
the outcome for patients with this condition might be poorer.
In this study, both PTPNII mutation and age were the stron-
gest predictors of the probability of survival in univariate
analyses. The poor survival of the PTPNII mutation group
was - also observed when only the patients who had been
treated with HSCT were included in the analysis. Because
multivariate analysis did not discriminate between age and
PTPNI11 mutation, it remains- unclear whether mutation in
PTPNI1 is an independent predictor for poor survival. How-
ever, this could possibly be-ascribed to the strong relationship
between the PTPNI! mutation group and older age. Poor
outcome in patients with a PTPN1] mutation may be due to
the presence of several unfavorable factors, suggesting that
previously: recognized prognostic. factors: might reflect the
genetic status.

Presently, HSCT is the only curative treatment for IMML,;

however, disease recurrence remains the major cause. of treat-
ment failure. Notably, mutation in PTPNI] was the only risk
factor for relapse after HSCT in our study. Previously pub-
lished studies have found that older-age; elevated HbE level,
and abnormal karyotype are patient-specific risk factors: for
relapse after HSCT (20,21). The finding that our patients with
a PTPNIT mutation had an association with all these factors
and our results on risk factors for relapse also support the idea
that the genetic status' may be an- explanation of previous
prognostic factors:

In our study, all 12 patients who relapsed-after HSCT had
a PTPNII mutation; suggesting that patients with PTPNII
mutation’ may. experience: an:aggressive: clinical course. In
addition, patients with PTPNII mutation were more:likely to
receive HSCT, also suggesting that there was a bias attribut-
able to the aggressive clinical course in these patients. Indeed,
all patients in the PTPN1 1 mutation group who did not receive
HSCT died, whereas five of seéven patients in.the RAS muta-
tion group and seven of 12 patients in the no aberration group
were -alive without HSCT. Moreover, all patients: with an
abnormal karyotype other than monosomy 7 had a PTPNI1]
mutation, and all died, suggesting that clones with a PTPNI]
mutation might be more likely to acquire additional chromo-
somal alterations.

To the best of our knowledge, this is the first report to
investigate the prognostic relevance of the GM-CSF signaling
pathway-related genes in patients with JMML and demon-
strate the correlation between mutational status and recog-
nized prognostic factors. The finding that mutations in
PTPNII or RAS and a clinical diagnosis of NF1 were mutu-
ally exclusive is consistent with the idea that these molecules
act in the same pathway. Nonetheless, the clinical features
were quite different in these groups. This difference might be
caused by distinct gain-of-function effects of each gene on the
GM-CSF pathway and unknown additional genetic alterations
may cooperate with these mutations. Furthermore, considering
the present and previous findings together, the previously
recognized prognostic factors might reflect the genetic status
of this pathway. Further biologic studies are necessary to
clarify what kind of genetic alterations cooperate with altered
GM-CSF pathway-related genes during the development of
JMML.

In conclusion, IMML with mutation in PTPN1 1] seems to be
a distinct subgroup with specific clinical characteristics and
poor outcome, Consideration should be given to early HSCT
therapy in this group of patients and better strategies to lower
the risk of relapse in these patients are warranted.
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Concurrent Langerhans Cell Histiocytosis and Nephroblastoma

Ryoko Narui, mp,' Hiroshi Yagasaki, mp,’ Yoshiyuki Takahashi, mp,' Asahito Hama, mp," Nobuhiro Nishio, mp,’
Hideki Muramatsu, mp," Yoshie Shimoyama, mp,” and Seiji Kojima, mp'*

Both Langerhans cell histiocytosis (LCH) and nephroblastoma are
rare in children. We report herein the first case of a patient with both
diseases concurrently. A 2-year-old female presented with bone
pain and swelling of the right humerus. As a result of the local
incision biopsy, she was diagnosed as LCH. A nephroblastoma of the

Key words:

children; langerhans cell histiocytosis; nephroblastoma

left kidney was discovered during her staging work-up. After
complete resection of the nephroblastoma, she received standard
chemoradiotherapy for nephroblastoma. She is alive without relapse
14 months after initial presentation. Pediatr Blood Cancer 2009;52:
662-664. © 2009 Wiley-Liss, Inc.

INTRODUCTION

Langerhans cell histiocytosis (LLCH) is characterized by a clonal
proliferation of Langerhans cells, resulting in a wide range of
clinical manifestations. The clinical heterogeneity of the disease
ranges from a solitary lytic bone lesion with a favorable course to a
disseminated disorder, occurring in young children, with fatal
outcome, mainly from" progressive organ failure. However, the
pathogenesis of the disease is still poorly understood.: An overall
incidence rate of 2.6-to 8.9 cases in 1,000,000 children-per year
was recently reported from Northwest England, France, and Sweden
[1-3}

Nephroblastoma, also called Wilms tumor, is one of the
most common solid tumors of childhood, originating from the
kidney. It occurs in 10 out of 1,000,000 children less than 15 years of
age [4]. The risk of acquiring the disease increases in association
with several recognizable congenital anomalies such as aniridia,
hemihypertrophy, Beckwith-Wiedemann syndrome (BWS), genito-
urinary tract anomalies including WAGR syndrome and Denys-
Drash syndrome. The following genes and chromosomal area are
associated with the development of nephroblastoma: WT1 at 11p13,
WT2at11p15.5, WT3at 16q, WT4at 17q12-q21, and WT5 at 7p15-
pl1.2 [S].

There have been reports. of LCH. associated with - various
malignancies [6-13]. Among them, a large group of patients had
hematological diseases including leukemia and’ malignant lym-
phoma. Childhood solid tumors were very few compared with adult
malignancies; We report a pediatric patient with both LCH of bone
and nephroblastoma.

CASE REPORT

A 2-year-old female presented with a 2-week history of swelling
and pain of the right shoulder. She had been previously well, and her
past and family histories were unremarkable. Physical examination
was normal except swelling and limited range of motion of the right
shoulder. Imaging studies revealed a-lesion at the proximal right
humerus; the lesion  was positive for periosteal reaction’ with
destruction of the normal- trabecular bone pattern on the X-ray
(Fig. 1a). The diagnosis of eosinophilic granuloma was made on the
finding of incision biopsy. specimens immunostained for. CD1a,
langerin and S100. Methylpredonisolone was injected into the bone
lesion. ‘A’ radionuclide bone scan did not show involvement in
other sites.
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We performed a computed tomography scan of the chest and
abdomen in addition to an X-ray and scintigraphy of the whole body
for the staging work-up. A mass (80 mm X 73 mm x 66 mm) was
found at the inferior pole of the left kidney (Fig. 2). Laboratory
findings . were normal, including. urinary homovanillic acid,
vanillylmandelic acid; and serum neuron-specific enolase levels.
The mass was completely resected, revealing a nephroblastoma
focal nephroblastic subtype. The patient did not have features of
BWS, aniridia, hemihypertrophy or genitourinary tract anomalies.
Thereafter, she received chemoradiotherapy according to National
Wilms Tumor: Study protocol for: nephroblastoma (Stage-1I)- for
4 'months; a combination therapy with actinomycin D, vincristine
and doxorubicin after local radiation to the tumor bed in the left
abdomen (10.8 Gy). She did not receive any LCH-oriented therapy
except for a local injection of steroid into the bone lesion. At the time
of her discharge from the hospital, the bone defect in the right
humerus did not show any change on the plain X-ray. Currently, the
patient is alive and well 14 months aftér the initial presentation. The
osteolytic site of LCH involvement of the right humerus resolved
completely (Fig. 1b).

DISCUSSION

Association between malignant neoplasms and LCH has been
recognized for the past 2 decades. Both diseases occur sequentially.
or concurrently, and the incidence seems to be greater than that
expected by chance. Among neoplasms, the incidence of hemato-
logical malignancies, especially acute leukemia and lymphoma, is
relatively ‘common. -Acute myeloid leukemia (AMLY) ' usually
develops after the completion of chemotherapy for LCH, whereas
lymphoma precedes LCH or occurs concurrently. The interval
between the diagnoses of LCH and AML averaged 5.5 years [7]. In
one case of lymphoma, LCH may represent a reaction to lymphoma
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Fig. 1. X-ray finding at the proximal right humerus. a: A periosteal reaction with destruction of the normal trabecular bone was found at diagnosis.

b: The osteolytic sign resolved completely at 1 year after the treatment.

cells because focal microscopic lesions of LCH are usually present  for patients with solitary LCH is not indicated. In this case, the
in the draining lymph nodes without any evidence of systemic patient did not receive an adjuvant therapy for LCH except for local
spread of LCH [6]. In another case, the same T cell receptor injection of steroid.

arrangement was identified in both the LCH and T cell acute

lymphoblastic leukemia (T-ALL) [14]. Only a few cases of REFERENCES

concurrent LCH and solid tumors other than malignant lymphoma
have been reported: 9 lung cancers and 1 stomach cancer in adults
{8—11] and 3 retinoblastomas and 1 neuroblastoma in children
[7,12,13]. The current standard for the initial treatment of patients
with LCH is to use the least toxic therapy. Systemic chemotherapy 2

Fig. 2. An enhanced computed tomography scan of the abdomen

showed tumor (80 mm x 73 mm x 66 mm) at the inferior pole of the left 8.
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