238

GH B e BRONBSHNEE SDS 4—F&EE-ar b o—ILR I F 4 —

B3 F
GH AR poghd GH a5 payiihes
n 57 57 57 57
6 BEBE ¥ oL GH Ja%E : : ' '
~2.61+0.39 | —2.60£0.39 | —2.68+0.47 | —2.68+0.49
BIiREEB & SDS
BASE (cm) 159.8+4.8 161.1%5.1 147.4£5.1 146.8+4.4
MASE SDS —1.90%0.8! | —1.66%£0.91 | —2.11%1.02 | —2.21%0.95
5E SDS nZE1L 0.71+0.77 0.94+0.93 0.57+0.85 0.4740.68
cm
170
160 o4
e
140 /5
130 of
120 —o— 10RERM ||
- 10~ 12
110 e 13~ 158 |
100

10 12 14 16 18 20 B
AERBER L BEESLURASERE

BEEPAOCTVAIRIZBLTR, BAFRRHE LTV EEZ SN

EHII R ERERNENTED 5D DK, RASECT 2REDESTD >hik
WERE, GH 8EZH B 75 EEZ o3 RASESEFHHBRERC
WMAEENS DB WS 2, GHD, non-GHD HESEFEBWTHED LA TWS,
T, RABRR2HET 2010k, BEHBEBRROSESLE{ T24ESH B,
HEDHREETIFIBREHCZNZDoRELR W B 1 &, RERERESD T —
FR—RAREFT LTz b DT, BT B CHREFAREDS 10 Bk, 10~12 8, 13~155%
DI N—T WS T TN TIEERER, BEHRGE, BRASEROFSEZ vy b
U7z, REFIRERREWIE CEEHGERMEL, BEHBBRERMEVERIT
HeND RASECR, BEAYENALNR Y, GHBENESEH2EDL LW Z
rit, BWEETEFRENBEZI L VWS LT, GHEEZ IV HHERED s
catch-up A WD, BEHFERFEREVIE» 645 L HEEHELED
lizoTLES LEZ6NE. BEHRHER» SERAFTRE COREHOMBTE, &L
DF -7 Tk GH B3 N7z GHD % #EXRED non-GHD BEERELENZ WO T,
GH #RL T b HASEOYEHSTD 5z,
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\I

=3 ZA*L.}':»H%’; non-GHD '1*:"1&%5 L?(‘H’é GH &

dose I helght SDS : !
‘ ; (mg/kg/wegek) F{ ';at §ta‘ﬁ |- PAH ' AH Af-start

Wit 1999 | 0.19 53. (FSS) ‘-2.6’; S =g 0.7
| 0z |3 WFSS) | =28 | ~13 | 15

Bernascovi 1997 | .. 0.21 T b =2s | =T | =T |
Leschek 2004 | - 0.23 . |22 . . |i=2.7- | =20 | —1.77 | 0.93
s placebo |11 =28 | —2.3 | —2.34 | 0.46
Hintz1999 | s m) | -2 | =25 | =T | 12
B ; o3 YT RN
MaCaughey1998 033 | 8® | -25 [ —1.8 | -l | 1.4
Wit2005 | 0028 o AT L] =3.26 |i—2i5 ‘ ‘
024»0 87 |16 - -2.6 | - v

031 i | =2 8 | -23 | -1 12°] 1.78

PSS, RIEMEEE, NFSS: FRAEEEE AH: HABE PAH. FARASE AH-star
RASE SDS & 5 EBIAE SDS &

BHYEOBAEBRENTED SN TR WERTIE, CH MBEOEERESERICHT 2
GH ¥, BASROBEIIIENL L LR L3220, L L, GH BE0 Bk
BABROEEZ T TREL, BHECEEERC catch-up T35 2 812X % QOL 0oHECH
3. BRENE KboTh, NESIZD L THEREEORBINS - 88, Fo LEL
FETHoREAL, QOLRERZEE2 603, 20 QOL BT 3z 2w, TH
ARBIRELEESEED GHBECB T 27y — Tk, BEETLEROUEBLESER
HT2EOR, WULOBS R EHEEEICBY S QOL ORENTED 5N T V59 UL,
BEAERWATARL, BESR HEEND 2 L Bbhi:. E5EICBIT5 QOL X, FHaE
ORI L3z, SBOMETH Y, BRESEEL TBLRTNERTRVETH S,

BxaE
D /MRS, MNEGL, RHEAEE i iEERESREXEBKERESREORK
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BACKGROUND. The treatment outcome of multifocal childhood Langerhans cell
histiocytosis (LCH) has not been satisfactory and has resulted in poor therapeutic
responses with high mortality and a high incidence of reactivation with late
sequelae. To overcome these issues, the Japan LCH Study Group-96 (JLSG-96)
protocol was conducted prospectively from 1996 to 2001 in Japan.

METHODS. Newly diagnosed children with multifocal LCH were classified into 2
groups: a single-system multisite (S5-m) group and a multisystem (MS) group.
All patients initially were treated on Protocol A, which consisted of 6 weeks of
induction therapy with combined cytosine arabinoside, vincristine (VCR), and
prednisolone (PSL) followed by 6 months of maintenance therapy. Patients who
had a poor response to the induction of Protocol A were switched to a salvage
regimen (Protocol B), which consisted of an intensive combination of doxorubi-
cin, cyclophosphamide, VCR, and PSL.

RESULTS. In total, 91 patients were treated, including 32 patients in the SS-m
group and 59 patients in the MS group. At the median 5-year follow-up, 96.9% of
patients in the SS-m group and 78.0% of patients in the MS group had good
response status. Diabetes insipidus developed in 3.1% of patients in the SS-m
group and in 8.9% of patients in the MS group. The overall survival rate at 5 years
for the SS-m and MS groups was 100% and 94.4% * 3.2%, respectively.
CONCLUSIONS. The JLSG-96 protocol attained very low mortality for pediatric
patients with multifocal LCH. Cancer 2006;107:613-9.

© 2006 American Cancer Society.
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angerhans cell histiocytosis (LCH) occurs primarily in childhood
and is a rare clonal disorder of Langerhans cell proliferation,
which is among the antigen-presenting cells that originate in bone
marrow.! LCH develops as unifocal lesions (28%) or multifocal
lesions (72%) at various sites, such as bone, skin, lymph nodes,
liver/spleen, thymus, central nervous system (CNS), etc.? Multifocal
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LCH lesions occur as a single-system multisite (SS-
m) type or as a multisystem (MS) type.

LCH can be managed by observation or local ther-
apy in patients who have unifocal LCH with generally
excellent outcomes; however, systemic chemothe-
rapy is required for patients who have multifocal LCH
lesions, which includes corticosteroids, vinblastine
(VBL), vincristine (VCR), etoposide (VP-16), 6-mercap-
topurine (6-MP), methotrexate (MTX), cytosine arabi-
noside (Ara-C), or a combination of these drugs® In
the literature, 5 reports are available that deal with
therapeutic trials (treatment studies) in >50 patients
with LCH who had multifocal disease.* In those stud-
ies, the median survival rate was 80% (range, from
71% to 93%),%® and the median survival rate among
patients who had organ dysfunction was especially
low (from 34% to 62%) in 3 early reports.>* Further-
more, a retrospective epidemiclogic survey that was
performed in Japan from 1986 to 1990% revealed that
nearly 20% of patients with multifocal LCH died.
These results clearly indicate the need for better clini-
cal trials. However, the optimal drug treatment combi-
nation and the optimum length of the treatment
remain to be determined. In particular, low induction
rates and high recwrrence rates after initial treatment
are associated with a poor prognosis in patients with
multifocal LCH.%® In addition, late sequelae, such as
diabetes insipidus (DI}, orthopedic complications, CNS
disorders, or secondary leukemia associated with VP-
16, also become major problems during or after sys-
temic chemotherapy.}®?

To overcome these unfavorable and unsatisfactory
treatment results in pediatric patients with multifocal
LCH, the Japan LCH Study Group (JLSG) conducted a
prospective, multicenter cooperative protocol (JLSG-
96) for these patients in Japan. The protocol confirmed
that the outcome of pediatric patients with multifocal
LCH can be improved by treatment with multidrug,
intensified chemotherapy.

MATERIALS AND METHODS

Patients

In total, 96 Japanese children of age <15 years with
newly diagnosed, multifocal LCH were registered con-
secutively for treatment on the JLSG-96 protocol be-
tween 1996 and 2001. Diagnoses were confirmed by
histopathologic findings in affected organs, which
were positive for either $-100, or CDla antigen, or
both. The patients were divided into 2 an SS-m group
and an MS group. The SS-m type was defined as mul-
tiple affected lesions in only a single organ, and the
MS type was defined as multiple affected lesions in
several organs. Bone lesion(s) accompanied by adja-

TABLE 1
Patient Characteristics
Characteristic §8-m group MS group
No. of patients 32 59
Male:female ratio 1517 30:29
Age at diagnosis, y
Median 23 03
Range 0.3-11 0-15
Follow-up, ¥
Median 52 50
Range ) 29-84 28-8.1
Involved organs (no. of patients)
Skin 1 48
Bone 29 39
Hematopoietic system® 0 27
Liver/spleen* 0 23
Lymph nodes 2 21
Lungs* 0 16
Thymus 0 6
Pituitary stalk 0 3
No. of patients with risk organ involvement (%) 0 4] (69.5)

$8-m indicates single-system multisite Jesions; MS, multisystem lesions.

* Risk organ involvement was defined as follows: for the Jiver/spleen, hepatomegaly or splenomegaly
judged on clinical findings (>3 cro under the costal marginj with or without functional impairment;
for the lungs, the presence of choracteristic findings on a chest computed tomography {CT) scan
with or without respiratoty symptoms; and, for the hematopuietic system, the presence of cytopenia
in the peripheral blood (as defined by Lahey'®) with ar without bone marraw changes.

cent soft tissue were defined as a single organ. Risk
organ involvement was defined as follows: for the
liver/spleen, hepatomegaly or splenomegaly judged
on clinical findings (>3 cm under the costal margin)
with or without functional impairment; for the lungs,
the presence of characteristic findings on a chest com-
puted tomography (CT) scan with or without respira-
tory symptoms; and, for the hematopoietic system,
the presence of cytopenia in the peripheral blood (as
defined by Lahey'®) with or without bone marrow
changes.

Of 96 registered patients, 5 patients were excluded
because of protocol violations (2 patients), misdiagno-
sis (1 patient), missing follow-up data (1 patient), or
death before the initiation of treatment {1 patient);
thus, 91 patients were eligible for the study, including
32 patients with SS-m type lesions (SS8-m group) and
59 patients with MS type lesions (MS group). Charac-
teristics of these 91 patients are shown in Table 1. The
median age at diagnosis was 2.3 years in the SS-m
group and 10 months in the MS group. In the SS-m
group, 29 patients (93.5%) had bone lesions, 2 patients
had lymph node lesions, and 1 patient had skin
lesions. In the MS group, skin was the most commonly
involved organ in 48 patients (81.4%), followed by bone
in 39 patients (66.1%). Three patients (5.1%) had DI at
diagnosis. Two-thirds of patients (69.5%) in the MS
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TABLE 2
Japan Langerhans Cell Histiocytosis Study Group-96 Protocol

Protocol A (induction and maintenance therapy for newly diagnosed patients)
Induction Arm A
Ara-C, VCR, and PSL (AraVP)
Ara-C (100 mg/m* per day as a 6-h diip) on Days 1-5
VCR (0.05mg/kg per day IV) on Dayl
PSL (2 mg/kg per day orally} on Days 1-5
Every 2 wk x 3 courses
Maintenance Arm A
a) AraVP
Ara-C (150 mg/m” per d as a 2-h drip) on Day 1
VCR (0.05mg/kg per d IV) on Dayl
PSL (2 mg/kg per d orally) on Days 1-4
b) MTX and PSL
MTX (1 mg/kg per d IV) on Dayl
PSL (2 mg/kg per d orally) on Days 1-3
Alternate every 2 wk {a,b,a,b) for 6 mo
Protocol B (salvage therapy for poor responders to Induction Arm A)
Induction Arm B
ADR, CPM, VCR, and PSL
ADR (35 mg/m’” per d 1) on Day 1
CPM (10 mg/kg per d 1V) on Days 1-5
VCR (0.05 mg/kg per d IV) on Day |
PSL (2 mg/kg per d orally) on Days 1-5
Every 2 wk x 3 courses
Maintenance Arm B
a) ADR, VCR, and PSL
ADR (35 mg/m" per d IV) on Day 1
VCR (0.05 mg/kg per d [V} on Dayt
PSL (2 mg/kg per d orally) on Days 1-5
b) MTX and PSL
MTX (3 mg/kg per d as a 1-h drip) on Dayl
PSL {2 mg/kg per d orally) on Days 1-3
¢) CPM, VCR, and PSL
CPM (10 mg/kg perd IV) on Day 1
VCR (0.05 mg/kg per dIV) on Dayl
PSL {2 mg/fkg per d orally) on Days 1-5
Alternate every 2 wk (abeb,ab.cb) for 6 mo

Ar-C indicates cytosine arabinoside; VCR, vincristine; PSL, prednisolone; [V, intravenous: MTX,
methotrexate; ADR, doxorubicin; CPM, cyclophosphamid

group had risk organ involvement. The patients were
followed for a median of 5 years (range, 2.8~8.4 years).

Treatment Protocols

All patients were treated initially on Induction Arm
A, which consisted of a 6-week treatment with com-
bined Ara-C, VCR, and prednisolone (PSL) followed by
6 months on the Maintenance Arm A regimen (com-
bined Ara-C, VCR, PSL, MTX, and PSL) for a total
treatment duration of 30 weeks (Table 2). The patients
who demonstrated a poor response in Induction Arm
A were switched to a salvage regimen, Induction Arm
B, which consisted of a 6-week, intensive combination
of combined doxorubicin (ADR), cyclophosphamide
(CPM), VCR, and PSL followed by 6 months on the
Maintenance Arm B regimen (alternating between
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combined ADR, VCR, PSL, combined MTX, PSL and
combined CPM, VCR, PSL every 2 weeks). For patients
who were switched to Arm B, the total duration of
therapy was 36 weeks, and the cumulative dose of
ADR was set at 210 mg/m?.

Evaluation Criteria

Treatment response was evaluated 6 weeks after the
start of induction therapy in all patients. A good re-
sponse (GR) at the 6-week evaluation was defined as
the disappearance of signs or symptoms of disease
except for radiologic findings of bone lesions (because
the complete resolution of bone lesions at this point is
not possible), a partial response (PR) was defined as
regression >50% of signs or symptoms of disease
without organ dysfunction and new lesions, a non-
response {(NR) was defined as regression <50% of signs
or symptoms of disease with or without organ dys-
function and the absence of new lesions, and progres-
sive disease (PD) was defined as progression in the
signs or symptoms of disease and/or the appearance
of new lesions. A GR and a PR to the Induction Arm
A regimen were considered responses, and a NR and
a PD were considered poor responses. A physician-
in-chief at each institute evaluated the treatment
response according to the protocol definition. How-
ever, when the evaluator had difficulty, the chairman
of the study center (S.I1.) was consulted to make a
final determination. Reactivation was defined as the
appearance of new lesions or enlargement of old
lesions. At the end of Maintenance Arm A or Arm B
therapy, patients were classified with an insufficient
response if they did not obtain a GR. Events were
defined at the time points of poor response to induc-
tion therapy, insufficient response, reactivation, sec-
ondary malignancy, and death.

Statistical Analyses

Event-free survival (EFS) and overall survival (OS) were
estimated by using Kaplan-Meier analysis, with the re-
sults presented as rates (%) = standard error, and risk
factors were compared by using the log-rank test. To
compare prognoses between patients with or without
risk organ involvement, the Fisher exact test was em-
ployed. P <.05 was considered statistically significant.

RESULTS

Treatiment outcomes for patients in the SS-m group
are shown in Figure 1. A GR was obtained with the
Induction Arm A regimen in all but 1 patient (96.9%).
This exceptional patient, who had NR, attained a GR
with the Induction Arm B regimen. Two patients had
reactivation during Maintenance Arm A treatment,
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Total 32 cases
Induction A

6 weeks
||
GR: 31 NR: 1
Maintenance A Induction B
6 months 6 weeks
v
, PR: 1
GR: 29 React: 2 Maintenance B
6 months
v
.79 syl e 5
GR: 22 React: 7 GR: 1

GR: 1 Reaciz 0

FIGURE 1. Treatment outcomes are illustrated for pediatric patients with
single-system, multisite Langerhans cell histiocytosis. React indicates reacti-
vation; GR, good response; NR, nonresponse; PR, partial response.
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FIGURE 2. Survival is illustrated for 32 pediatric patients with single-
system, multisite Langerhans cell histiocytosis. 0S indicates overall survival;
EFS, event-free survival.

and 7 patients had reactivation off therapy. The 5-year
OS rate was 100%, and the 5-year EFS rate was
68.5% = 8.3% in patients who received the Arm A pro-
tocol alone and 71.6% = 8.0% in patients who received
the Arm A and Arm B protocols combined (Fig. 2).
Treatment outcomes for patients in the MS
group are shown in Figure 3. Forty-five of 59 patients
(76.3%) had a GR/PR with the Induction Arm A regimen.
Among those 45 patients, 8 patients were switched to
other treatment regimens at the end of or before the
completion of Maintenance Arm A treatment because
of reactivation or insufficient response, whereas 37
patients (62.7%) attained a GR at the end of Mainte-
nance Arm A treatment. Finally, 17 patients (28.8%)

Total XY eases

Induction A

6 weeks
[
GR/PR: 45 NR/PIX: 14
AMaintenance A Induction B
6 months 6 weeks
GR: 37 React/insuf: 8 GR/PR: Y NR/PD: 3%%
Maintenance B
6 months
GR: 17 React: 20%
GR: 6 React/Insuf: 3
GR: 6 React: 0

FIGURE 3. Treatment outcomes are illusirated for pediatric patients with
multisystem Langerhans cell histiocytosis. React indicates reactivation; Insuf,
insufficient response; GR, good response; PR, partial response; NR nonre-
sponse; PD, progressive disease. A single asterisk indicates that 1 pafient died
of LCH, and double asterisks indicate that 2 patients died of LCH.

maintained a GR, whereas the remaining 20 patients
had reactivation off therapy. Among those 20 patients,
the time from the initiation of treatment to first reacti-
vation ranged from 9 months to 30 months (median,
13 months), the number of reactivations ranged from
1 to 4 (median, 1.5 reactivations), and the most fre-
quently reactivated organ was bone (55%), followed by
skin (45%), and pituitary gland (25%). The Induction
Arm B regimen was employed as treatment for the
majority of these patients. Table 3 shows that, in 14
poor responders to the Induction Arm A regimen,
9 patients (64.3%) subsequently had a GR/PR to the
Induction Arm B regimen. Among those 9 patients,
3 patients had reactivation or insufficient response
during Maintenance Arm B, and 6 patients attained
and maintained a GR. Of the 5 patients who did
not respond even to the Induction Arm B regimen,
2 patients were rescued with cord blood stem cell
transplantation, and 3 patients received treatment
with alternative combination chemotherapy, including
1 patient who was rescued and 2 patients who died of
disease. Taken together, a GR at any point of the clini-
cal course was documented in 53 patients (89.8%) in
the MS group. Among those 53 patients, 24 patients
(45.3%) experienced >1 episode of reactivation. The
5-year OS rate was 94.4% * 3.2%, and the 5-year EFS
rate was 28.8% = 5.9% in patients who received the
Arm A protocol alone and 39.0% *+ 6.3% in patients
who received the Arm A and Arm B protocols com-
bined (Fig. 4). In patients who had risk organ involve-
ment, the initial response rate to Induction Arm A and
the incidence of attaining a GR were low compared
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TABLE 3
Characteristics and Outcomes of Poor Responders to Induction Arm A
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Response to Response to Further treatment Outcome and survival,
Patient no. Age, Years Involved organs* induction B maintenance B and response months
117 0.4 S.IN, LIS, Lo, H PD — VBL/VP-16/PSL (PD) D5
64 0.8 LS H PD - CBSCT (GR) A (>66)
43 1.1 S,B,IN,L/S H NR - CSA/ADR/CPM/VCR/PSL (PD) D@®)
46 0.3 S Lu, NR — VBL/ADR/VP-16/PSL {GR) A(>77)
116 0.5 SBIN,TLS Lu B NR - CBSCT (GR) A (241)
70 0.8 S,B.H PR Insuf VBL/MTX/6MP/PSL (PR} A (>64)
90 5.2 TLlu PR React VBL/MTX/6MP/PSL (PR} A (259)
93 20 S LS B PR React VBL/MTX/6MP/PSL (GR) A (>64)
45 0.3 S, B, IN, Ly, PR GR - AT
91 0.3 S, B, Lu PR GR - A (>61)
51 0.7 S B IN LIS H GR GR - A (>74)
107 150 B, IN GR GR - A (>45)
122 2.3 S,B Lo H GR GR - A (>38)
126 2.2 S, B LuH GR GR — A(>37)
S, skin; LN, lymph node; L/S, liver/spleen; Lu, Jung; H, hematopoietic system; PD, progressive disease; VBL, vinblastine; VP16, etoposide; PSL, prednislone; D, died; CBSCT, cord blood hematopoietic stem cell

transplantation; GR, good response; A, alive; NR, nonresponse; CSA, cyclosporine A; ADR, doxorubicin; CPM, cyclophosphamide; VCR, vincristine; B, bone; T, thymus; PR, partial response; nsuf, insufficient

response; MTX, methotrexate; 6MP, 6-mercaptopuring; React, reactivation.
* Underlines indicate risk organs.

“
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FIGURE 4. Survival is illustrated for 59 pediatric patients with multisystem

Langerhans cell histiocytosis. 0S indicates overall survival; EFS, event-free
survival.

with patients who did not have risk organ involve-
ment (response to Induction Arm A: 28 of 41 patients
vs. 17 of 18 patients, respectively; P =.044; GR: 35 of
4] patients vs. 18 of 18 patients, respectively; P =.16).
However, the 5-year OS rate and the incidence of
reactivation or DI were similar between the patients
with and without risk organ involvement (91.6% =
4.7% vs. 100%, respectively; 14 of 35 patients vs. 10 of
18 patients, respectively, and 3 of 41 patients vs. 3 of
18 patients, respectively), whereas 5-year OS rate was
relatively better for responders than for poor re-
sponders to the Induction Arm A regimen (97.1% =+
2.9% vs. 85.7% = 9.4%, respectively; P =.065).

In the current study, no patients developed ser-
ious treatment-related toxicity that required disconti-
nuation of the protocol, and no patients developed
secondary malignancies. At the last follow-up, 31 of
32 patients in the SS-m group (96.9%) were classified
with a GR, and the remaining patient was classified
with stable but active disease off therapy. Conversely,
46 of 59 patients in the MS group (78.0%) were clas-
sified with a GR, 10 patients (16.9%) were classified
with stable but active disease (3 patients on therapy
and 7 patients off therapy), and the remaining
3 patients (5.1%) died of progressive disease. Two of
those deaths occurred in patients who were poor re-
sponders to the Induction Arm A regimen (see Table 3,
Patients 117 and 49). The remaining patient, who was
age 8 months and had hematologic involvement at
onset, initially had a GR to the Induction Arm A regi-
men and then had reactivation to bone 2.4 years after
onset. Although he was treated with the Induction
Arm B regimen, he died of multiple organ failure in
association with subsequent hematologic and hepatic
involvement. DI developed as long-term sequelae
after diagnosis in 1 patient (3.1%) in the SS-m group
and in 5 patients (8.9%) in the MS group. In total, DI was
noted in 9 of 91 patients (9.9%), including 1 patient in
the SS-m group and 8 patients in the MS group. Degen-
erative CNS disease developed in 3 patients, including
1 patient in the SS-m group and 2 patients in the MS
group. Details on these patients were published pre-
viously.!*
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DISCUSSION

Our therapeutic results appear to be comparable to
those from 2 protocol studies in pediatric patients
with LCH that were published previously: the Deutsche
Arbeitsgemeinschaft fiir Leukaemieforschung Histo-
cytosis X (DAL-HX)-83/90 protocol study and the
LCH-I protocol study. The former was a nonrando-
mized protocol in which patients who had single-sys-
tem and multisystem LCH received combined VBL,
VP-16, and PSL for 12 months,®'® and the latter was a
6-month randomized study in patients who had multi-
system LCH that compared the efficacy of VBL and
VP-16.° The intensity of the induction therapy regimen
was greater in the DAL-HX study than in the LCH-I
study. To our knowledge, the JLSG-96 study is the first
prospective, nonrandomized clinical trial in Japan for
pediatric patients with multifocal LCH. This trial con-
sisted 7.5 months of treatment on an induction regi-
men of combined Ara-C, VCR, and PSL, which was
used previously in a Dutch study,’® in association with
a combination of ADR, CPM, VCR, and PSL as the
salvage regimen. We chose these drug combinations,
because we expected to obtain better response rates
by avoiding VP-16, which is associated with a potential
leukemogenic adverse effect. The disease extent cate-
gories and response criteria that were used for analysis
in the current study were almost identical to those
used in the 2 studies described above.®*

The outcomes of out patients in the SS-m who
were treated on the JLSG-96 protocol were compar-
able to the results achieved in the DAL-HX study
{Table 4).'® The initial response rates and the inci-
dence of developing DI after diagnosis were similar
in both studies. None of the patients who had multi-
focal bone disease died. However, the reactivation
rates were relatively higher in our JLSG-96 study than
in the DAL-HX study (28.1% vs. 17.6%, respectively),
which may be associated with the shorter treatment
duration in our study (7.5 months vs. 12 months, re-
spectively). In our study, 7 of 29 patients (24.1%) had
reactivations, mostly occurring within 6 months off
therapy (Fig. 2). Because of the high reactivation rates,
our most recent protocol (JLSG-02) employs a longer
treatment duration of 1 year.

Conversely, the outcomes ameng patients in our
MS group who were treated on JLSG-96 were com-
parable with both the DAL-HX study® and the LCH-I
study® (Table 4). The rates of initial response and a
GR status at last follow-up in our study were as high
as those rates in the DAL-HX study but were better
than those rates in the LCH-I study. The incidence of
developing DI after diagnosis was approximately 10%
in all 3 studies. However, the mortality rate (5.1%)
was significantly lower in our study compared with

TABLE 4
Comparison of Treatment Results for Pediatric Patients with
Langerhans Cell Histiocytosis

SS-m group MS group

Variable DAL-HX*  JLSG-96  DAL-HX LCHI  JLSG-96
No. of patients 34 32 63 143 59
Median age at

diagnosis, y 39 23 0.9 15 03
Duration of

therapy, mo 12 75 12 6 75
Initial response

rate (%) 94.1 96.9 794 53.1 763
Reactivation after

CR () 176 281 30.0 50.0 453
Status at last follow-up (%)

CR! ND 969 794 545 780

Non-CR ND 31 16 252 16.3

Deaths 0 0 19.0 20.2 5.1
Survival (%)

Responders — — 94.0 934 97.1

Others — - 308 64.2 85.7
Developed DI

after diagnosis (%) 29 31 118 14.2 89
Secondary

malignancy (%) 0 0 0 14 0
Follow-up

(median years) 87 52 7.5 43 5.0

S8-m indicates single-systems multisite lesions; MS, multisystems lesions; DAL-HX, German-Austrian
Langerhans Cell Histiocytosis X Study; JLSG-96, Japan Langethans Cell Histiocytosis Study Group-96
Protocal, LCH-I, Langerhans Cell Histiacytosis Study T; CR, complete response; ND, not desciibed;
DI, diabetes insipidus.

* Patients with multifocal bone disease were extracted.

1 Evaluation at 6 weeks of initial therapy.

% A CR was defined as no active disease in the DAL-HX and LCH-1 studies and as s good response
in the JLSG-96 study.

the rates in the DAL-HX and the LCH-I studies
(approximately 20%), which were similar to the his-
toric Japanese data.”

The lower mortality rate in our study cannot be
explained by a greater proportion of low-risk patients,
because the majority of patients in our study were
younger (median age, 0.9 years) than patients in the
other studies and had risk organ involvement. When
the outcomes of patients who had risk organ involve-
ment were analyzed, initial response rates to Induc-
tion Arm A and the incidence of attaining a GR were
low, but the survival rate was similar to that of the
patients without risk organ involvement, indicating
that these high-risk patients subsequently were res-
cued by salvage therapy in our study.

Response to the initial 6 weeks of therapy report-
edly is an important indicator of survival®!” and
>90% of responders by 6 weeks survived in all 3 stud-
ies, whereas most of the patients who died were poor
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responders at 6 weeks (9 of 12 patients in the DAL-HX
study, 24 of 29 patients in the LCH-1 study, and 2 of
3 patients in the current JLSG-96 study). Increasing
the response rate at the induction of treatment and
the prompt rescue of poor responders to initial ther-
apy are imperative to improve therapeutic results for
pediatric patients with multifocal LCH. We applied
our Arm B protocol—a salvage regimen—for such
poor responders. This rescue protocol resulted in the
survival of 12 of 14 poor responders (85.7%) in our
JLSG-96 study. In contrast, 30.8% and 64.2% of poor
responders survived in the DAL-HX and LCH-I studies,
respectively. Thus, our very low mortality rates appear
to result at least in part from the high response rates
to the Induction Arm A regimen and the high rescue
rates with the Arm B regimen.

Some aspects of our the current results were unsa-
tisfactory, namely, the low EFS rate (<40%) and the
high reactivation rate (45.3%) in the MS group. To
improve the quality of life for pediatric patients with
LCH, we have modified our treatment protocol. Our
ongoing protocol (JLSG-02) has been revised as fol-
lows; first, we have increased the initial dosage of PSL
(2 mg/kg per day continuously for 4 weeks) from that
in the JLSG-96 protocol (2 mg/kg per day for 5 days
every 2 weeks); second, we added cyclosporine A to
the Arm B Induction regimen for patients with PD;
and third, we extended the treatment duration from
7.5 months to 1 year. Because rescuing patients with
PD who have MS-type LCH is crucial for improving
their survival rate, experimental trials that include
more aggressive therapy, such as combination che-
motherapy with 2-chlorodeoxyadenosine and high-
dose Ara-C' or hematopoietic stem cell transplanta-
tion with myeloablative or reduced intensity condition-
ings,'®% must be carried out carefully. These therapies
should be incorporated into future protocols for pa-
tients with refractory and progressive LCH in well de-
signed, large-scale clinical studies.
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A trial of central diagnosis of childhood acute lymphoblastic leukemia
with 4-color digital flow cytometer

Yusuke Shiozawa M.D., Ph.D."®?®, Noriko Kitamura Ph.D."?, Hisami Takenouchi Ph.D."?,
Tomoko Taguchi M.D., Ph.D."?, Hajime Okita M.D., Ph.D.", Yasuhide Hayashi M.D., Ph.D.*?,
Akira Ohara M.D., Ph.D.*®, Ryoji Hanada M.D., Ph.D.*", Masahiro Tuchida M.D., Ph.D.*9,
Junichiro Fujimoto M.D., Ph.D."¥, Nobutaka Kiyokawa M.D., Ph.D.*?

" Department of Developmental Biology, National Research Institute for Child Health and Development
? Central Diagnosis Center, Tokyo Children’s Cancer Study Group
»Department of Pediatrics, Juntendo University School of Medicine
“7Tokyo Children’s Cancer Study Group
¥ Gunma Children’s Medical Center
9Department of Blood Transfusion, Toho University Omori Medical Center
”Department of Hematology and Oncoldgy, Saitama Children’s Medical Center
® Ibaraki Children’s Hospital

Aim. We are in charge of the central diagnosis and cell preservatlon ‘as-a part of childhood dcéute lym-
phoblastic leukemia treatmierit study in Tokyo Children’s Cancer Study Group. It is necessary to diagnose
with a mxmmal quantity of specimen, to preserve leukemic cells effectively as possible. Therefore a diagnosis
of childhood actite lymphoblastic leukemia by four-color analysxs with dlgital flow cytometer has been exam-
ined.

Methods. We exammed cell markers of childhood acute Iymphoblastlc leukemla cells by four-color dnalysis
using digital flow cytometers. We selected the monoclonal antibodies for the diagnosis based on the recom-
méndation of Japan Pediatric Lymphoma Study Group and rhade out a pane! ‘of antibodies Wthh enablg us to
confirm aberrant antigen- expressions on the leukemic cells.

Results Fotir ¢olors that we used in this study were fiuorgscein isothyocyanate, phycoerythrin, phycoery-
thrin-cyanin 5.1, and- phycoerythrm cyanin 7. The most of childhood acute lymphoblastic leukemia cases
could be diagnosed without CD45- gatmg List‘mode compensation was useful to re-investigate specimens

~which was difficult to re-examine, because there were

very few.
VEVEEERY Y SRR B - SHUFIER Discussion. Four-color analysns using digital flow
3 TCCSG (RFMEAABIGRI N —T)  RABEIL> 5~ cytometer is useful to save precious spécimen of
Y JERERBEESE NEEF : childhbod acute Iymphoblastlc leukemia. We are
, Jecsa (ﬁ'md\ Eﬁf/vﬁf%'ﬁ V=7) intending to perform five-color analysis with CD45-
. HERV/PNEEREY ¥ — gating as a next step. -
RRREESHARRRE o o

"HERSANREREY - M- E%ﬂ _ SO :
U SR T 2 &b R ' Keyword: Flow cytometry; Multi-color analysis;

EHE  TRIsF6HsH SHA - PR1s&E6H 2 Childhood acute lymphoblastic leukemia.

11

— 460 —



AAT—FTTINTO—T A P A= F~F i \}%Elﬂlf‘? A — PRBEFDOHA

U &I

20044 12 A & W BtR E N REVNEAAIGE 7 v —
7 (Tokyo Children’s Cancer Study Group, TCCSG) @
ANBEMEY V3B A MR (Acute Lymphoblastic
Leukemia, ALL) 234 A SR L RIGFIEE 16RE
(TCCSG ALL L04-16) T, ZWOMGREMEE %k
b2 THIMBOMIE~Y —h —OFEBH 1T -
Tnb, Fiz, KERELSHOANFNEIARE
%?% EERBMC, AT r—AF-aresbE

B ETOMBRFESFRGS NIz, ZOPRBET A
%ﬁﬁ@&x& ELToREE, BRFERYE Y
¥ - B4 - ﬁﬂ[zﬁﬂ‘% HAELLTnD, 25
LG DM RETHIZ LR ERL, hOoFLES

W& L TRy 2EE e RET 5010, LERNE

DREETHEMICHE~— 1 BT ILEND
%o

FIT, bhvbhid, FUVINTO—H A P A~ —
(DG-FCM) & BH\V/z4 4 5 — BT TOMB~ — 7 —
W OHE B OWTHRE L,

7 *

A EMREAE, EEABLUONBALLESOMTED
BVIEFRERMEICH L, fluorescein isothyocyanate
(FITC), phycoerythrin (PE), PE-cyanin 5.1 (PC-5) ¥
7zt allophycocyanin (APC), PC-7%# B\ /240 5 — 2
& % 1T »», DG-FCM EPICS® XL™ ( BECKMAN
COULTER, Miami, FL) 8 & U Cytomics™ FC500
(BECKMAN COULTER) % F\» THE#T L 72,

£/ 7 0 —FHE (monoclonal antibody, MoAb)
DRV Japan Pediatric Lymphoma Study Group
(JPLSG) “/NRIEMZFEE O GREFNBHT OEE{LY
=XV IN—T" ORERREFEE 2 ERIL, Z0
MEBEELONAGMELEM, BRL . EAHE
RFRSIT B0, BBIMICEMICB lineage, T-lin-
eage, Myeloid-lineage, & FE-lineage, F1HH T O%
HAEDE, WNETEDHEEDE VI B-precursor ALL %
8% L TIER L7z (Table 1) aberrant ZHLEDFEHH
HERRTTRE 2 MoAb DM A G HLE X FEE L, minimal
residual disease (MRD) R b HEFIZANT, —E D
HEIOWTH Y U— Y REROBNIZL 2RHED

EIDOWTHRT A0, BHEOWGEGHHE L2, -

Cell surface

Cytoplasmic
ﬁﬂﬁﬂﬁm(Phammgen, le/Perm’?rfﬁﬁi)

BC 6607100

[[cD79a BC IM3455 CD3 .

HSL2® L UHSLO6 I, BRERERASMASEELRATMETR - RETLIF —S0F Bl—%Er 50501

Rz bO e, HAER L TRV TV,

BC, Beckman Coulterst. BD, Becton Dickinson#t. DK, Dako%t
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BE L, wihd, ETOHEFLETH-7,

(m%gm%K@LTM,UWU@W%T&é&(

SEEARET 2720, 2) BESHEORETH

CD45-gating # 7o CWADTINEHETHZ LA
W THHZ L, HEOBEHICL) ERBICHVEP-
YA

$7e, BEHED b HRBY~OREOR, AH

BAEOEFEICOWTHE, BREHEROREEZRESZOX
i, LOA-16ICBETARIIEAD 5 VI REZEDS
y7;~AF-:V%V¥%%tL?ﬁon60

: = #
EABEOER
PE% R — L3285 VFLEZEOPES ¥ Y H I
DRIARZOWT, RERLEICL hFREL2EF
AR B E 2 PR OB LEECERL 2H
CD4SHifETHts L TIRE Lo BAEDMOT ¥ > %
WADOFENAARE, Hl%ESM Photo multiplier tube
(PMT) DMRBICKELKETHLEAOND, 50
ORETTIE, XLTHIE LgE, BEOERERCS
WTid, PC-5OPE~NDERAAIZIZLALEDLR
Rdoi=h, PC-TOPENDRELAKIHENLET
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o 77, FC500 THIE L7254 121, PC-5 DPE~DR
NARIZDOVWTHETFHENLETH - /- (Figure 1),
phycoerythrin-Texas Red (ECD) &, PELMSMCZ S, 1
DF v ¥ A N~OEIGARSTR L, HEOHAEDE
12k o T, SEHENELWEANH o7,

PC-5 & APCO LB #4707z, CD3B L TFCD19IZD
WT, A—20—roiit thThOoBRTHE#EL
b OTR—DREEAREOLEERREEREL,
FC500 % B\ CHEMED KB % T o295, PC-5¢
APCTIZIZRSNHLHMEIE LNz, BLEDFKFRE
EONT, YNV P-TIT 2 ABEEPHPC-5
EHERCIRE L, TRICFITC, PE, PC-1%IMZ 72
4EEBEIRL7,

=G| DR

Ep 2 o —4ef, H5HIECD45-gating Z M X
}23% 5 — el L AR CTCIBHOOVWTWS
ANREMFREEBWT, 445 —RBI12 L5 5ai
* HBRE Lz, AUREBECHT 2546 TH-TDH,
Awasrzuo— itlo TSNP KRES RLE 54
bEEEINE, LPL, A—ru—r2HVEET
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