Table 3. Clinical trials of the interim PET-adapted strategy in patients with newly diagnosed limited- or advanced-stage Hodgkin lymphoma

Trial code

Clinical Trials.gov
identifier

Study group

Study design and patients

PET-adapted interventions

Limited stage
H10

HD16

HD17

RAPID

Advanced stage
HD18

S0816

NCT00433433

NCT 00736320

NCT 01356680

NCT 00943423

NCT 00515554

NCT 00822120

EORTC/GELA

GHSG

GHSG

CR-UK

GHSG

SWOG

PII
Both favorable and
unfavorable

PII

Favorable

PII
Unfavorable

Pl
No mediastinal bulk

PHI

Pl

Standard arm: two courses of ABVD followed by one
(favorable) or two (unfavorable) courses of ABVD
and consolidative RTx, irrespective of PET2 result

Experimental arm: two courses of ABVD followed by
one (favorable) or two (unfavorable) courses of
ABVD, then PET2
PET2 negative: no radiotherapy (favorable and

unfavorable)
PET2 positive: two courses of BEACOPP esc. and
consolidative RTx (favorable and unfavorable)

Standard arm: two courses of ABVD followed
consolidative RTx irrespective of PET2 result

Experimental arm: two courses of ABVD, then PET2
PET2 negative: no consolidative RTx
PET2 positive, consolidative RTx

Standard arm: two courses of BEACOPP esc. and two
courses of ABVD followed consolidative RTx,
irrespective of PET result after chemotherapy

Experimental arm: two courses of BEACOPP esc. and
two courses of ABVD, then PET
PET negative: no consolidative RTx
PET positive: consolidative RTx

Three courses of ABVD, then PET3
PET3 positive: another ABVD and consolidative RTx
PET3 negative: randomization

Consolidative RTx or not

Two courses of BEACOPP esc., then PET2

PET2 positive: randomization
Six courses of BEACOPP esc. or six courses of
BEACOPP esc and rituximab

PET2 negative: then randomization
Six courses of BEACOPP esc. or two courses of
BEACOPP esc.

Two courses of ABVD, then PET2

PET?2 positive: six course of BEACOPP esc.

PET2 negative: two courses of ABVD
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Table 3. Continued

Trial code

Clinical Trials.gov
identifier

Study group

Study design and patients

PET-adapted interventions

HD0607

HDO0801

RATHAL

AHL2011

NCT 00795613

NCT 00784537

NCT 00678327

NCT 01358747

GITIL

FIL

CR-UK

LYSA

Pill

Pl

Pl

PIHI

Two courses of ABVD, then PET2
PET2 positve: randomization
Eight courses of BEACOPP esc. or eight courses of
BEACOPP esc. and rituximab
PET2 negative: four courses of AVBD then
randomization
Consolidative RTx or not
Two courses of ABVD, then PET2
PET2 positive: followed by salvage high-dose
chemotherapy
PET2 negative: four more courses of AVBD then
randomization
Consolidative RTx or not
Two courses of ABVD, then PET2
PET2 positive: then randomization
Three courses of BEACOPP esc. or four courses of
BEACOPP 14
PET2 negative: then randomization
Four courses of ABVD or AVD
Standard arm: four courses of BEACOPP esc., then
PET4
PETH4 positive: salvage therapy as induction failure
PETH4 negative: two courses of BEACOPP esc.
Experimental arm: two courses of BEACOPP esc., then
PET2
PET2 positive: four courses of BEACOPP esc.
PET2 negative: four courses of ABVD

SWOG, Southwestern Oncology Group; GITIL, Gruppo Italiano Terapie Innovative nei Linformi; FIL, Fondazinone Ttaliana Linformi; CR-UK, Cancer Research UFK; LYSA, Lymphoma Study Association; ABVD,
doxorubicin, bleomycin, vinblastine, dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, predonisone, procarbazine; BEACOPP esc., escalared-dose BEACOPP; PET, positron
emission tomography; RTx;, radiation therapy; PET2, interim PET after two courses of chemotherapy; PET3, interim PET after three courses of chemotherapy PET4, interim PET after four courses of chemotherapy.
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regimen, followed by interim PET. If the interim PET is negative, the
patients will be treated with four more courses of ABVD. In the in-
terim PET is positive, treatment will be altered to six courses of
dose-escalated BEACOPP. This will be a multicenter clinical trial
and will require the infrastructure for real-time central review of PET
results as well as quality control of the PET technology at each local
site. The results of this trial might facilitate establishment of a more
patient-tailored treatment strategy for Japanese patients with HL.

Molecularly targeted therapy: antibody
therapeutic agents

Brentuximab vedotin

Brentuximab vedotin (BV) is an antibody—drug conjugate created by
using a linker to bind a potent tubulin inhibitor, monomethyl! aurista-
tin E (MMAE), to anti-CD30 monoclonal antibodies. BV targets
CD30, which is located on the surface of Hodgkin and Reed-Sternberg
cells. After binding to CD30, BV is quickly incorporated into the cell
and transported to lysosomes, where the linker is selectively cleaved.
The MMAE that is released inside the cell binds to tubulin and causes
apoptosis by inhibiting the G2/M phases of the cell cycle. Monother-
apy with BV showed a promising anti-tumor effect in a Phase [ trial of
recurrent and treatment-resistant CD30-positive lymphoma (41). Sub-
sequently, a Phase II trial was conducted in 102 patients with recurrent
and treatment-resistant CD30-positive HL following autologous hem-
atopoietic stem cell transplantation and concurrent high-dose chemo-
therapy, and BV monotherapy resulted in an excellent anti-tumor
effect (42). The response rate was 75% (complete remission rate,
34%), and the median duration of the response in the patients with
complete remission was 20.5 months. The most common AEs were
peripheral sensory neuropathy (42%), nausea {35%), fatigue (34%)
and neutropenia (19%), but incidence of Grade 3 or 4 events were lim-
ited (14% of neutropenia, 8% of peripheral sensory neuropathy and
2% of fatigue). In Japan, a Phase II clinical trial for treatment of
CD30-positive HL and anaplastic large cell lymphoma has been com-
pleted (43), and BV was granted health insurance coverage in April
2014. In Europe and the USA, several ongoing clinical trials are inves-
tigating the safety and efficacy of BV when used in combination with
chemotherapy to treat primary cases of CD30-positive HL A Phase I
clinical trial (44) showed that the combined use of the ABVD regimen

and BV was associated with a high incidence of lung disorders. No
lung disorders were reported when bleomycin was omitted from the
chemotherapy [i.e. when BV was administered concurrently with
AVD (doxorubicin, vinblastine and dacarbazine)]. Based on these re-
sults, a Phase III clinical trial is now in progress to compare the ABVD
regimen and the combination of BV and AVD regimen for the treat-
ment of primary HL. In addition, the administration of BV has been
investigated as maintenance therapy following autologous transplant-
ation and in combination with the BEACOPP regimen (Table 4).

Rituximab

Rituximab is not approved for treatment of HL, either in Japan or in
other countries. However, the use of rituximab to treat NLPHL in Eur-
ope and the USA has been explored (45-47). In addition, there are nu-
merous clinical trials in Europe and the USA that have incorporated
rituximab into the treatment regimen for CHL (48,49). At present, a
large-scale Phase III clinical trial in progress in Germany and Italy is
investigating the utility of regimens that include rituximab for treat-
ment of advanced-stage HL with poor prognosis (patients with posi-
tive interim PET findings, etc.).

Molecularly targeted therapy: small-molecule
drugs

Small-molecule drugs are being developed as molecularly targeted
drugs for HL. They include histone deacetylase inhibitors (HDACI)
and mammalian target of rapamycin (mTOR) inhibitors.

HDACIs

Based on the results of preclinical studies, HDACI are expected to be
effective for HL. A Phase II clinical trial showed that the efficacy of
vorinostat for the treatment of HL was limited (SWOG S0517) (50).
Clinical trials have also been reported for other HDACI, including
mocetinostat (51) and panobinostat (52). Panobinostat is an orally
administered pan-HDACI that inhibits Class I and Class Il HDACs.
It was studied in 129 patients with recurrent HL after high-dose
chemotherapy; 41% of those patients had become resistant to the
most recent administered chemotherapeutic agents. Panobinostat
was orally administered (40 mg three times/week), and 27% of the
patients responded (52).

Table 4. Clinical trials targeting CD30 of Hodgkin lymphoma (newly diagnosed and relapseAd cases)

Trial code Clinical Trials. Sponsor Study design and patients Intervention
gov identifier
AETHERA NCT 00433433 Seattle Genetics PIII For consolidation, randomize to placebo g3W (16
Relapsed HL who have courses) or brentuximab vedotin q3W (16 courses)
received ASCT in 45 days
Targeted NCT 01569204 University of Cologne PII Randomized to ECAPP-B (brentuximab vedotin) or
BEACOPP Newly diagnosed advanced ECADD-B (brentuximab vedotin)
HL
C250037 NCT 01712490 Millennium PII Randomized to ABVD or A(Adcetris)-AVD
Pharmaceuticals Newly diagnosed advanced
HL
NCI-2013-01273  NCT 01902160 NCI PI Brentuximab vedotin combined with temsirolimus
Relapsed
NCI-2013-01275  NCT 01896999  NCI Pl Brentuximab vedotin combined with ipilimumab
Relapsed

HL, Hodgkin lymphoma; ASCT, autologous stem cell transplantation; NCI, National Cancer Institute; ECAPP, etoposide, cyclophosphamide, doxorubicin,
predonisone, procarbazine; ECADD, etoposide, cyclophosphamide, doxorubicin, dexamethasone, dacarbazine.
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mTOR inhibitor

Everolimus, an mTOR inhibitor, is anticipated to show anti-tumor ef-
fects against various carcinomas. A small-scale Phase Il clinical trial
was performed in HL patients (53). The patients had previously
undergone a median of six treatment regimens, and 84% had received

high-dose chemotherapy. The complete response rate to everolimus
was 47 %.

Conclusion

The ABVD regimen was reported as the standard treatment for HL in
1992. Numerous clinical trials have been performed since then, but
they have not led to any change in the status of the ABVD regimen
as the standard treatment for HL. Escalated-dose BEACOPP regimens
show superior tumor control, but they are associated with a higher in-
cidence of AEs. For optimization of treatment methods for HL, it will
be necessary to develop a comprehensive treatment algorithm that
takes into account clinical and biological prognostic factors. The in-
corporation of interim PET might help to improve the management al-
gorithm for patients with HL In addition, molecularly targeted
therapies, such as BV, could lead to a paradigm shift in treatment strat-
egies for HL.
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Statistical Analysis of Relation Between Plasma Methotrexate Concentration and
Toxicity in High-Dose Methotrexate Therapy of Childhood NonHodgkin Lymphoma
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Background. Plasmamonitoring of Methotrexate (MTX) levels is a
standard approach to predict MTX-related toxicities in a high-dose
(HD) MTX monotherapy for childhood acute lymphoblastic leuke-
mia. However, it is uncertain whether plasma MTX levels can predict
MTX-related toxicity in the HDMTX plus additional chemotherapy
for childhood B-cell nonHodgkin lymphoma (B-NHL). Procedures.
To statistically analyze the relationship between MTX pharmacoki-
netic parameters and MTX-related toxicities, we collected data from
patients with delayed MTX elimination (>1uM at 48hr and/or
>0.5 .M at 72 hr) in the Japanese Pediatric Leukemia/Lymphoma
Study Group (JPLSG) BNHL 03 study. Blood MTX levels were
measured at 24, 48, and 72hr after 3 or 5g/m® HD-MTX
administration for 24 hr. Results. Three hundred and four patients
received 2~4 courses of the HDMTX plus additional chemotherapy,

Key words:

childhood; HDMTX; nonHodgkin lymphoma; toxicity

and delayed MTX elimination was observed in 165 courses of 127
patients. In those, nephrotoxicity was significantly correlated with
plasma MTX levels for each patient (P=0.03), and also for each
course (P=0.009), but no other toxicities were correlated. Another
analysis according to HDMTX courses showed no significant
correlation between the first high plasma MTX levels and subsequent
MTX levels in later course. It also showed that incidence of liver and
gastrointestinal toxicities was most frequent in the first HDMTX
course, and then sharply decreased in later courses (P<0.001).
Conclusions. Our results suggest that plasma MTX level is not a
reliable predictor for adverse events except for nephrotoxicity in
multiple HDMTX therapy courses in childhood B-NHL. Pediatr
Blood Cancer 2015;62:279~284. @© 2014 Wiley Periodicals, Inc.

INTRODUCTION

In the past two decades, treatment outcome of childhood B-cell
nonHodgkin Lymphoma (B-NHL) has been greatly improved by
using a short intensive multiagent regimen including high-dose
methotrexate (HDMTX), intermediate-dose cyclophosphamide
(CPA) and anthracycline [1-4]. Since this treatment rationale is
based on rapid elimination of tumor cells with short cell cycle time
by subsequent administration of multiple anticancer agents,
imprudent prolongation of treatment intervals or dose reduction
according to drug toxicity may increase the risk of treatment
failure [5-8]. Therefore, the balance between efficacy and adverse
events is one of the major clinical challenge to achieve a high cure
rate of the disease. Among the multiple drugs, MTX-related toxicity
may possibly be predicted based on plasma MTX levels in
childhood acute lymphoblastic leukemia (ALL), because HDMTX
is used as monotherapy in intensification and maintenance
phases [9,10]. However, it might be difficult to predict what kinds
of toxicities are associated with plasma MTX levels in a HDMTX
plus additional chemotherapy for childhood BNHL, because CPA
and anthracycline which are concomitantly used with HDMTX,
also induce various toxicities similar to MTX toxicities. In addition,
it is unknown whether high plasma MTX level is associated to a
particular patient, in other words, the first high MTX level is likely
to repeat in later HDMTX courses in a particular patient.

In this study, to answer those clinical issues, we statistically
analyzed the relationship between MTX pharmacokinetic param-
eters and MTX-related toxicities in patients with B-NHL treated by
the Japanese Pediatric Leukemia/Lymphoma Study Group (JPLSG)
B-NHLO3 protocol study [4].
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PATIENTS AND METHODS

Patients and Protocol Treatment

The protocol was conducted in 112 hospitals of the Japanese
Pediatric Leukemia/Lymphoma Study group (JPLSG) after approval
by each institution’s review board, and written informed consent was
provided by patients or legal guardians before treatment. A total of
346 untreated B-NHL patients under 18 years of age, were registered
to participate in the JPLLSG B-NHLO3 study (University hospital
Medical Information Network Japan, UMIN ID: C000000317)
between November 2004 and January 2011. Patients were stratified
into four therapy groups (G1, G2, G3, G4) based on Murphy’s stage,
tumor resectability and BM/CNS involvement. Chemotherapy
regimens are shown in supplemental Table SI. HDMTX was
administered to patients in regimen A (2A for G2, 3A for G3, and
4A1 and 4A2 for G4). G2 received four courses (2A — 2B, x2), G3
and G4 received six courses (3A — 3A — 3B, x2;4A1 —4A2 — 4B,
%x2) of chemotherapy regimens. Regimen A consisted of HDMTX,
dexamethasone, vincristine, intermediate-dose cyclophosphamide
(CPA), and pirarubicin (THP-adriamycin, THP). Patients in G2 and
G3 received 3g/m* HDMTX and those in G4 received 5g/m®
HDMTX. HDMTX was administered for 24hr and intravenous
hydration at a rate of 100ml/m?/hr with 4.3% glucose, NaHCO;
33 mEq/L, 1-Lactate 20 mEq/L, NaCl 35 mEq/L, and KCL 20 mEq/L
was initiated 12hr before the MTX infusion and was maintained
for 48 hr after the infusion. During this period, acetazolamide (125 mg
<5 years old or 250 mg >5 years old) was administered every 12 hr.
Urine pH was checked with each void and a bolus of NaHCO;
(8.4 mEq in 20 ml) was administered if the pH was <7.0. After 12hr
of MTX infusion, leucovorin (LV) 15 mg/rn2 was given orally every
6hr for a total of seven doses. When patients showed high plasma
MTX levels (>0.2 uM) at 72 hr, LV rescue was continued until MTX
concentration level decreased to less than 0.2 pM.

Measurements of Plasma MTX Concentration

Plasma MTX concentrations were determined by each institute,
and the measurements were performed by a monoclonal antibody-
based immunoassay (fluorescence polarization immunoassay,
FPIA) in 91 institutes, or by an enzyme multiplied immunoassay
technique (EMIT) in 21 institutes. Delayed MTX elimination was
defined as plasma MTX concentration >1pM at 48hr and/or
>0.5 pM at 72 hr after MTX administration. Since only one third of
the data of MTX concentrations at 24 hr after MTX administration
(the end of 24-hr infusion) was available and there were also no
sufficient sampling points between 24 and 48hr to calculate the
pharmacokinetic parameters of MTX, we could not analyze the
appropriate pharmacokinetic parameters including systemic clear-

ance (CLSYS) based on the two-compartmental model. We
therefore calculated the basic two parameters of MTX (elimination
rate constant (ke) and terminal half-life (t;,,)). The terminal slope of
MTX concentration (C) versus time (t), which represents ke,
was calculated as ke =[ln (C1)-In (C2)}/(12-11), where C1 and
C2 were concentrations at t1 (48hr) and 2 (72hr), respectively.
The t,, was calculated by dividing 0.693 by ke.

Statistics

Plasma MTX levels and toxicity data were prospectively
collected for each treatment phase and toxicity severity was graded
according to National Cancer Institute-Common Toxicity Criteria
(NCI-CTC) version 2.0. Continuous variables were summarized as
the mean+standard deviation (SD) or median (minimum,
maximum) and categorical variables were presented as numbers
and percentages. Correlation between the two variables was
estimated by Spearman’s correlation coefficient. The plasma
MTX concentrations in patients with an adverse event (AE) were
compared to those in patients without the AE by using Wilcoxon’s
rank sum test. In this analysis, one observation for each patient was
taken into account. The observation with the AE and the highest
concentration at 48 hr was preferentially used if a patient received
more than one course and had more than one observation.
Furthermore, log-transformed MTX concentrations were compared
between patients with and without AE using generalized estimating
equations (GEE) method [11] including AE (yes vs. no) and course
as factors, in order to take into account repeated measures of the
same patient. The presence (>grade 3) of toxicity (hepatic toxicity,
stomatitis, and infection) were analyzed using the GEE with
repeated-measures logistic regression model including nephrotoxi-
city (yes vs. no) and course as factors. We assumed an exchangeable
covariance matrix for the repeated-measures in the GEE analyses.
All tests were two-sided, and p values less than 0.05 were
considered to indicate statistical significance. Statistical analyses
were carried out using SAS 9.3 (SAS Institute, Inc., Cary, NC).

RESULTS

Pharmacokinetic Parameters

One hundred twenty seven patients out of a total of 304 patients
who received HDMTX therapy showed delayed MTX elimination.
MTX concentrations in patients with delayed MTX elimination are
summarized in Table I. Percentages of patients with delayed MTX
elimination by treatment groups were 26.2% in G2, 40.5% in G3,
and 62.2% in G4, respectively. The male to female ratio in patients
with delayed MTX elimination was more than double than patients
without delayed MTX elimination (107/20 = 5.35 vs. 123/54 =227,

TABLE . Summary of High Plasma MTX Concentrations at 48 and 72 hr After MTX Dosing*

MTX concentration at 48 hr

MTX concentration at 72 hr

Group No. of patients No. of courses Mean + SD Median (Min, Max) Mean + SD Median (Min, Max)
2 26 27 2.6342.25 1.86 (0.99, 11.00) 0.66 +£0.52 0.61 (0.08, 1.90)

3 45 53 341+£5.19 1.77 (0.80, 29.70) 1.024+1.55 0.44 (0.17, 8.23)
4 56 85 3.80+6.29 1.82 (0.93, 48.00) 1.06+1.79 0.54 (0.05, 11.00)

*>1 pM at 48 hr and/or >0.5 uM at 72 br after MTX administration.
Pediatr Blood Cancer DOI 10.1002/pbc
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Fig. 1. Correlation between blood MTX concentrations at 48 and 72 hr in patients with delayed MTX clearance (A). Correlation between blood
MTX concentrations in first and second courses at 48 hr (B). r denotes Spearman’s rank correlation coefficient.

P = 0,004 by Fisher’s exact test), and the ratios according to treatment
group were 5.5 in G2, 10.2 in G3, and 3.6 in G4. Thus, males with G3
showed the highest risk of delayed MTX elimination. However, there
was no significant difference in age between the two groups (mean of
years 8.8 vs. 8.8). MTX concentrations were widely variable between

patients at either dosage. MTX concentrations at 48 hr ranged from
0.99 t0 29.7 uM in the 3 g/m* HDMTX group, and 0.93 to 48 uM in
the 5g/m®> HDMTX group. There was a significantly positive
correlation between MTX concentrations at 48 and 72hr in each
patient (Fig. 1A). On the other hand, there was no significant

TABLE II. Relationship Between Plasma MTX Pharmacokinetics (MTX Concentration and MTX Half-Life) and Adverse Events

Adverse event (number of patients base)

Adverse event (number of courses base)

No, n=118 Yes, n=9 P* No, n= 156 Yes, n =9 p®
Nephrotoxicity >grade 2°
48 br 1.93 (0.80, 25.50) 6.17 (0.99, 48.00) 0.0307 1.81 (0.80, 25.50) 6.17 (0.99, 48.00) 0.009
72hr 0.53 (0.08, 9.89) 1.82 (0.35, 11.00) 0.0023 0.50 (0.05, 9.89) 1.82 (0.35, 11.00) <0.001
tyn (hr) 12.3 (4.5, 35.4) 14.1 (9.9, 42.6) 0.373 12.7 (4.5, 1571.7) 14.1 (9.9, 42.6) 0.318
Adverse event (number of patients base) Adverse event (number of courses base)
No, n =84 Yes, n =42 P* No, n= 120 Yes, n=44 PP
Hepatic toxicity >grade 3/4°
MTX 48hr 1.98 (0.80, 48.00) 1.91 (0.95, 15.00) 0.65 1.82 (0.80, 48.00) 1.82 (0.95, 15.00) 0.95
MTX 72hr 0.58 (0.08, 11.00) 0.59 (0.16, 6.00) 0.96 0.51 (0.05, 11.00) 0.53 (0.16, 6.00) 0.58
ty (hr) 12.6 (4.5, 35.4) 13.0 (8.0, 1,571.7) 1.00 12.8 (4.5, 35.4) 12.9 (8.0, 1,571.7) 0.26
Adverse event (number of patients base) Adverse event (number of courses base)
No, n =68 Yes, n =158 P? No, n=98 Yes, n=66 P
Oral mucositis >grade 3/4°
MTX 48 hr 1.86 (0.80, 48.00) 2.28 (0.95, 25.50) 0.38 1.69 (0.80, 48.00) 2.23 (0.95, 25.50) 0.25
MTX72hr 0.49 (0.08, 11.00) 0.60 (0.10, 9.89) 035 0.45 (0.05, 11.00) 0.59 (0.10, 9.89) 0.23
ty (hr) 12.9 (5.7, 35.4) 12.6 (4.5, 1,571.7) 0.83 12.8 (5.4, 35.4) 12.7 (4.5, 1,571.7) 0.23
Adverse event (number of patients base) Adverse event (number of courses base)
No, n=23 Yes, n = 103 P No, n =37 Yes, n=127 PP
Infection >grade 3/4°
MTX 48hr 2.03 (0.80, 48.00) 1.90 (0.93, 29.70) 049 1.90 (0.80, 48.00) 1.81 (0.93, 29.70) 0.56
MTX 72hr 0.70 (0.22, 11.00) 0.56 (0.08, 9.89) 031 0.50 (0.22, 11.00) 0.52 (0.05, 9.89) 0.25
tip (hr) 13.0 (10.0, 35.4) 12.4 (4.5,27.7) 048 129 (8.5, 35.4) 12.6 (4.5, 1,571.7) 0.74

Data are presented as median (min, max). n: number of patients or courses. *“Wilcoxon's rank sum test. "Generalized estimating equations method
for repeated log-transformed MTX concentrations. °NCI-CTC version 2.0.

Pediatr Blood Cancer DOI 10.1002/pbc
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correlation between MTX concentrations at 48 hr in the first and next
HDMTX courses in each patient (Fig. 1B).

Toxicities

In order to clarify what kinds of MTX toxicities are closely
associated with MTX pharmacokinetic parameters, we statistically
analyzed the correlation between the parameters (plasma MTX
levels and half-life (t,,,)) and MTX-related toxicities (stomatitis,
nephrotoxicity, hepatic toxicity, and infection). In this study, we
excluded hematological toxicity and CNS toxicity from the
analysis, because neutropenia >grade 3 was observed in almost
all (>98%) patients regardless of MTX levels, and CNS toxicity
>grade 3 occurred in only one case. In general, adverse events
(AEs) >grade 3 were collected for analysis, but serum creatinine
and proteinuria >grade 2 were used for nephrotoxicity because the
number of nephrotoxic AEs >grade 3 was very few (n=4) and
proteinuria has been shown to be a HDMTX-related nephrotoxicity
[12]. The number of patients with nephrotoxicity >grade 2 was
nine: five in grade 2, one in grade 3 and one in grade 4 with high
serum creatinine levels, and two in grade 2 with proteinuria. As
shown in Table II, only nephrotoxicity was significantly correlated
with higher MTX levels for each patient, and also for each course,
but other toxicities had no correlations to MTX levels. MTX half-
life showed no significant relation to any of the MTX-related
toxicities, We also analyzed statistical difference in the frequency of
other toxicities, such as hepatic toxicity, stomatitis and infection
between patients with nephrotoxicity and patients without
(Table III). These results showed that patients with nephrotoxicity
tended to have higher frequencies of hepatic toxicity, although the
difference did not reach significant levels.

Lastly, we studied the difference in incidences of severe
toxicities according to HDMTX courses in all patients of group 3
and group 4 (Fig. 2). Incidences of hematological toxicities did not
vary widely during the four courses. However, incidences of non-
hematological toxicities such as liver and gastrointestinal toxicities
showed a large variation during the courses: the incidence was the
greatest in the first course, and then sharply decreased in later
courses in both groups (P <0.001). In addition, the incidences
seemed to be unrelated with plasma MTX levels.

Modification of Protocol Treatments

In our study, treatment modifications according to delayed MTX
elimination were reported in 15 patients (2 in group 2, 4 in group 3,
and 9 in group4). Eleven of which had suffered from MTX-induced
nephrotoxicity with high creatinine levels (6 in grade 1, 3 in grade 3,
1 in grade 3 and 1 in grade 4). The modifications were as follows:
dose reduction or prolongation of treatment intervals of CPA and
THP in 8, withdrawal of CPA and THP in 2, reduction of HDMTX
dose (from 5to 3 g/mz) in the next HDMTX course in 3 (2 between
1st and 2nd course, one between 2nd and 3rd course), and
exchanging course 4A with course 4B withont HDMTX in 2. Of the
15 patients, 14 patients except one, who had CNS involvement,
survived without diseases. ‘

DISCUSSION

Recent pharmacokinetic and pharmacogenetic studies of
HDMTX treatment in childhood lymphoid malignancies have

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE IIL Incidence of MTX-Related Toxicities According to
Nephrotoxicity

Nephrotoxicity >grade 2

Group No Yes P?
Hepatic toxicity
Total Grade 3 36 (23.2) 3(333)
Grade 4 2(1.3) 2(22.2)
>grade 3/4 38 (24.5) 5 (55.6) 0.051
2 Grade 3 5 (20.0) 1 (50.0)
Grade 4 0 (0.0) 0 (0.0)
>grade 3/4 5 (20.0) 1 (50.0) 0.34
3 Grade 3 10 (20.4) 0 (0.0)
Grade 4 12.0) 1(33.3)
>grade 3/4 11 (22.4) 1(33.3) 0.79
4 Grade 3 21 (25.9) 2 (50.0)
Grade 4 1(1.2) 1 (25.0)
>grade 3/4 22 (27.2) 3 (75.0) 0.10
Oral mucositis
Total Grade 3 57 (36.8) 3 (33.3)
Grade 4 532 1(11.1)
>grade 3/4 62 (40.0) 4 (44.4) 0.84
2 Grade 3 5 (20.0) 1 (50.0)
Grade 4 1 (4.0) 0 (0.0)
>grade 3/4 6 (24.0) 1 (50.0) 042
3 Grade 3 20 (40.8) 1 (33.3)
Grade 4 0 (0.0) 1(33.3)
>grade 3/4 20 (40.8) 2 (66.7) 0.46
4 Grade 3 32 (39.5) 1(25.0)
Grade 4 4 (4.9) 0 (0.0)
>grade 3/4 36 (44.4) 1(25.0) 0.39
Infection
Total Grade 3 119 (76.8) 7 (77.8)
Grade 4 1 (0.6) 0 (0.0)
>grade 3/4 120 (77.4) 7 (77.8) 0.87
2 Grade 3 20 (80.0) 1 (50.0)
Grade 4 0 (0.0) 0 (0.0)
>grade 3/4 20 (80.0) 1 (50.0) 0.28
3 Grade 3 38 (77.6) 3 (100.0)
Grade 4 0 (0.0) 0 (0.0)
>grade 3/4 38 (77.6) 3 (100.0) NC
4 Grade 3 61 (75.3) 3 (75.0)
Grade 4 1(1.2) 0 (0.0)
>grade 3/4 62 (76.5) 3(75.0) 0.75

*Generalized estimating equations method for repeated adverse event
(>grade 3/4). NC: not calculated. Data are n (%).

shown significant relations between polymorphisms in genes
coding for enzymes involved in folate metabolisms and MTX-
related toxicities. However, individual prediction of MTX toxicity
and dose adjustment of HDMTX based on pretreatment genotyping
do not reach a practical use [13-15] and routine monitoring of
plasma MTX concentrations still has an important role to predict
MTX toxicities in clinical practice.

In the present study, we analyzed the relation between MTX
pharmacokinetics and MTX-related toxicities in the HDMTX plus
additional chemotherapy for childhood B-NHL. We found that
plasma MTX levels were significantly correlated with nephrotoxi-
city (creatinine and/or proteinuria >grade 2), but not other
toxicities. MTX half-life was not associated with any toxicity.
These results suggest that MTX-induced nephrotoxicity could be
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caused by the long-time exposure to high plasma MTX levels
during 48-72 hr, but is not related with MTX half-life determined in
the elimination phase in our study.

Very few studies have been reported on nephrotoxicity of
HDMTX in lymphoma patients [12,16]. May et al. [16] retrospec-
tively studied the incidence of nephrotoxicity in adults with
lymphoma, and reported a 21% (37/179 courses) incidence of
nephrotoxicity with creatinine >grade 2 in patients associated with
delayed MTX elimination. This was five times higher than 4%
(7/165 courses) incidence of nephrotoxicity in our study. This
discrepancy may be due to the difference in age of patients between
the two studies. They also suggested that renal toxicity was not
related to delayed MTX elimination, because the ratio (20%) of
nephrotoxicity of patients who do not have was the almost same as
patients with delayed MTX elimination. However, this is not
consistent with our findings, because the incidence of nephrotoxi-
city >grade 2 in patients without delayed MTX elimination was 0%
in our study (data not shown). Lack of correlation between delayed
MTX elimination and other toxicities was rather unexpected. This
finding suggests that MTX-related toxicities such as stomatitis,
hepatic toxicity and infection are affected by CPA and THP as well
as MTX in the HDMTX courses in childhood B-NHL treatment.

In our study, delayed MTX elimination was significantly
associated with male sex. This finding is inconsistent with some
HDMTX studies in childhood ALL, in which female sex has been
reported to be associated with high MTX concentrations or low

Pediatr Blood Cancer DOI 10.1002/pbc

MTX clearance [17,18], whereas other studies have shown that
gender is not significantly associated with MTX concentrations or
pharmacokinetic polymorphism in childhood ALL [19,20]. Thus,
the role of gender in MTX pharmacokinetics still remains to be
elucidated in childhood ALL. In childhood NHL, our results may
provide actionable observation that male sex has two times higher
risk than female to suffer delayed elimination of MTX in HDMTX
therapy, although male sex was not an unfavorable prognostic factor
in outcome [4].

There was no significant relation between the first high plasma
MTX levels and subsequent MTX levels in the later HDMTX
course. This finding showed that there was a wide intra-individual
variability of blood MTX levels as previously described by
others [21]. Since MTX is primarily eliminated by kidney,
creatinine clearance may reflect blood MTX levels. However,
there have been controversial studies for relation between
creatinine concentrations and plasma MTX levels. One study of
children who received 3 or 5g/m” of HDMTX has shown a
positive correlation between serum creatinine concentrations and
blood MTX levels [22] whereas, another study for children who
received 1 or 2 g/m?' failed to show the positive association [21].
Although creatinine clearance is not steady, it is unlikely that
creatinine clearance may change during administration of HDMTX,
since all patients were strictly monitored and maintained a high
urine output and urinary alkalization during HDMTX administra-
tion in our study. From the point of view of clinical practice, we
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infer that the first episode of delayed MTX elimination does not
predict subsequent high MTX levels in later HDMTX courses. This
is also supported by the study of Hempel et al., in which they
showed that glomerular toxicity at the end of HDMTX can be
completely reversed until the next HDMTX course [12].

The last finding was that the first HDMTX courses had a great
incidence of liver and gastrointestinal toxicities followed by a sharp
reduction of the incidence in later courses. These results may be
explained by the plasma folate concentrations in HDMTX courses.
Valik et al. [23] reported a severe encephalopathy occurred at the
first HDMTX course but not the second course in a male with
acute leukemia, where pretreatment plasma folate concentrations
were low before the first HDMTX course and then 10-fold higher
before the second course. In addition, Sterba et al. [24] showed the
plasma folate concentrations increase significantly with increasing
number of HDMTX courses in children with ALL and NHL, and
they suggested that the increasing folate baseline concentration
could be caused by repetitive LV administration. Similar result was
reported in osteosarcoma patients [25]. Consequently, low frequen-
cies of gastrointestinal and liver toxicity in later HDMTX courses in
our study may be explained by the difference of pretreatment folate
levels according to HDMTX courses, although plasma folate levels
were not available in our study. In contrast to the non-hematological
toxicities, incidence of hematological toxicity showed few changes
by the HDMTX courses and plasma MTX levels, suggesting that
hematological toxicity was more affected by CPA and THP than
HDMTX. This finding shows the need of prophylaxis and
countermeasure for patients with neutropenia to prevent developing
severe infections throughout the HDMTX courses.

In this study we employed a 24-hr infusion of HDMTX.
However, recent studies have shown the efficacy of 4-hr infusion of
HDMTX for childhood B-NHL. Woessmann et al. [26] compared
the 4-hr infusion and 24-hr infusion of HDMTX in the NHL-
BFM95 study and concluded that a 4-hr infusion is not inferior to,
but less toxic than, a 24-hr infusion for low- and intermediate-risk
patients. In addition, Cairo et al. [27] have reported that a 4-hr
infusion of HDMTX resulted in a favorable ontcome for high-risk
BNHL patients in the FAB/LMB96 study. Consequently, 4-hr
infusion of HDMTX should be considered in our next studies.

In summary, we did not find evidence for relation between
plasma MTX levels and MTX-related toxicities except nephrotoxi-
city. This suggests that when high blood MTX levels are associated
with nephrotoxicity, the occurrence of other developing toxicities
should be taken into consideration. In addition, the first HDMTX
administration was associated with a great incidence of gastroin-
testinal and liver toxicities followed by a reduction of the incidence
in later courses. Hence, these findings suggest that the first episode
of severe non-hematological toxicity does not predict the
recurrence of severe toxicities in later courses.
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Summary

To evaluate haematopoietic stem cell transplantation (HSCT) in children
and adolescents, we reviewed the records of 47 patients who were
<18 years, had relapsed or refractory anaplastic large cell lymphoma, and
received HSCT between 1990 and 2010. At HSCT, complete remission
(CR) was less common in allogeneic HSCT recipients (n = 24) than in
autologous HSCT recipients (n = 23) (P = 0-01). The autologous and allo-
geneic HSCT groups differed in terms of 5-year event-free survival (EES)
(38% vs. 50%, P = 0-63), cumulative incidence of progress or relapse (49%
vs. 28%, P =0-25), and treatment-related mortality (12% vs. 25%,
P = 0-40). However, these differences were not significant. Patients with
non-CR at autologous HSCT had a significantly lower EFS rate (14% vs.
48%, P = 0-03). Conversely, although those with non-CR at allogeneic
HSCT had a lower EFS rate, this was not significant (44% vs. 63%,
P = 0-26). Reduced-intensity conditioning regimens were used for three of
the 16 allogeneic HSCTs received by patients with non-CR. These three
patients achieved CR, surviving 32-65 months after HSCT. These results
demonstrated that allogeneic HSCT might be a treatment option for
patients who do not achieve CR through conventional chemotherapy.

Keywords: anaplastic large cell lymphoma, children, adolescents, haemato-
poietic stem cell transplantation, reduced-intensity conditioning.
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Anaplastic large cell lymphoma (ALCL) is rare in children,
accounting for 10-15% of childhood non-Hodgkin
lymphoma cases (Murphy, 1994). The event-free survival
(BFS) rate is 65-75% in children and adolescents receiving a
first-line strategy based on short-pulse chemotherapy over a
period of 3-6 months (Brugieres ‘et al, 1998, 2009a; Seide-
mann et al, 2001; Le Deley et al, 2010). Accordingly, the
relapse rate is approximately 30% in most study series. The
treatment of relapsed and refractory ALCL remains a matter
of debate. Patients with relapsed ALCL have a 30-60%
chance of survival under current treatment strategies, which
include high-dose chemotherapy with haematopoietic stem
cell transplantation (HSCT) and long-term treatment with
vinblastine (Brugitres et al, 2000, 2009b; Williams et al,
2002; Mori et al, 2006; Woessmann et al, 2006; Stockklaus-
ner et al, 2008; Gross et al, 2010). In contrast, patients who
experience ALCL progression during first-line chemotherapy
have extremely poor outcomes (Woessmann et al, 2006) and
autologous or allogeneic HSCT is required as the most
appropriate therapy.

Some evidence is available regarding the roles of autolo-
gous and allogeneic HSCT in paediatric ALCL. However,
data are limited to several HSCT case series and case
reports. In particular, few reports have been published
regarding allogeneic HSCT for paediatric ALCL. We previ-
ously reported a retrospective analysis of 26 paediatric
patients with recurrent ALCL in Japan (Mori et al, 2006).
In that study, only three of the eight patients who received
autologous HSCT while in their second complete remission
(CR) survived without further relapse. In contrast, all six
patients who received allogeneic HSCT while in their
second CR survived without further relapse. However, our
previous study included too few patients for us to discuss
the efficacy of HSCT for relapsed or refractory childhood
ALCL.

In the present study, we sought to evaluate the efficacy of
HSCT for relapsed or refractory ALCL in children and ado-
lescents. We performed a further retrospective analysis of 47
pétients who received autologous or allogeneic HSCT for
relapsed or refractory ALCL between 1990 and 2010.

Patients and methods

Patients and transplantations

This study was approved by the institutional ethics committee
of National Kyushu Cancer Centre. Data on patients who had
undergone HSCT were collected from the registries belonging to
the Transplant Registry Unified Management Program system
of the Japan Society for Hematopoietic Cell Transplantation.
The study included 47 patients who had a diagnosis of relapsed
or refractory ALCL and received HSCT at age <18 years
between March 1990 and September 2010. Twenty-three
patients received autologous HSCT and 24 patients received
allogeneic HSCT. Refractory disease was defined as progression
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during fist-line treatment. Reduced-intensity conditioning
(RIC) regimens were defined as (a) total body irradiation of
<500 cGy as a single fraction or <800 cGy if fractionated, (b)
<9 mg/kg of busulfan, (c) <180 mg/m® of melphalan, (d)
<10 mg/kg of thiotepa, or (e) the BEAM regimen (carmustine,
etoposide, cytarabine and melphalan), according to previous
reports (Yaniv & Stein, 2008; Giralt et al, 2009; Ohta et al, 2010;
Luger et al, 2012). All other conditioning regimens were defined
as myeloablative conditioning (MAC) regimens.

Statistical analysis

Overall survival (OS), EFS, cumulative incidences of relapse
and treatment-related mortality (TRM) were estimated using
the Kaplan—Meier method. The Mann-Whitney U test, x-
test, and Fisher’s exact test were used to assess differences in
patient characteristics. The level of statistical significance was
set at P < 0-05. All analyses were performed using spss ver-
sion 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Autologous HSCT

The patients’ characteristics are shown in Table I. Twenty-
three patients received autologous HSCT for relapsed or
refractory disease as their first transplantation. The median
follow-up duration for survivors after autologous HSCT was
154 (range: 9-224) months. The median age at HSCT was 15
(range: 7-18) years. Sixteen patients had achieved CR at HSCT
and seven patients had residual disease. Bone marrow and
peripheral blood were the stem cell sources in three and 20
patients, respectively. Engraftment was observed in 23 (100%)
cases, occurring at a median of 12 d. The 5-year cumulative
incidence of relapse was 49% + 11% (Fig 1A). Treatment-
related death occurred in three of the patients who received
autologous HSCT and the 5-year cumulative incidence of
TRM was 12% =+ 9% (Fig 1B). Two of the three patients died
of infectious complications and one patient died of multiple
organ failure. The 5-year OS and EFS rates were 51% =+ 11%
and 38% = 10%, respectively (Fig 2A, B). We observed 5-year
EFS rates of 48% == 13% and 14% = 13% for patients with
CR and non-CR, respectively, at autologous HSCT (Fig 3A),
which constituted a significant difference (P = 0-03).

Allogeneic HSCT

Twenty-four patients received allogeneic HSCT for relapsed
or refractory disease (Table I). The median follow-up
duration for survivors after allogeneic HSCT was 68 (range:
32-212) months. The median age at HSCT was 13-5 (range:
3-18) years. Of the 24 patients, four had received previous
autologous HSCT. Eight patients had achieved CR at HSCT
and 16 patients had residual disease (Table I). The sources of
stem cells were bone marrow in 13 patients, cord blood in

© 2014 John Wiley & Sons Ltd
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Table 1. Characteristics of patients with relapsed or refractory ALCL
according to the receipt of autologous or allogencic HSCT.

Autologous Allogeneic P
Patients (n) 23 24
Age at HSCT (years)
Median 15 13.5 0-27
Range 718 3-18
Sex
Male 17 21 024
Pemale 6 3
Stage at diagnosis
1 0 0-36
11 3 4
11 1 6
v 4 8
Unknown 4 6
Disease status at HSCT
CR2/CR=3 14/2 5/3 0-01
Non-CR 7 16
Conditioning
TBI/TLI based 711 17/1 0-06
Non-TBI based 15 6
Stem cell source
BM 3 13
PB 20 5
CB 0 6
Donor
MRD - 7
MUD - 2
MMRD - 6
MMUD - 7
Unknown - 2

HSCT, haematopoietic stem cell transplantation; CR, complete
remission; BM, bone marrow; CB, cord blood; PB, peripheral blood;
MRD, matched related donor; MUD, matched unrelated donor;
MMRD, mismatched related donor; MMUD, mismatched unrelated
donor; TBI, total body irradiation; TLI, total lymphoid irradiation.

six patients and peripheral blood in five patients. Seven
patients had human leucocyte antigen (HLA)-matched
related donors, and two patients received stem cells from
HLA-matched unrelated donors. Thirteen patients had HLA-
mismatched donors. Engraftment was observed in 21 (88%)
cases, occurring at a median of 17 d. Two patients died of
infection and one died of disease progression before engraft-
ment. The 5-year cumulative incidence of relapse was
28% = 10% (Fig 1A). Treatment-related death occurred in
five patients; four patients died of infectious complications
and one patient died of acute graft-versus-host disease
(GVHD). The 5-year cumulative incidence of TRM was
25% =+ 10% (Fig 1B). Acute GVHD of any grade occurred
in 13 patients, nine of whom had grade II-IV GVHD. The
5-year OS and EES rates were 54% =+ 10% and 50% =+ 10%,
respectively (Fig 2A, B). Seven of 24 patients had multiple
relapses before their HSCT; the 5-year EFS rates among

patients with and without multiple relapses were

© 2014 John Wiley & Sons Ltd
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43% & 19% and 53% - 12%, respectively (P = 0-67). We
observed S-year EFS rates of 63% = 17% and 44% =+ 12%
among patients with CR and those with non-CR respectively,
at allogeneic HSCT (Fig 3B), which did not constitute a
significant difference (P = 0-13).

At HSCT, CR was less common among allogeneic HSCT
recipients than it was among autologous HSCT recipients
(P = 0-01). However, there were no significant differences
between the autologous and allogeneic HSCT patients in
terms of cumulative incidence of relapse (P = 0-25), cumula-
tive incidence of TRM (P = 0-40), 5-year OS (P = 0-95) or
S-year EFS (P = 0-63).

RIC regimens

Of the 24 patients in the allogeneic group, four underwent
allogeneic HSCT using RIC. Their outcomes are shown in
Table II. One of the four patients died of bacterial infection
and the other three patients survived in CR without relapse
after allogeneic HSCT. Interestingly, none of these three
patients were in CR at HSCT.

Discussion

Currently, the efficacy and toxicity of HSCT are poorly
defined for childhood cases of relapsed or refractory ALCL.
Evidence is especially lacking in regards to the efficacy and
toxicity of allogeneic HSCT. The present study included 23
patients who underwent autologous HSCT and 24 patients
who underwent allogeneic HSCT. Each of the patients was a
child or adolescent who had relapsed or refractory ALCL and
underwent HSCT in Japan. This report comprises the largest
cohort concerning allogeneic HSCT for relapsed or refractory
ALCL in childhood.

The Berlin-Frankfurt-Munster (BFM) cohort had efficacies
of autologous HSCT (77% OS and 59% EFS among 39 chil-
dren with relapsed ALCL) that lie at or above the upper range
of previously reported series (Woessmann et al, 2011). In
national case series from the United Kingdom and France, one
of six and nine of 15 patients stayed in continuous CR (Bru-
gieres et al, 2000; Williams et al, 2002; Woessmann et al,
2011). The Center for International Blood and Marrow Trans-
plant Research (CIBMTR) has reported another large series of
autologous HSCT's that were performed for ALCL, noting an
EFS of 35% in 24 patients (Gross et al, 2010). Previously, we
have reported a retrospective analysis of relapsed ALCL, which
included 26 patients in Japan (Mori et al, 2006). Three of the
eight patients who underwent autologous HSCT survived in
continuous CR. In the current study, the 5-year OS rate, EFS
rate and cumulative incidence of relapse among the 23
patients who underwent autologous HSCT were 51%, 38%
and 49%, respectively. These results are similar to the findings
of a previous CIBMTR report (Gross et al, 2010). In a study
of 64 adult and paediatric cases of autologous HSCT for
ALCL, Fanin er al (1999) reported that disease status at HSCT
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Fig 1. The cumulative incidence of relapse (A) and treatment-related mortality (B) according to autologous and allogeneic haematopoietic stem
cell transplantation.
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Fig 2. Overall survival (A) and event-free survival (B) according to autologous and allogeneic haematopoietic stem cell transplantation.
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Table II, Details and outcomes of patients treated with reduced intensity conditioning and allogeneic HSCT.

Status Age at Stem cell  Conditioning GVHD aGVHD  Extensive Follow-up
Patients  at HSCT ~ HSCT (years)  Donor  source regimen prophylaxis ~ (Grade) c¢GVHD  Outcome  {months)
1 PR 3 uD CB TLI 2 Gy, Flu, Mel  Tac, MTX  1II - CR 32
2 PR 9 ubD CB Flu, Mel Tac, MTX I - CR 65
3 CR 18 ub BM Flu, Mel, ATG Tac, MTX 0 NA TRM 5
4 PR 16 up BM Bu, Flu Tac, MTX 1 + CR 33

HSCT, haematopoictic stem cell transplantation; CR, complete remission; PR, partial remission; UD, unrelated donor; BM, bone marrow; CB,
cord blood; TLI, total lymphoid irradiation; Bu, busulfan; Flu, fludarabine; Mel, melphalan; ATG, antithymocyte globuling GVHD, graft-versus-
host discase; Tac, tacrolimus; MTX, methotrexate; aGVHD, acute GVHD; ¢GVHD, chronic GVHD; TRM, treatment-related mortality; NA, not

applicable.

had predictive value for OS and EFS. In the current study, the
EES of the patients with CR at autologous HSCT was signifi-
cantly higher than that of the patients with non-CR at autolo-
gous HSCT. Brugieres et al (2000) reported that an interval of
<12 months between diagnosis and relapse was associated
with a higher risk of failure for the treatment of relapsed
ALCL, including autologous HSCT. However, our cohort did
not provide sufficient data to compare the risk of failure with
the interval between diagnosis and relapse.

The role of allogeneic HSCT has not been defined for cases
of childhood ALCL. The currently available evidence is lim-
ited to a few reports. The BEM group reported a series of 20
paediatric patients who underwent allogeneic HSCT for
relapsed or refractory ALCL, finding a 75% 3-year EFS
(Woessmann et al, 2006). Twelve of the patients in this study
were in CR at HSCT. The CIBMTR has reported another large
series of allogeneic HSCTs that were performed for ALCL,
observing an EFS of 46% for 12 relapsed or refractory patients
(Gross et al, 2010). Giulino-Roth et al (2013) also reported
the cases of 13 paediatric patients with ALCL, eight of whom
underwent autologous HSCT and five of whom underwent
allogeneic HSCT. The OS and disease-free survival rates were
83% and 77%, respectively. Although our previous study
noted that all six patients who underwent allogeneic HSCT
during their second CR survived without further relapse
(Mori et al, 2006), 5-year OS and EFS rates were limited to
54% and 50% in the present study. Patients who underwent
allogeneic HSCT while in CR accounted for only eight of the
24 cases. Indeed, the rate of CR at HSCT was lower in the
current study than in previous reports of allogeneic HSCT. In
the present study, we found no significant difference in EFS
according to disease status (CR or non-CR) at allogeneic
HSCT. However, the low CR rate at allogeneic HSCT might
be associated with the survival rate in the current study,
which was lower than the rates noted in previous reports.

In the present study, we observed a 25% TRM rate among
patients who underwent allogeneic HSCT for relapsed and
refractory disease. Although the cumulative incidence of
TRM for allogeneic HSCT was higher than that for autolo-
gous HSCT, the difference was not significant (P = 0-40)
(Fig 1B). Several investigations have shown that RIC
followed by allogeneic HSCT has the potential to reduce

© 2014 John Wiley & Sons Ltd
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TRM and long-term toxicity in cases of malignant and non-
malignant diseases (Carella et al, 2000; Dreger et al, 2003;
Jacobsohn et al, 2004; Bradley et al, 2007). The BFM cohort
of allogeneic HSCTs included one case in which an RIC regi-
men was administered to a patient with ALCL. The RIC regi-
men comprised total lymphoid (2 Gy),
fludarabine and melphalan (Brugieres et al, 2000). Another
case in which an RIC regimen [thraco-abdominal irradiation
(2 Gy), ftudarabine and melphalan] was used has also been
reported (Ohta er al, 2010). Both of these patients survived
in continuous CR following allogeneic HSCT. In the present
study, four patients received an RIC regimen followed by
allogeneic HSCT. Of these four patients, three were in
non-CR at allogeneic HSCT, yet survived in CR for
32-65 months without relapse after HSCT. These results sug-
gest that RIC for relapsed or refractory ALCL may be useful
in cases involving allogeneic HSCT, regardless of disease sta-
tus. However, there are only a few reports of allogeneic
HSCT using an RIC regimen for paediatric ALCL. Further
evaluations of the efficacy of RIC are necessary and should
include larger numbers of patients and a prospective design.

irradiation

The treatment of relapsed or refractory ALCL remains a
matter of debate. Recent studies have reported the efficacies of
second-line treatments for relapsed or refractory ALCL,
including vinblastine monotherapy, brentuximab vedotin and
crizotinib. Brugieres et al (2009b) studied 36 paediatric
patients treated with weekly vinblastine for relapsed or refrac-
tory ALCL, finding that this treatment was highly efficacious,
with a CR rate of 83%. Furthermore, the 5-year EFS rate was
30%, at which time all but two of the patients had stopped vin-
blastine for more than 2 years. In adults, a phase II trial of
brentuximab vedotin was conducted in patients with relapsed
or refractory systemic ALCL. Fifty of 58 patients (86%)
achieved an objective response, including 33 patients (57%) in
CR (Pro et al, 2012). The Children’s Oncology Group reported
a phase I study of crizotinib for paediatric patients with refrac-
tory ALCL, finding that seven of nine children acheived CR
following crizotinib monotherapy (Mossé et al, 2013). Autolo-
gous and allogeneic HSCTs are associated with high rates of
toxicities and TRM. Consequently, it will be necessary to spec-
ulate about the selection of second-line treatments for relapsed

_or refractory ALCL in children and adolescents.
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In conclusion, both autologous and allogeneic HSCT can
offer the prospect of durable disease-free survival for relapsed
and refractory ALCL in childhood and adolescence. Patients
with CR at the time of autologous HSCT had significantly

" greater EFS than patients with non-CR at the time of autolo-
gous HSCT. Our results suggest that allogeneic HSCT might
provide a better outcome for patients who are resistant to
chemotherapy after relapse, and those with non-CR at the
time of HSCT. Furthermore, an RIC regimen followed by
allogeneic HSCT might even be useful for these patients.
However, the small number of patients in our cohort pre-
vented us from investigating the efficacy of allogeneic HSCT
with an RIC regimen. In the new era of molecular target
drugs, the best candidates for autologous and allogeneic
HSCT remain to be dlarified by further analyses and prospec-
tive studies of relapsed or refractory ALCL in childhood and
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Fig. 1 Schemas and results of H8 trial (EORTC/GELA): limited stage HL

There were not any benefits of extended field radiation both for favorable (H8-F) and unfavorable (H8-U) HL.
Favorable patients treated with STNI alone showed poorer overall survival than with combined modality
treatment (H&-F). IFRT: involved field irradiation, STNI: subtotal nodal irradiation
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