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Pediatr Blood Cancer 2014:61:1416-1421

Clinical Features and Early Treatment Response of Central Nervous System
Involvement in Childhood Acute Lymphoblastic Leukemia

Mette Levinsen, mp,” Mervi Taskinen, mp, php,? Jonas Abrahamsson, mp, php,>

Erik Forestier, mp, pho,?

Thomas L. Frandsen, mp, pho," Arja Harila-Saari, mp, pho,”> Mats Heyman, mo, pho,® Olafur G. Jonsson, mp,”

Piivi M. Lihteenmiki, mp, php,® Birgitte Lausen, mp, pho,’ Goda Vaitkevitiené, mp, pho,"”? Ann Asberg, mp, pho,'°

and Kjeld Schmiegelow, mp, php,”''* on behalf of the Nordic Society of Paediatric Haematology and
Oncology (NOPHO)

Background. Central nervous system (CNS) involvement in
childhood acute lymphoblastic leukemia (ALL} remains a therapeutic
challenge. Procedure. To explore leukemia characteristics of patients
with CNS involvement at ALL diagnosis, we analyzed clinical
features and early treatment response of 744 patients on Nordic-
Baltic trials. CNS status was classified as CNS1 (no CSF blasts), CNS2
(<5 leukocytes/pl CSF with blasts), CNS3 (=5 leukocytes/ |.I.| with
blasts or signs of CNS |molxer'nent_ TLP<+ itraumatic lumbar
puncture with blasts), and TLP— (TLP with no blasts). Results.
Patients with CNS involvement had higher leukocyte count
compared with patients with CNS1 (P<0.002). Patients with
CNS3 more often had T-ALL (P < 0.001) and 1(9;22)ig34;q11)[BCR-
ABL1] (P<0.004) compared with parienti with CNST. Among
patients with CNS involvement headache (17%) and vomiting (14%)
were most common symptoms. Symptoms or clinical findings were

Key words:

present among 27 of 54 panentc with CNS3 wversus only 7 of 39
patients with CNS2 and 15 of 75 patients with TLP+ (P< 0. 001). The
majority of patients with CNS involvement received additional
induction therapy. The post induction bone marrow residual
disease level did not difier between patients with CNS involvement
and patients with CNS1 (P> 0.15). The 12-year event-free survival
for patients with leukemic mass on neuroimaging did not differ
from patients with negative or no scan (0.50 vs. 0.60; P=0.7) or
between patients with symptoms or signs suggestive of CNS leukemia
and patients without such characteristics (0.50 vs. 0.61; P=0.2).
Conclusion. CNS involvement at diagnosis is associated with adverse
prognostic features but does not indicate a less chemosensitive
leukemia. Pediatr Blood Cancer 2014:61:1416-1421.

0 2014 Wiley Periodicals, Inc.

ALL; chemotherapy; minimal residual disease
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Table 1. Characteristics of the Included Trials

CRT SCT
Trial (Years Mo. of % of Percent
Group of Recruitment) Patients Patients Indications of Patients Indications
AlEOP ALL 2000 (2000-2006) 1,999 18 CNS3*, t(4;11) T cell with WBC == 4 t4;11); slow early response
100 x 10%L, T cell and B cell {prednisone poor response)
with slow early response and WBC = 100 = 10%L or
{prednisone poor response) or T cell or pro-B or MRD =
no CR at day 33 or high-risk 5 x 10~ at day 33; no CR
MRD (= 5 x 107" at week 12 at day 33; high risk MRD
(=5 x 107" at week 12
BFm ALL 2000 (2000-2007) 3,682 18 CHNS3*, 1(4;11) T cell, B cell with 5 t4;11); slow early response
slow early response (prednisone {prednisone poor-response)
poeor respeonse) or no CR at day and WBC = 100 =< 10%L or
33 or high risk MRD (= & x 107" T cell or pro-B or M3 BM at
at week 12 day 15; no CR at day 33;
high-risk MRD (= 5 x 107
at week 12
coALL 06-97 and 07-03 910 12 CMS3 for both protocols. For 06-97: 4 For 06-97: no remission at day
(1997-2003) T cell and B cell with WBC = 29, t4;11) high-risk patients
100 = 10%L. For 07-03: T cell with and high (8 + 9) score for in
WEBC = 50 < 10°%/L, B cell with vitro responsiveness to PVA.
WEBC = 200 x 10%L and with For 07-03: no remission at
WEBC 100-200 x 10%L and == day 29, t{4;11)
1 x 10%L blasts in the PB
after prophase
COoG POG 9900 (B-ALL; 3.182 15 T-ALL: all patients; CMNS3 3 M3 BM at end induction or
1999-2005)1 hypodiploid ALL {not
and POG 9404 included in these analyses)
(T-ALL; 19926-2001)
DCOG ALLS (1997-2004) 859 o Standard no CRT 3 MLL positive
JACLS ALLOZ (2002-2008) 1,246 10 CMNS3, T cell with WBC = 100 x 10%L 5 Slow early response, induction
failure, M3 BM at day 15 in
high-risk patients, AMLL positive,
=< 44 chromosomes
NOPHO ALL 2000 (2002-2008) 1,082 14 CNS3, T cell with mediastinal mass, & WEBC = 200 x 10%L, slow
T cell and B cell with WBC 100-200 response with no CR at end
»x 10%L; for all, only if age > & of induction (M3 bone marrow
years at diagnosis at day 29), MLL positive if =
10 yvears, << 34 chromosomes
SJCRH Total Therapy Study 488 0 Standard no CRT 5 Induction failure or > 1% leukemic
XV (2000-2007) lympheoblasts in the bone marrow
on remission date, = 0.1% leukemic
lymphoblasts in the BM in week 7
of continuation treatment,
re-emergence of leukemic
lymphoblasts by MRBD in patients
previoushy negative for MRBD
UK ALL 2003 (2003-2011) 2,783 2 CNS3 2 t17:19), MLL positive, << 44
chromosomes and M2 BM
at day 28, M3 BM at day 28
DFCI 00-01 (2000-2004) 492 33 T cell and B cell with CNS3 andfor 2 Induction failure (M2 or M3 BM

WEC = 100 = 10%L

at end of first month of reatment)
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Table 3. Five-Year Summary Outcomes From Meta-Analyses According to Pre-emptive CRT for Subgroups Other Than CNS3 at Diagnosis

B Cell, WBC = T Cell, WBC = B Cell, Slow Early T Cell, Slow Early
100 x 10%L 100 x 10°L Response Response
CRT CRT CRT CRT
Outcome Yes Mo F Yes Mo F Yes Mo F Yes MNo P
5-year cumulative incidence, %
Death (100% minus survival) 21.6 17.6 A8 27.2 19.0 .15 12.0 16.5 36 36.3 24.7 .02
Any event (100% minus EFS) 37.0 274 .08 34.3 24.4 .08 220 26.0 A8 46.4 354 19
BM relapse 17.4 15.6 67 786 B.4 .88 13.2 14.7 61 14.7 12.4 .65
Isolated CNS relapse 1.6 33 32 h.4 6.6 69 0.9 1.8 .40 4.5 28 44
Any CNS relapse 3.8 6.0 35 11.0 10.0 J7 1.9 38 19 8.6 4.2 .25
Mo. of studies 3 4] 7 3 2 5 4 4
Mo. of patients 141 594 596 248 300 652 353 166

NOTE. Eventhoughitis notindicated for the subgroup overall, some patients within the subgroup received CRT for specific indications {eg, CNS3 or slow early response
or minimal residual disease high-risk status in AIEOP-BFM 2000).

Abbreviations: AIEQOP, Associazione Italiana Ematologia ed Oncologia Pediatrica; BFM, Bedin-Frankfurt-Munster; BM, bone marrow; CNS3, overt CNS involvement;
CRT, cranial radictherapy; EFS, event-free survival.
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{ The role of ZAP70 kinase in acute
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e lymphoblastic leukemia infiltration into
the central nervous system
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W Hodgkin Lymphoma in Children and Adolescents:

?Wrogress Through Effective Collaboration, Current
Knowledge, and Challenges Ahead
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Impact of Cranial Radiotherapy on Central Nervous
System Prophylaxis in Children and Adolescents With
Central Nervous System—Negative Stage Il or IV
Lymphoblastic Lymphoma

« FENHL-BFM-95 5%, X FII-IVH, AMEEHIRHE RS
RICHIW B0 BT N, R TBE M R BT IR T
L8 i% 5 R 5 NHL-BFM-90/86 [R5 3%

— S FRF, HHANIHIHRAN, FHFERS. 6%, F1y
BE VT IR]S. 148, 24E&5EEMIPFS/rHI 886 +3% and 82
+3%, 54EDFS88 + 3%

— FE90/86 5 &H, ILHAAN163MK AN, FIERS. 42,

‘iﬁ%wﬁlﬁlfﬂlo T4E, 24F&GAEMIPFSBIN91 +2%

and 88 +3%, 5%4FEDFS91 + 2%
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IS% Birgit Burkhardt, JOURNAL OF CLINICAL ONCOLOGY ,2006




Influence of Cranial Radiotherapy on Outcome in
Children With Acute Lymphoblastic Leukemia Treated
With Contemporary Therapy
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« Cervical nodes involves
* Kidney involves

* Bone Marrow (-)

¢ B symptom (-)
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* Primary CNS Burkitt's Lymphoma

« LMB-89 Protocol
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Does the early intensification of intrathecal
therapy improve outcomes in pediatric acute
lymphoblastic leukemia patients with CNS2/

TLP+ status at diagnosis?
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Disseminated lymphoblastic lymphoma in children and
adolescents: results of the COG A5971 trial: a report from the
Children’s Oncology Group

Amanda M. Termuhlen,® Lynette M.
Smith,? Sherrie L. Perkins,® Mark
Lones,* Jonathan L. Finlﬂj,',5 Howard
Weinstein,® Thomas G. Gross’ and
Minnie Abromowitch®

'Department of Pediatrics, Keck School of Medi-
cine, University of Southern California, Los
Angeles, 2'.De‘g::r;m‘a'J'nern‘ of Biostatistics, University
of Nebraska Medical Center, Omaha, NE,
*Department of Pathology and ARUP Laborato-

ries, University of Utah Health Sciences, Salt
Lake City, UT, *Department of Pathology and

Summary

The Children’s Oncology Group’s A5971 trial examined central nervous
system (CNS) prophylaxis and early intensification in paediatric patients
diagnosed with CNS-negative Stage III and IV lymphoblastic lymphoma.
Using a 2 x 2 factorial design, the study randomized patients to Children’s
Cancer Group (CCG) modified Berlin-Frankfurt-Muenster (BFM) acute
lymphoblastic leukaemia (ALL) regimen with intensified intrathecal (IT)
methotrexate (MTX) (Arm Al) or an adapted non-Hodgkin lymphoma/
BFM-95 therapy with high dose MTX in interim maintenance but no
IT-MTX in maintenance (Arm Bl). Each cohort was randomized =+ inten-
sification (cvclophosphamide/anthracvcline) (Arms A2/B2). For the 254
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A5971
CCG BFM = A1
Induction Consolidation Interim Delayed Maintenance
l, l, IJVIaintenan:E Intensification
Frednisone , Cexamethasone Vincristine
Vincristine day 0 Cyclophospharmide || 6-MP 5 Vincristing Prednisone
Daunomycin day 0 || Cytaratine BOmam™) || oxarubicin 6-MP
3 8-MP (60 mg/m?) MTX oral
(30 mgim® x 4) IT IMTX (4 T MTX (2 L-asp (75 mg/m?iday)
l-asp day 3 () (2) (6000 u/im? IM x &) MTX oral
(6000 u/m? IM x &) Cyclophosphamide ITMTX (2 for 4
IT MTX [2.} Cytarabine cycles, 1 per
IT cytarabine (1) 8TG remaining
. IT MTX (2 I
CCG-BFM = A2 (Intensified) 2) cycles)
Prednisone Cexamethasone
Vincristine day 0 Same a8 Same as Vincristine Same as
L-asp day 3 above aove L-asp above
(6000 u/m? IM x &) (6000 w/m? IM x &)
ITMTX (2) BTG
IT cytarabine (1) IT MTX (2)
Daunomycin day 0 Daunomycin
(60 mg/m?day) (60 mg/m?/day)
infusion for 48 h infusion for 48 h
Cyclophosphamide Cyclophosphamide
(1 g/m?) day 2 (1 g/m?)
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A5971
- CCG modified NHL BFM = B1
Induction Consolidation Interim Delayed Maintenance
Maintenance Intensification
Prednisone . &-MP Dexamethasone
Vineristine day 0 Cyclophosphamide | | (o5 imay || Vineristine »
: Cytarabine Deorubici Vincristine
Caunomycin day 0 6-MP 5 MTX IV orubicin :
2 - (B0 mg/mé) 3 L Frednisone
(30 mg/m* x 4) IT MTX (4) (5g/m*x4) asp &-MP
L-asp day 3 IT MTX (4) (B0O00 u/m?IM x &) (75 mgim?/d)
(6000 u/m? IM x &) Cyclophosphamide | | o =
IT MTX (2) Cytarabine
, No IT MTX
IT cytarabine (1) 6-TG
. ] IT MTX (2
CCG modified NHL BFM = B2 (Intensified) 2)
Prednisone Cexamethasone
Vincristine day 0 Same as Vincristine Same as
L-asp day 3 above Sama a3 ahove L-asp above
(6000 u/m2 IM x8) (B0O00 um? IM x &)
IT MTX (2} BTG
IT eytarabine (1 IT MTX (2)
Daunomycin day 0 Daunomycin
(60 mg/m?/day) (60 mg/m3day)
infusion for 48 h infusion for 48 h
Cyclophosphamide Cyclophosphamide
(1 g/m?) day 2 (1gim?)

el



COG A5971: £ FNHL-BFM 95 5%

24 mts

ia Gikea M BiEs | [GMPMTX

v 4x5g/m? MTX ca. 18x VCR + 5d

NHL- BFM ax [T Pred
X no MTX IT
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Abromowitch et al. 2008 [Abstract 3rd Internatl Sympos Childh NHL Frankfurt 2009]
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Abromowitch et al. 2008 [Abstract 3rd Internatl Sympos Childh NHL Frankfurt 2009]

8IT PEFS
BFM95 withHD MTX 84+ 3%
w/0o HDMTX 831+4%
with F- 1554k 83+ 4%
w/o F- 1554k 83+ 4%
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Cutcomes for disseminated paediatric lymphoblastic lymphoma

Arm A1( IT MTX) 83%
A2 81%

Arm B1(HD-MTX) 83%
B2 84%

CNS Relapse 1.2%

P=0-81

Rag A1, n= 64

-- Rag A2, n= 61

Rag B1, n= 63
Rag B2, n= 686
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Analysis of the role of intratecal liposomal
cytarabine in the prophylaxis and treatment
of central nervous system lymphomatosis:
The Balearic Lymphoma Group experience

- [EIEERZE T M2006EE 20154E (n = 58) B A Hig i 44 F
ﬁﬂ@ BN ESNEFIRA

— 33% LI, 20% LRGSR, 11% T, 9% BX%F,
4% WX, 4% E#, 2% —iI PR

- Hm = 26), F 554 17+81),
Eiﬁﬁgﬁ\ éﬁsﬁk) (11%;33[?@553‘@ A )

- YT (n = 32), CSF BEZEETT%. 05=6
months (0+16) FET-REAMEIEHEE (194),
Fr i (241)

— TEWBI HCNS B & HI9m A -5 2Z B9 iE FJHDMTXAHCL,

_ BRI R RS, S R A TS
Uasl LRI S S

Antonio GutieArrez, PLOS ONE,2017
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Brief Report

CLINICAL TRIALS AND OBSERVATIONS

PD-1 blockade with nivolumab in relapsed/refractory primary central
nervous system and testicular lymphoma

Lakshmi Nayak,'2 Fabio M. lwamoto,® Ann LaCasce,'? Srinivasan Mukundan,’? Margaretha G. M. Roemer,’'
Bjoern Chapuy,' Philippe Armand,’? Scott J. Rodig,'? and Margaret A. Shipp'~?

'Dana-Farber Cancer Institute, Boston, MA; ?Brigham and Women's Hospital, Boston, MA; and >New York Presbyterian Hospital, New York, NY

Key Points Primary central nervous system (CNS) lymphoma (PCNSL) and primary testicula
lymphoma (PTL) are rare extranodal large B-cell lymphomas with similar genetic sig

= Genetic analysis reveals natures. There are no standard-of-care treatment options for patients with relapsed an
frequent 9p24.1/PD-L1/PD-L2 refractory PCNSL and PTL, and the overall prognosis is poor. PCNSLs and PTLs axhib
copy-number alterations and frequent 9p24.1 copy-number alterations and infrequent translocations of Sp24.1 an
idcreased expression of the associated increased expression of the programmed cell death protein 1 (PD-1) ligand:
PD-1 Iigands in PCNSL PD-L1 and PD-L2. The activity of PD-1 blockade in other lymphomas with Sp24.
and PTL. alterations prompted us to test the efficacy of the anti-PD1 antibody, nivolumab, |
e PD-1 blockade with 4 patients with relapsed/refractory PCNSL and 1 patient with CNS relapse of PTL. A
; Ranab demonstrated 5 patients had clinical and rtdlogrtphlc responses to PD-1 blockade, and 3 patien
St 2 patients with remain progression-free at 13" to 17" months. Our data suggest that nivolumab is actiy
ivity in relapsed/refractory PCNSL and PTL and support further investigation of PD-1 blockac

relap;_;’og/refractory PCNSL in these diseases. (B/ood. 2017;129(23):3071-3073)
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o
a5 &K WIPCNSL, 1BIPTLAECNSE &, SHIEITEIRIR KRB IR_RA~E K

H 3R R M#13-171 A



&)
QA\

¢
\

vT(~<<.

REL

e CAR-TYSJTCNSK

e CAR-TXCNSHR IR A 3K,

o« BUNBA R B

AT T8 T7 CNSHk

FUJRT BY A

\;I)J

I

'LﬁﬁfﬁrTlmﬁ%@m
o HAEIEEA 1 EMNLECNSHE

FEB

=

HHXCRSH A RUFE, H

ey



<<V\
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eremy S. et,al, 2017.8,(377):8. DOI:
10.1056/NEJMc1704610
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W FHvinblastine, crizotinib, or brentuximab
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Ruf S?! et,al. Pediatr Blood Cancer. 2018 Mar 7. doi:
10.1002/pbc.27003.
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