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Evolution of chemotherapy

Pre-1930 era: Surgery alone was used with less than
10% survival and median survival of 12 months

Bailey and Cushing: pioneered used of whole neuraxis
irradiation in 1930 with dramatic improvement in survival
to 50-60% by 1980s

Van EysJ introduced chemotherapy with negative results
(Can treat reports, 1981)

First randomized studies in 1990 by SIOP & CCG
established role of chemotherapy in high risk population

Packer et al in 1999 proved the role of chemotherapy in
average risk Medulloblastoma in decreasing the CSI
dose with out detriment in survival



Principles of Chemotherapy

 Chemotherapeutic agents should be lipid
soluble, less protein bound and less
lonized

» Co-administartion of agents decreasing
activity through CYPP3A4 induction such

as Phenytoin, phenobarbitone and
steroids are avoided

 Concomitant RT may be useful by
Increasing the transcapillary transport



Optimising Systemic Therapy
» Established:
— high dose chemotherapy

— Intrathecal therapy
— Radiosensitizaion

« Experimental:
— Intratumoral therapy
— Intraarterial therapy

* Novel approaches:
— Differentiating agents
— Gene therapy
— Antiangiogenesis
— Targeted agents



Risk-Adapted Approach

Factor Standard-risk High-Risk
Age at >3yr <3 Yr
diagnosis

Extent Surgical |[<1.5cm? >1.5cm?
resection Residual residual
stage MO >M1

Europe: Age and M stage (M1 vs 2 M2)




Standard-Risk: Traditional Standard

« Maximum surgical resection(GTR)=>
craniospinal RT(CSI)x chemotherapy

« RT dose CSI| 36Gy, PF dose 55.8Gy

« Chemotherapy is commonly practiced outside a
trial

* Preradiation(Neoadjuvant RT/Sandwich) CT in
Europe vs Adjuvant in USA

* /5-80% EFS

« High incidence of late neuroendocrine and
neuropsychiatric morbidity



Standard-Risk: Trials

Trial

Average risk
HIT 91

SIOP I

COGOBYZ

SUME'%E

Accrual
petiod

1901-07

12822000

1900-84

{906-00+

{086-00f

Eligible
palients

179

6o

Treatmenl (Gy, posteror fossa/

craniospinal axis)

Tfosfamice, etoposide, methotrexate,
cisplatin, cytarabine praraciation
(55:2/35:2) vs vincristine, lomustine,
clsplatin postradiation (55:2/35:2)
Hadiation (55/35) vs vincristine,
goposice, carboplatin,
syclophosphamide preradiation (55/35)
Vincristing, lomusting, cisplatn
postradiation (55-2/23-4)

High-tiose cyelophospramids,
cisplatn, vinoristine postradiation
(55/23+4

Radiation (54/36) vs raclation
(54/23:4|

Progression-
free survival at
5 years (%)

65 vs 78

60 vs T4

e

79

941

B7 vs 52

P

<43

00386

014

5



Phase [1I Study of Craniospinal Radiation Therapy
Followed by Adjuvant Chemotherapy for Newly Diagnosed
Average-Risk Medulloblastoma

Roger | Backer, Amar Gajtar, Gilbert Vezin, Lucy Rorke-Adarms, Peter C. Burger, Patrcia L. Robertson,
L1su Baver, Deborah LoFond, Bernadine R Donahue, MaryAnne H, Marymont, Karin Muragzko,
James Langston, and Richard Sposto

J Clin Oncol 24.4202-4208.
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Purpose
To determine the event-free survival (EFS) and overall survival of children with average-risk

medulloblastoma and treated with reduced-dose craniospinal radiotherapy (CSRT) and one of two
postradiotherapy chemotherapies.

Methods
Four hundred twenty-one patients between 3 years and 21 years of age with nondisseminated

medulloblastoma (MB) were prospectively randomly assigned to treatment with 23.4 Gy of CSRT,
55.8 Gy of posterior fossa RT, plus one of two adjuvant chemotherapy regimens: lomusting
(CCNU), cisplatin, and vineristine; or cyclophosphamide, cisplatin, and vineristine.

Results
Forty-two of 421 patients enrolled were excluded from analysis. Sixty-six of the remaining 379

patients had incompletely assessable postoperative studies. Five-year EFS and survival for the

cohort of 379 patients was 81% = 2.1% and 86% = 9%, respectively (median follow-up over 5
years). EFS was unaffected by sex, race, age, treatment regimen, brainstem involvement, or
excessive anaplasia. EFS was detrimentally affected by neuroradiographic unassessability. Pa-
tients with areas of frank dissemination had a 5-year EFS of 36% = 15%. Sixty-seven percent of
progressions had some component of dissemination. There were seven second malignancies.
Infections occurred more frequently on the cyclophosphamide arm and electrolyte abnormalities
were more common on the CCNU regimen.

Conclusion
This study discloses an encouraging EFS rate for children with nondisseminated MB treated with

reduced-dose craniospinal radiation and chemotherapy. Additional, careful, step-wise reductions in
CSRT in adequately staged patients may be possible.



Intellectual Outcome After Reduced-Dose Radiation
Therapy Plus Adjuvant Chemotherapy for Medulloblastoma:
A Children’s Cancer Group Study

By M. Douglas Ris, Roger Packer, Joel Goldwein, Dana Jones-Wallace, and James M. Boyett

Journal of Clinical Oncology, Vol 19, No 15 (August 1), 2001: pp 3470-3476

Conclusion: This study represents the largest series
of patients with average-risk MB/PNETs treated with a
combination of reduced-dose RT and adjuvant chemo-

therapy whose intellectual development has been fol-
lowed prospectively. Intellectual loss was substantial

tion compared with effects associated with conven-
_tional RT doses. However, this conclusion remains pro-

visional, pending further research.




Standard-Risk: New Standard
GTR

]!

Reduced dose CSI (23.4Gy)

I

Adjuvant chemotherapy



Chemotherapy when & What?

A range of alkylator and platimum based
regimens available

Adjuvant VCP=Adjuvant VLP

Other effective regimens:VLCP,VC, VJPE,
MICE

When? NeoAdjuvant CT detrimental
(SIOP-II) / inferior to adjuvant CT in
average risk ( HIT-91)




Standard Risk : Future

GTR
CSI (23.4Gy) 18Gy

|

Adjuvant chemotherapy
+HDCT



High-Risk: Standard of care
GTR

]!

CSI (36Gy)+PF boost19.8Gy

Adjuvant chemotherapy

Chemotherapy improves survival by 15-20%
c/t RT alone historical cohorts



High risk
C0GI1

SIME'%

Limited institition
CHOP/CAMC/CMED

High Risk trials

1086-02

106303

203

15

Eght drugs in 1 day prevadiaionand 43563
postraciation (54/36) vs vincristine,

lomustine, prachisolane postradition

164/36)

Topotacan window presadlaton B4t
155/36-306) then high-close
cyslophospharmide, cisplatin

yncristing

Vincriatine, lomusting, cisplatin a7
pstraciation (65:2/36)

0006



High Risk: Neoaduvant vs Adjuvant
CT

* Progressive disease rates of 20-30%
during neoadjuvant CT in higher M stage
— (CCG-921)

* Delay in RT detrimental to long term
outcome (HIT-91)

* Short neoadjuvant window (6-8 weeks )
may be acceptable without any detriment




reasipiiity oI Four Lonsecuilve Hign-pose Lnemoinerapy
Cyecles With Stem-Cell Rescue for Patients With Newly
Diagnosed Medulloblastoma or Supratentorial Primitive
Neuroectodermal Tumor After Craniospinal Radiotherapy:
Resulis of a Collaborative Siudy

Douglas Strother, David Ashley, Stewart J. Kellie, Akta Patel, Dana Jones-Wallace, Stephen Thempson, Richard Heideman,

Journal of Clinical Oncoloay. Vol 19, No 10 (May 15), 2001: pp 2696-2704

Reswulis: Fifiy of thhe 53 patients commenced high-dose
chemotherapy, and 49 tients completed all four cycles.
The median length of ci::muthernpy cycles one through
four was 28, 27, 29, and 28 days, respectively. Engraft-
ment occurred afr a median of 14 fo 15 days after infusion
of stem cells or autologowus bone mMmarrow . The intended
dose-intensity of cyclophosphamide was 1,000 mg/m*>/
wilc; the median deliver dose-intensity was 1,014,
1,023, 274, and 991 mqg/m>*/wlk for cycles 1 through 4,
respectively: associated median relative dose-intensity
was 101%, 102%, 97%, and 999 . No deaths were aitrib-
utable to the froxic effects of high-dose chemotherapy.
Early cutcome analysis indicates a 2-year progression-
free survival of 93.6% = 4.7% for the average-risk pa-

fients. For the high-risk patients, the 2-year progression-
free survival is 73.79% = 10.5% from the start of therapy
and 84.29% + 8.6% from the start of radiation therapy.
Conclusion: Administering four consecutive cycles of
high-dose chemotherapy with stem-cell support after sur-
gical resection and craniospinal irradiation is feasible in
newly diagnosed patients with medulloblastoma/supra-
tentorial PNET with aggressive supportive care. The early
ouftcome results of this approach are veryv encouraging.




High Risk: HDCT

Suipicul Ressction (1=53)

'

Stem Cell Harvest Topotecan window (HE onlv)

:

Radiation Therapy (5=53)

|19 with high-risk (HR) discase nnd 34 with averape-risk (AR disense)

L
Off study (n=3; 3 HR) HDC eyele | n=50; 16 HR; 34 AR)
2 with progressive disease
| ECOG =3
5
01T study (n= 1HR) HTIC aycles 2and 3 (n=42; 15 HR: 3 AR,
Cirndee 3 pardiae toxiony
Y

HDC eyeled (o=<19; 15 HR; 33AR)
4 did not receive ABMT or SCR

(T = high dose chemothetapy: ABMT= wutologous bane riarrow Irimsplint; SUR= stem cdll
escue).

Strother, D. et al. J Clin Oncol; 19:2696-2704 2001
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High Risk: Novel approaches:
radiosensitization

CCG-99701
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High-Risk: Current trials
GTR

CSI (36Gy)+PF boost19.8Gy+CT

Adjuvant&emotherapy (HDCT) +
biologic therapy



Infants & Young Children(<3 yrs)

* Aim to delay, modify of possibly obviate
the need for radiotherapy

 Chemotherapy alone after surgery-

— Response rates 30-40%
— PFS rates 22-40% at 5 years



Infant Trials

Protoc [N |Regimen |Results [INO RT |Prognostic
ol 5yrPFS factor
CCG 92 | VCPE/VIJE 32% 83% M1, Residual disease,
9921 <1yr
(2006)
SFOP 79 |PrJ/IPEIVCIH | ROMO-29% | 22% Residual disease
(2005) DCT R1MO0-6% > M1

R1M1-13%
HIT-92 43 | VCIM+Itmix | ROMO-82% | S53% Desmoplasia, M+, <2yr
(2004) R1M0-50%

R1M1-33%




Infant & Young children

Chemotherapy alone is effective In
nondisseminated, totally resected disease

Current trials
Induction CTz# Intrathecal CT
consolidation CT(HDCT)

Focal coﬂormal RT (Based on disease status)



Recurrent Medulloblastoma

Poor prognosis
Universally fatal till recently

Trials of single agents or combinations with
good Initial response but poor long term survival

Local relapse and chemosensitivity good
prognostic factors

HDCT promising results with 34% EFS ina CCG
study with best outcome In patients with minimal
residual disease pre-transplant



Novel targeted agents
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Status of Novel approaches

Table 3. Active clinical trials utiizing novel therapeutic strategies for embryonal CNS tumars

Novel treatment strategy ~ Desired effect Active clinical trials (agent)

HDCT and ASCsupport~~ Penctrate BBB. TCNS drug lovel -~ COG-99702, high-risk patients, closed: COG-99703, infant patits:
POG-9430. recurrent disease

[T chemotherapy Prevent or treat LM disease PBTC-001 (matosfamide); PBTC-003 (busulfan): COG-PY962 (topotecan
Radiosensitization T RT eytotovicity COG99701 (carboplatinRT)

BBB disruption TONS drug level COG-09716 {carboplatin/lobradimil)

Biologie therapy Targer essential tumor bioactivity  PBTC(02 (VEGER TKI), closed; PBTC03 (FT1)

Focal RT L RT neurotoxiciy PBTC-001 (3-D contormal RT)

Abbreviations: ASC = qutologous stem eell; COG = Childsen’s Oncology Group; FT1 = famesyl transferase mhibitor; HDCT = high-dose chemotherapy:
LM = leptomenmgeal; PBTC = Pediatric Brain Tumor Consortivm; POG = Pediatnc Oncology Group; VEGFR TKI = vascular endothelial growih factor
receplor tyrosing kinase inhibitor.







FUTURE OF MEDULLOBLASTOMA THERAPY

—» Low 5 Chemotherapy

—r Surgery —» Neuraxis :
risk and B5/18 Gy

Imaging and
cerebrospinal
Tluicl

L
Comprahensive clinical,
histopathological, and —

molecular staging
s

L » Moderate 5 Chemotherapy
risk and 55/35 Gy

Histology

-
Tumour —=

L » High — 5 High-dose
risk chemotherapy
with er without
experimental
treatment and
55/36 Gy

Molecular and histopathological studies
Protein  ANA  DNA
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