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Abstract
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Background

High grade primary bone sarcomas are rare cancers that affect mostly children and
young adults. Osteosarcoma and Ewing sarcoma are the most common histological
subtypes in this age group, with current multimodality treatment strategies achieving
55-70% overall survival. As there remains an urgent need to develop new therapeutic
interventions, we have reviewed published phase /Il trials that have been reported

for osteosarcoma and Ewing sarcoma in the last twenty years.

Results

We conducted a literature search for clinical trials between 1990 and 2010, either
for trials enrolling bone sarcoma patients as part of a general sarcoma indication
or trials specifically in osteosarcoma and Ewing sarcoma. We identified 42 clinical
trials that fulfilled our search criteria for general sarcoma that enrolled these patient
groups, and eight and twenty specific trials for Ewing and osteosarcoma patients,
respectively. For the phase | trials which enrolled different tumour types our results
were incomplete, because the sarcoma patients were not mentioned in the PubMed
abstract. A total of 3,736 sarcoma patients were included in these trials over this
period, 1,114 for osteosarcoma and 1,263 for Ewing sarcoma. As a proportion of
the worldwide disease burden over this period, these numbers reflect a very small
percentage of the potential patient recruitment, approximately 0.6% for Ewing
sarcoma and 0.2% for osteosarcoma. However, these data show an increase in recent
activity overall and suggest there is still much room for improvement in the current

trial development structures.

Conclusion

Lack of resources and commercial investment will inevitably limit opportunity
to develop sufficiently rapid improvements in clinical outcomes. International
collaboration exists in many well founded co-operative groups for phase |ll trials,
but progress may be more effective if there were also more investment of molecular
and translational research into disease focused phase I/Il clinical trials. Examples of
new models for early translational and early phase trial collaboration include the
European based EuroBoNeT network, the Sarcoma Alliance for Research through
Collaboration network (SARC) and the new European collaborative translational trial

network, EuroSarc.
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Background

Primary bone sarcomas are rare, and account for approximately 6% of all childhood
malignancies, with Ewing sarcoma and osteosarcoma accounting for approximately 3%
of tumours arising in teenagers. Here we focus on osteosarcoma and Ewing sarcoma,
the two most common bone sarcomas, whose treatments are similar as they involve
multimodality treatment with dose intensive and toxic chemotherapy, combined with

potentially mutilating surgery.

Osteosarcoma is the most common primary malignant tumour arising from bone. It is a
pleiomorphic tumour of bone, and based on animal model systems, thought to arise in
mesenchymal stem cells in which the mutant proliferating spindle cells produce osteoid
or immature bones [1]. The EMEA published data in 2009 estimating approximately five
people in 1,000,000 in the European Union (EU) are affected by osteosarcoma. Recently,
data from the RARECARE surveillance network revealed an incidence of 0.23 per 100,000,
amounting to approximately 1,135 new cases per year in EU27 [2]. Osteosarcoma mostly
affects children and young adults with the median age of diagnosis being fifteen. Seventy-
five percent of patients are between eight and twenty-five years old. Osteosarcoma is often
located in the extremities of long bones near metaphyseal growth plates. Current treatments
for osteosarcoma achieve 60-70% event-free survival (EFS) for patients who present
with localized disease and approximately 20% EFS for patients with clinically detectable
metastatic disease [3]. Of all patients, 20% have clinically detectable metastatic disease at
first presentation. Surgical resection of all clinically detectable sites of disease and systemic
therapy to control microscopic metastatic disease is currently the therapy of choice for early
stage osteosarcoma. Since the introduction of neo-adjuvant and adjuvant chemotherapy to
surgery in the early 1980s, the long term survival of patients with osteosarcoma has remained
stable at about 60-65%. In terms of chemotherapy, several agents have demonstrated activity
in osteosarcoma including cisplatin, doxorubicin, high-dose methotrexate with leucovorin
rescue (HDMTX) and ifosfamide. For current treatment options these agents are combined.
Since the early 1980s, trials have been conducted in which the variations in doses and
scheduling between these four agents were tested, but these have not result in improvement
of EFS [4]. Since the introduction of ifosfamide, more than two decades ago, the only new
agent that has been approved is muramyl tripeptide, a drug that activates the innate immune
system [5]. Thus, despite surgical resection of the primary tumour and aggressive adjuvant
chemotherapy, 30-40% still die of metastases that are resistant to conventional therapies
[6-8]. For osteosarcoma patients with resectable pulmonary metastases it has become more
standard to treat these patients with metastectomy. This has been shown to improve relapse

free survival and a subgroup of patients may even be cured [9].
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Ewing Sarcoma/Primitive Neuroectodermal (PNET) are the second most common bone
malignancy after osteosarcoma in children and young adults with a peak incidence
at age fifteen. Ewing sarcoma are diagnostically defined by a Ewing sarcoma EWS
(Chromosome 22) translocation resulting in fusion with an ETS transcription factor, the
commonest abnormality (85%) being EWS-FLIT (Chromosome 11) or rarely with a non
ETS family partner [10, 11]. Although claimed in the past that the transcript type reflected
a difference in prognoses [12] this proved not to be the case in prospective randomised
trials [13]. RARECARE estimates an EU27 incidence rate for bone and soft tissue Ewing
sarcoma of 0.13 per 100,000 and 0.05 per 100,000, respectively [2]. This translates to
approximately 647 bone and 263 soft tissue new Ewing sarcoma diagnoses per year (EU27),
with a predicted 65-75% 5 year survival for non-metastatic disease using conventional
chemotherapy, radiotherapy, high dose chemotherapy and peripheral blood stem cell
transplant (PBSCT). However, survival for the 25% of patients that present with metastatic
disease is approximately 20% [14], and for those who develop relapsed and/or refractory
disease, the survival is no more that 10%. To date, studies in the patient population
requiring salvage treatment have been confined to chemotherapy combinations and high
dose chemotherapy, with variable response rates and little or no impact on survival. During
the last two decades, the outcome has improved in patients with localized disease. This
has been achieved by dose intensification and standardisation of conventional therapeutics
and radiotherapy. With the use of multidisciplinary treatments, such as chemotherapy
(including vincristine, doxorubicin, cyclophosphamide, ifosfamide and etoposide), surgery
and radiation therapy, the five year overall survival probability exceeds 75% for patients
with non-metastatic low volume Ewing sarcoma. However, advances in the treatment of
Ewing sarcoma have not impacted on the outcome of patients with large volume and

metastatic disease [15].

In the last two decades the treatment outcome for these bone sarcomas has not improved
greatly, even though some new treatment interventions have been successfully tested.
Large scale phase Il trials with long durations of recruitment have established material for
prognostic and treatment related correlative studies with survival and toxicity outcomes,
and importantly, have formed the basis of international collaboration. However, the smaller
phase I/Il studies are also important in order to develop proof of principle single agent
and combination treatments, particularly with newer molecular and biological based

interventions that directly test disease specific molecular mechanisms.

We wished to establish the effective level of phase I/Il activity that has been reported in
peer reviewed publications in the last twenty years. We report an overview of the phase /Il

trials that have been conducted for osteosarcoma and Ewing sarcoma, where we detail the

20



Phase I/1l clinical trials in Ewing and osteosarcoma

kind of drugs that have been tested, what the published study outcomes were and what
interventions have progressed to testing in phase Ill trials. The results show an improvement
in overall activity, but that the number of studies and International collaborations in early
phase trials remain at a low and limited level. We discuss potential routes to improve the

number and quality of early phase trials in Ewing and osteosarcoma.

Methods

Search strategy

We report data available in the public domain only. Publications were identified from
searches of PubMed, the Cochrane Controlled Trials Register, American Society of Clinical
Oncology (ASCO) abstracts and ClinicalTrials. gov. databases for the period 1990-2010.
The search strategies used terms for osteosarcoma; (osteosarcoma) AND (phase | OR phase
) AND (clinical trial), and was supplemented with a text word search. For Ewing sarcoma
the search algorithm was; (Ewing sarcoma) AND (phase | OR phase Il) AND (clinical trial).
To validate the search we broadened the search algorithm to; (sarcoma) AND (phase | OR
phase Il) AND (clinical trial), and compared the results from the narrow search with the

ones from the broad search. The latest search was performed in April 2010.

Whenever multiple reports from the same trial were published, we used only the report
with the longest follow- up to avoid any duplication of information. Publications were
eligible if they: (1) described (or cited a paper that described) osteosarcoma or Ewing
sarcoma study of early phase clinical trials; (2) were published in English; and (3) came from
industrialized countries. All types of evaluation were accepted (full papers, conference

abstracts, reports) as long as results (including data) were presented.

Data extraction

Data extraction was conducted independently by two authors (A. B. and A.M. van M.). We
used a systematic method for the search normally used for meta-analysis [16]. Differences
in data extraction were resolved by consensus with a third author (A.B. H.). From each
eligible trial we recorded authors’ names, journal and year of publication, number of
patients enrolled, number of osteosarcoma or Ewing sarcoma patients, study phase and

the outcome of the trial.
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Results and discussion

Eligible trials

A flow-chart indicating the identification of clinical trials for inclusion in the analysis is
reported for Ewing sarcoma (Figure 2.1A) and osteosarcoma (Figure 2.1B). During the
search many reports had to be excluded because no results were published. When we
searched the reports using full text, we had to exclude some papers because neither
osteosarcoma nor Ewing sarcoma patients were included in these studies. When we
combined the results, we identified 42 trials enrolling patients with any histological
diagnosis of sarcoma that were eligible for our study, in that they included osteosarcoma
and Ewing sarcoma. Of the 42 clinical trials twenty-one were phase |, two were phase I/II
and nineteen were phase |l trials. We found eight clinical trials which included only Ewing
sarcoma patients; of this group two were phase | and six were phase |l trials. We identified
twenty trials that included only osteosarcoma patients. There were two phase |, sixteen
were phase |l and two were phase I/ll trials. A total of 3,736 patients were included in all the

clinical trials, of which 1,263 were Ewing sarcoma and 1,114 were osteosarcoma patients.

A Ewing sarcoma B Osteosarcoma

214 potentially relevant
reports identified from
electronic search

45 PubMed

14 Cochrane Library

41 ASCO abstracts

110 Clinical Trials.gov

284 potentially relevant
reports identified from
electronic search

189 PubMed

28 Cochrane Library

63 ASCO abstracts

121 Clinical Trials.gov

\d

139 reports
excluded on basis of
title, abstract or no
results published

75 reports retrieved
in full text

\d

194 reports
excluded on basis of
title, abstract or no
results published

90 reports retrieved
in full text

\ 4

28 reports excluded
upon full text search

47 studies included
in the analysis

\ 4

52 reports excluded
upon full text search

38 studies included
in the analysis

Figure 2.1 Flowchart diagrams of the clinical trial selection criteria outcomes for Ewing sarcoma
(A) and osteosarcoma (B).
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Primary outcome

Tables 2.1 and 2.2 show the search results for clinical trials conducted in patients with
the wider diagnosis of general sarcoma, and specifically the trials that included either
osteosarcoma (Table 2.3) or Ewing sarcoma patients only (Table 2.4). Table 2.1 and 2.2
are trials testing either chemotherapy or biological treatments, respectively. From the
analysis of the number of trials conducted which included only osteosarcoma or Ewing
sarcoma patients from 1990 to the present, (Figure 2.2A) it was clear that the number
of trials reported for osteosarcoma has been stable since 1995, with approximately five
trials in five years. For Ewing sarcoma there has been an increase in the number of trials
published, with the no early phase trials reported between 1990 and 1999, an increasing
number of trials in the period 2000-2005 and even more between 2006-2010.
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Figure 2.2 Distribution of the number of trials published that have recruited either osteosarcoma
or Ewing sarcoma patients between 1990-2010 (A). The total number of either osteosarcoma or
Ewing Sarcoma patients entered in phase I/Il trials published between 1990-2010 (B).

23



[Z€] L¥-8€EE :(¥) ¥ 492URD pOO|g Jielped

pauonusw 10N 11/l 44 Ge doig pue unejdoque) 'soy| 5002 ‘e 1@ SpjUIAN UeA

[L€] £-2£9 11| 'soy 4o0uRD UID

4D (%8) L € 14 uipsladgel] 5002 ‘le1e ne

[0€] 8-0178 :(€) 0L 'say 49oueD ulD

Ud (%L1) T 4D (%8) L L 0 uedejoul| ‘eplwiojozows] 002 ‘|e 15 soubep
[62] 6-€9¥€ :(SL) 61 ‘|O2UQ WD

YO (%S€) 9 I Ll 8l uesejodo] pue opA)  L00Z |e 10 sio|Aeg

as [82] 65-8¥Zl :(S) 61 '|O2UQ UD

(% S€) 0L "¥D (%¥l) ¥ L € uipelaqel]  100Z ‘e 18 aBojejeQ
[£2] 67908 :(9) ZZ '|02UQ |01eWSH dlLielpad [

asuodsai 940 Il ol 8 sulpuoeojozelhd  000Z ‘le1e Bisg

[92] 07-G€S :(9) ZZ ‘Pur|dsuei] moue|y Buog

dd (%09) LL I € L YOS Yum pauiquod edelolyl 8661 ‘e 38 swueponT

as (%6) [S2] 09-£S€ :(2) ¥ "say 49dueD UlD

8 'dd (%L) L 4D (%l) L I 14 8l uedsjodol 866l ‘|e 10 Asue|g
dd [v2] S6-8821 :(£) 8 edue)

(%zh) 7€ 4D (%ZL) 0L I €l e soj| ‘euizeqiede( ‘oxoq 866l ‘le 18 ueunuy
dID (%S6) v€ [€2] ¥08-96/2 :(L1) €1 '|o2UQ UD

"Ud (%9) Z "¥D (%L1) 9 I VN VN uIp ‘sof| ‘dog ‘oxoQ '0jpAD G661l ‘e 18 Jauysny
as (%S) | 109150 [22] 8-€652 ¥/ 190oURD

'as (%S2) € :bumz I 4} 2z [loeInoIoN|4-G ‘'ULOAODNST  H66L ‘le 1o neyd
awo21NQ aseyd sid sid uoluaAISlU| Jles)\ loyiny

Puimz oN  081sQ ON

Chapter 2

|| @seyd pue | eseyd Joj Juswiesaly paseq Adesayrowsayd yum ewoddes [esousb Joj sjelly 9|qibije Jo sdlsleIdeIRYD |°Z 9]gel

24



Phase I/1l clinical trials in Ewing and osteosarcoma

“SUIISLIDUIA “UIA ‘UOIBIPES MOLIBW 210} YAl L ‘UoneIpes Apog [e10) “Yg | ‘oseasip ajigels ‘(S ‘endsal |22 wals ‘YD ‘erel asuodsal ‘yy ‘syuaned ‘sid ‘esuodsal
lerued "yd ‘oseasip anissalbold ‘4 (eWo21esoalso ‘0a1sQ ‘asuodsal aaidalqo ‘YO Leagquinu ‘oN ‘a|ge|ieA. 10U ‘N ‘opiule)soyl ‘soy| ‘esop ybly ‘qH ‘ewodies
Buim3y ‘Buim3 ‘episodole ‘dolg ![eainins 9aly JusAe ‘S4T ‘aumignioxop ‘oxo ‘epiweydsoydopAd ‘ojphD ‘esuodsal ele|dwiod ‘YD) ‘esuodsas [edulp ‘YD

[6€1§£-G9£1 (8) GLI 4=2UeD

as (%8) L 4D (%8) L L 9 uesajoun| ‘uneldiiexg 6002 |e 18 J0BauDdN
Pensge OOSY

O (%9) 2'¥d (%€) L S € 8plwojozows] ‘uedsioul| ‘UlA 600 |e 19 Joubepy
2§ 4ooue)) poo|g Jeiped

as (%€¢€) § 'ad (%02) € € L SOyl ‘|oxeyPed 6002 JEREREElS)
[8€] 00V-¥6€EY 19T '|O2UO ulD

as (%9) L1 "d4d (%) ¢ 4 9 unediexo  800Z |e 19 49619090
as (%01) [£€]8-1281 (8) 901 “4=2URD

L1 "4d (%€) 9 ¥D (%1) T Il ¥4 €¢ [8xe1?d0g  900¢ '|e 19 Buijpiomz
dd [9€] ¥€-£2Z (1) 19 'sAyd |oig [02UQ pey [ |

(%61) 01 "¥D (%S2) €1 Il 0oL 0 Adessypowsyp-gH sene ydL 9002 ‘|e 32 eyonez
(€] 292 :(2) 9¥ 1edueD

as (%0l) ¢ Il % 4 suigelpwen  900¢ |e 19 uyog-1aubepy

[7€] 95-9v81 :(8) 901 42URD

4D (%99) LY Il Ll 0 doig pue soy| ‘'0pAD ‘oxog ‘UIA 9002 ‘e 3° piaeN

[e€] Le-82€ (9) Ly 182uUBD pOO|g Relpad

dd (%¥) C I (4 L uessjodol 9007 ‘|2 18 supme

awoonQ  eseyd sid s1d uonuaAIalu| Jea\ Joyiny

Buimz oN  081sQ ON

panuuo) |z o|qel

25



[6¥] 08-£LS :(€) 0§ “4@2uUBD POO|g Jielpad

4O % I vl 9l upAweddsgey  800Z ‘|e 32 uinebueT

[87] £-L261 (0€) 92 ‘|o2uO WD

as (%o L 0 l aplwojozow] ‘quilol3  800e ‘le 38 pRexer

[LV) G-LLLL :(P) L "s@y J@dued ulD

4O %0 € € (LSZ-19v) Jouqiyuj ungn. 8002 ‘e 38 xo4

eAsqe ODSY

dd (%vl) L I L 0 ale|Asew quuiew| 8O0z ‘les oeyD

[91] 8-7S2 :(2) 0G 482ueD POO|g Nelpad

dd (%1L) L I 124 oL eje|Asew quuirew| 800z ‘|e 38 puog

[S¥] 0£-G9¥G :(¥€) ST 'loduQ UID

AID (%E2) € 4 0 (g4e-I-LgL)Apoqnue [euopouolN /002 ‘e 1o Jawery

[v] £-2S€ :(€) 617 1@2URD pPoO|g N1eipad

as (%02) € "dd (%4) L L € quneo /002 ‘le 19 ouswir
[€¥] 8-€8.£1 :(9) €1 'say 19dued UIID

4O %0 4 9 upAwidseue] /002 ‘|e 38 ||o1ebeg

enAsqe ODSY

as (%8) € I VN 0 uedslewln  /00¢ ‘le s uouig

[ev] 0€-€2v€ (12) ¥ '|oduQ WD r

as (%ve) €1 8D (%) L S 14 apiunalua4 9002 ‘e 19 edue|qe||IA
[L¥] 8-LevL (£) €01 “oduUED

4O (%) L I 14 l qlwozauog 5002 ‘le1s Dey

[0¥] 08-2£19 :(S2) €C '|]odUO WD

as (%91) ¥ "¥d (%P) | | € 9 qungen  S00¢ ‘le 3@ meQ
awooinQ aseyd sid sid uollusAIB1U| lesgp loyiny

Buimz oN  081sQ ON

Chapter 2

|| seyd pue | eseyd Joj Juswies.y paseq AjjeaiBojolq yum ewodies |esouab Joy sjel1 9|qibije jo sonsiieldeley) Z'Z 9|9el



Phase I/1l clinical trials in Ewing and osteosarcoma

"SUIISLIDUIA ‘UIA ‘UOlleIpel MOLIew [10) “YIAL -©sedsip o|igels ‘(S ‘endsal |92 wals
"4DS ‘e1es asuodsal 'y ‘syuaned ‘sid ‘esuodsal |erued ‘Y4 ewo21es0s)so ‘08)sQ ‘asuodsal aARdalqo YO dequinu ‘oN ‘a|ge|ieA. 10U ‘YN ‘OpIwesol ‘soy|
‘ewooies Buim3 ‘Buim3 ‘spisodole ‘dolg {[eAInins 9814 1UBAS ‘G43 ‘UIdIgnIoxop ‘oxoq ‘epiweydsoydo|ohd ‘ojpA7) tesuodsas a1adwod YD) tasuodsai [eaiulp ‘YD

as (%82) [9G] G€-621 :L1 ‘|oduQ 18dUET
8 "Ud (%€) L "¥D (%€) L 9l 0 qewnwnubly  QLOZ ‘le 19 sow|O
[SG] §9-8G¥Z () 91 'soy 49duUE) UID
as (%S€) €1 "¥d (%S) ¢ 6 0 (£0S1Y) Apoquue Y149 0102 ‘|e 39 >204ziny)
[S] ¥-0S2 :(2) 91 'say 48dued ul|D
40O %0 Il 6 Ll auojidaqex| 0L0z ‘le 1@ sqooer
[€G] 9-0SS :(¥) £Z "|]o2uQ UD
as»la v 4 € auojidaqex| 600¢ ‘le 1@ uuewapIpn
oensqe ODSY
VN Il LL 1% (£05 1Y) Apoquue ¥ -4O)| 600¢ ‘le 38 |21ed
oensqe ODSY
dd (%P) L o]} VN qewnwninxiy  600¢ ‘|e 30 nedwsje)y
[zsl €5-87L€ (61) LZ'lO2UQ UID
dd (%2) € 4D (%S°0) L I €l L2 quurew| 6002 ‘le 18 ybnyH
[1G] £-1G91 (6) L1 @Yl [ON
as (%S9 €1 11/l L € D-uixay  600C ‘le3s gpmeyD
oensqe OOSY
as (%£2) 9 "¥d (%9) | 6 0 qewnwnybi4 800¢ ‘le 1@ sow|O
[0S] £-19€ :(€) 92 ‘|oduQ WD
as (%99) 8l "¥d (%EL) v | L l snuwijoloyeg 800¢ ‘le 18 elN
awodINQ  aseyd sid sid UOIUSAISI| BIEEYY Joyny
BumzoN  081SO ON

panuiuo) z'z e|qeL

27



SAM (€91 6-12L1L (01) € 's8y 4@2ueD ulD

as (%LL) L "4d (%) € I 6 g/skep g ioj Ajtep 30| Aq pemoyjop eydie 7| 661 ‘|2 18 YHOM
as (%£2) s skep ¢ 1o} Kep/,w/Bw G/ [29] £-z€7 +(z) €€ 4edue) [ ung
"dd (%52) £ 4D (%£2) 9 I [T episodole pue Aep/,w/Bg O] 40 sesinod oM /661 ‘e 19 19190
[1L9] ¥-L¥£ 82 4ooURD
40 %0 I Gl NY-pZ /B G/ | [9XeUPed 9661 ‘le 18 |ored
dd (%)
24D (%€) | iz wnens
dd (%12) vede sym ¢ passisiuiupe (skep [09] 26-£8 ¥Z '|02UQ Pad PaIN
88D (%L1) L 1| wneng I €¢ Gx,W/BW Q0 'Z) OPILEISOYl JO SBSIN0d OM| Gb6 1L ‘|e 3@ siuey
‘$3j@am z| 1o} Apj@am 9ouo uay ‘sxeem [6G] €6-181 /L
Z1 1o} Apjeam e01m1 3d-d1IN-] 'se|oho g o1 ‘lounww| Jown| siseydw3 Jeyrounwiw|
VN qll 6 dn Joy skep |z Kiens shep G oy ,wi/B gL O4  GbblL ‘|e 18 uewsuia|y|
.wv_>>

vN +O _m.uOH e ‘_OUF ~wV_>> N_‘ \_O+ v_>> e 22uo er_u
"SIM Z1 10§ M e 82IM3 Jd-d 17 ;W/Bw Z pey (g

dnoip) s1d 91 /(| dnoup) sad z|, ur M |, Joy [85] 6€6 :(2) 81 '|ooUO UlD [ Wy
as %9z I 9€ M e oMy y-| Bleno A1 W/BW Z 'Id-dLINT G661 ‘|e 18 uBWIBUIB|Y
mv_>> N_\ LOUF
M B 92UO UBY} ‘SYM Z| IO} M B 92Im] poliad [£G] 9-0L€EL 0L ‘|o2UuQ D r
N I 9l y-1 e Buunp pesnju w/Bw Z 3d-dLIN-T 2661 ‘|e 18 uBWIBUIB|Y
,w/Buw 0pg| JO 8SOp |e10} e Joj sinoy
Z1 Kene ,u/Bw gpg epiweydsoydojpAd G-198 :G9 “Usdue)
¥d 10 ¥D (%88) Gl I L1 Jw/Bw 009 A1 y-g/ opisodor] 0661 "“|e1e yseles
awoonQ  eseyd sid jo oN uolnuaAISlU| Jes\ loyiny

Chapter 2

Kjuo ewo1esoa1so Joy sjeli 9|qiBIja Jo solisualeIey) £°Z 9|qel

28



Phase I/1l clinical trials in Ewing and osteosarcoma

‘abed 1X8u Uuo senunuod gz a|qe|

s9|2/A0 g Jo wnwixew
e Joj 'y Kep uo uanib ,w/B z| X1IN |eA8iul
yum ‘skep |z Kians ‘g—| shep uo ,w/Bw oz

[0£] 0S-G¥€ :(€) 9 4@dURD POO|g Jielpad

4O %0 €L XOQ pue,w/Buw og| episodois ,w/6 6’72 04l 9002 |e 18 uewal DN

S4A %0 12594V pue DaH (691 §9-8501 0L 492ueD

pue %eg sem SO Jeak-¢ I zz  Aqpemojjo) 04l pue 'XOd dadD Jo sepPAkdz 5002 '|e 38 pediy

(/B

%LL §/) XOQ pue ‘(;w/buw oz1) 4aad ‘w/b z1) [89] 25-5¥88 € '|O2UO WD 1

SO PUe %79 S43 Jeak-g I Z8L XL ‘w/B G1) Ol 8s0p-yBiy jo sypojq oML 5002 '|e 39 LeLay

[£9] 9-L :(€/2) 8 "ewiodueS

as (%bl) Z dd (%) L I i M g A1ane A y-| ;W/Bw 0oL [9xe1920d 002 |e 10 uewal DN

sym g kiane [99] 0-Z€8 186 492UED

4O %0 I 14 NTY-pZ e se w/b 0w g’ upeagell €00z |e 10 aIaIpIoAeT]

%l S4Q Jeeh-¢ anosal [|22 [59]

%02 SO Jeak-¢ -wals Aq pamoj|oy spisodole pue unejdogied 9-0512 :(8) 0Z “ABojoouQ [ediul|D o |euinor

ad (%61) 9 4D (%81) ST 4 jo paisisuod Adessyrowsayd asop-ybiH  Z00Z ‘|e1e joiBey
sjuaiied
onelseIsw quuij Ul %91
pue |e3s|as [eixe ul %Ly

‘dllel1selow-uou-quul| Ul |P/;W/BW 00| 4D pue snjoq 9l 81121 0l “ABojoduQ jo sjeuuy

%Z9 SeM [BAIAINS 1eSk-G I €0l NLE-|P/W/Bwi G2 XOA ‘ZIP/W/B € 041 6661 ‘|e 19 81N0A

awoonQ  eseyd sid jo oN uolnuaAIalU| Jles)\ Joyiny

panuiuo) £z e|qeL

29



Chapter 2

"1010€} SISOID8U JNOWN] ‘YN[ ‘ewodles ‘Jeg

‘Kjoninoadsal ‘dsau ‘Ajisuaiul @sop aaile|al ‘|Qy {[BAIANS |[e1ano ‘SO ‘syuaned ‘sid jeainns EEI uoissaiboid 'S4 ‘oseasip anissaiboid ‘qq ‘esuodsal aa3dalgo
"§O ‘s|ge|ieae jou ‘YN ‘e1exanoyiaw ‘XN ‘eulwejoueyid |Apneydsoyd epndaduy jAweinw jewosodi| ‘J4-d1IN-T (g-unepeiul ‘g-| 9- unapeul ‘9-|
‘aplweysoll ‘04| ‘episodole ‘37| ‘erexanoyraw asop-ybiy ‘X1 N-dH 40108} Buiejnwins-Auojod 81400[nuel ‘4$H0) {[BAIAINS 9814 1USAS ‘'S4T ‘uIdignioxop ‘XOd
‘asuodsal 819|dwod ‘YD ‘spun Buiwioy Auojod ‘nyD ‘une|dsid ‘4g@D ‘uonerue|dsuer; woddns |j90 wials poojq [eseyduad snoBojoine | HSgdy ‘upAweLpe ‘Yay

Awwo_o
Jaybiy) as (%L4) oL 0=09150
(s0p 1s9mo)) A4S (%09) € 11/ 0z=1es 3[2A5/(nyo) stun Buiwioy Auojod |01 x g 03 [LG] £-1S91 :£L 43yl o
as (%8'8S) 0L Il Zz=0915Q  ,0lx8 WO Al O-UIXay Jo sesop Bunejessy 6002 ‘|e 18 gmeyD
‘v pue’e’z
%2 S4d ‘%05 skeq uo ,w/Bw ooz 1e episodole Aq pamoj|oy [7£] £-086Z :SL 1| 49dUD
1AL 18 SO 'As (%S€) 6 I 9z | Ae@ uo ;w/6  epiweydsoydophy 002 SEREREISER)
%G°G9 543 Jeak-g ¥yav pue [££] ¥Ob-L6€ ¥ 195 doyuo 1
%6 L[ SO Jeek-g I €11 'daad ‘XLA-QH Adessypowayd annesedoald 6002 |e 12 ojowem|
skep |z A1ane pareada
'~z sAep uo eusaw jo 8sop jusjeAinbs
%Z'8Y SO '%6'LY ue yum Aep ,w/6 o'z Ol pue | Aep uo ,w [2£] 09-55Z ‘2L *ABojoduQ
S4Q 4e94-G 4D (%92) 0L I 8¢ /Bw ool une|dsio ;w/Buw g6 uPIgnId3 /002 ‘|e 18 ueseseq
"dsal ‘%2z pue %t
se1es 5O Jeah-g pue -z
"dsau ‘o pue 9/
solel G4 Jeak-G pue -z dD pue 4adD yim Buneussyje
Nple) '3D) ‘unejdoqued ‘O|) Adessypowayd [L£] €5-9%91 601 4o2URD
(%9°9) L "¥d (%9°9) L _ 8¢z Aq pamojjos gx Ajiep ueserodol 00z ‘e 18 |3q1eS
awooinQ  eseyd sid jo oN UoluSAISIU| Jles\ Joyiny

panuiuo) £z o|qeL

30



Phase I/1l clinical trials in Ewing and osteosarcoma

For the number of patients enrolled in the eligible trials the results were disappointing
(Figure 2.2B), with an almost stable number of patients in osteosarcoma trials, except
for 1999, 2005 and 2009 when the results from larger phase Il trials were published
(Table 2.3). For Ewing sarcoma there were increasing numbers of patients in early phase
trials, especially in 2008 when the result of the largest trial in Ewing sarcoma patients
was published (Table 2.4). Out of all the 780 osteosarcoma patients enrolled in phase I/
Il trials including only osteosarcoma patients, 762 were evaluable and 58 patients (8%)
achieved complete response (CR), 21 (2.8%) showed partial response (PR) and 30 (4%)
developed stable disease (SD). For the trials enrolling only Ewing sarcoma patients, 869
were recruited and 840 were evaluable, 80 had CR (9.5%), 63 (7.5%) showed PR and 23
(3%) developed SD.

Looking at the trials subdivided for chemotherapy or biological treatment (Tables 2.1
and 2.2) in the past twenty years, there seems to have been a shift towards biologically
based treatments instead of chemotherapy. Even so most of the phase Ill trials are still

chemotherapy based treatments.

For current ongoing phase | and phase |l studies we found 156 trials that are open and
recruiting sarcoma patients. These trials recruit sarcoma patients in general or patients
with solid tumours or soft tissue sarcoma. Studies enrolling only osteosarcoma or Ewing
sarcoma patients are rare. For osteosarcoma we found four trials that are recruiting patients
and two that are already active but not yet recruiting patients (Table 2.5). Of the trials two
were testing chemotherapy treatment, three biologically agents and one a combination
of both. For Ewing sarcoma we found no trials that enrol only Ewing patients and two that

are still active but not currently enrolling patients.

When searching for studies that are enrolling sarcoma patients we found a number of trials
that were preliminary stopped. For example SARCO11, this is a phase Il trial of R1507, a
recombinant human monoclonal antibody to the Insulin-like growth factor-1 receptor for the
treatment of patients with recurrent or refractory Ewing sarcoma, osteosarcoma, synovial
sarcoma, rhabdomyosarcoma and other sarcomas. In December 2009, Roche/ Genentech
decided to discontinue the development of their IGF-1R antibody although the drug
had shown important clinical benefit http://www.cancer.gov/ncicancerbulletin/111610/
page5. Roche said the decision was due to the available clinical data, the large number
of molecules targeting the same pathway that are presently in development and the
prioritization of the Roche portfolio. The decision was not as a result of safety concerns.
Both this study, and a Phase I/Il with figitumumab (Pfizer) have been published since
completing this survey, and show low but durable response rates in a subset of relapsed
Ewing patients (10-20%) [17, 18].
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Table 2.5 Ongoing phase | or Il trials in osteosarcoma (Assessed from www.ClinicalTrials.gov)

ClinicalTrials.gov

Identifier Sponsors Title Status
NCT00102531 Transave Phase Ib/lla non-randomised study Recruiting
of SLIT Cisplatin by inhalation in the
treatment of patients with relapsed/
progressive osteosarcoma metastatic to
the lung
NCT01002092 Shandong A randomized, controlled multicenter Recruiting
Simcere-Medgenn  trial of Endostar combined with
Bio-pharmaceutical ~ chemotherapy for treatment of
Co., Ltd osteosarcoma (phase )
NCT00889057 Italian Sarcoma Phase Il, open label, non-randomized Recruiting
Group study of second or third line treatment
with Sorafenib (BAY 43-9006) in
patients affected by relapsed high-
grade osteosarcoma
NCT00752206 Sarcoma A randomized, double-blinded, Recruiting
NCT00923286 Alliance for placebo-controlled, multi-institutional,
Research through phase Il study of AZD0530, a selective
Collaboration Src kinase inhibitor, in patients with
(SARC) recurrent osteosarcoma localized to
the lung
NCT01005043 University of Phase I/Il therapy non-randomised trial Not yet
Heidelberg to determine the safety and efficacy of  recruiting
heavy ion radiotherapy in patients with
osteosarcoma
NCT00902044 Baylor College of Administration of Her2 Chimeric Not yet
Medicine antigen receptor expressing T Cells for recruiting

subjects with advanced osteosarcoma
(HEROS) (phase )

Bone sarcoma is fatal in approximately one third of the children and young adults in whom

it is diagnosed. This mortality rate has not changed greatly in the two decades since the

initial introduction of surgery and chemotherapy. The primary cause of death in treated

patients is recurrent metastatic disease often to the lung. In the group of patients who

present either with metastatic or relapsed disease, it is especially important to conduct

biologically based trials with small groups of patients from which quantitative and quick

answers of whether a treatment intervention is either working or not can be obtained.

Importantly, tumour material obtained may provide informative clues for future studies

especially if analysed with genomic technologies.
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Itis difficult to do trials in an orphan disease, mainly because of the problems of recruiting
enough eligible patients for the trial. In our literature search, we identified 42 phase I/II
trials for sarcoma patients which were published between 1990 and 2010. However the
phase | trials for general sarcoma (Table 2.1) are not complete, this is because of our search
criteria. With a PubMed search you only search the abstract of the article, so if sarcoma is
not mentioned there we didn’t find the article. In phase | trials quite a few different tumour
types are sometimes enrolled and only the one who show results are mentioned in the
abstract. Some of these articles we found in the Cochrane Controlled Trial Register or the
ClinicalTrials.gov database, but not all trials are registered in these databases. Except with
a very wide PubMed search using (phase 1) as only search criteria we don't think that it is

possible to find all phase | trials enrolling sarcoma patients.

Of the trials we did found with our search criteria twenty-one were phase |, two phase I/l
and nineteen phase |l trials. Only eight clinical trials included only Ewing sarcoma patients;
of this group two were phase | and six were phase Il trials. We found only twenty trials which
included only osteosarcoma patients. There were two phase |, sixteen phase Il, and two phase
/Il trials. A total of 3,736 patients were included in the clinical trials, of which 1,263 were
Ewing sarcoma and 1,114 were osteosarcoma patients. From the identified trials, the results
are not convincing for benefit and most of the time even disappointing, from osteosarcoma
trials we found 8% CR, 2.8% PR and 4% SD. For Ewing sarcoma the results are 9.5% CR, 7.5%
PR and 3% SD. And if the drugs seem to be effective, a lot of toxicity is reported (Tables 2.1,
2.2,2.3,2.4). Looking at the number of trials we found for sarcoma patients, the results seem
encouraging as a high number of patients were included. However, if we make a calculation
of the number of new Ewing sarcoma patients expected in the last twenty years, assuming
a world population of five billion and an incidence of 2 in 1.000,000, approximately 200,000
new cases would be expected in twenty years worldwide. Of these patients, we could only
find 1,263 reported and included in published clinical trials. For osteosarcoma the number is

even worse, with 500,000 new cases expected in twenty years and only 1,114 reported in trials.

To improve these results changes in conducting trials for orphan state diseases have
to be made. It is important to collaborate between nations; the Sarcoma Alliance for
Research through Collaboration (SARC) is a good example based principally in North
America. SARC is a non-profit organization started in 2003. Funding is provided by
generous donations, sponsors and grants. SARC works with healthcare professionals
as part of a collaborative multidisciplinary team from over 35 institutions in the USA.
It works with a number of international institutions and provides the infrastructure for
collaboration between physicians, researchers, and medical institutions from across the

worlds who are engaged in clinical research for development of new standards of sarcoma
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patient treatment, education, and prevention. This organization facilitates dialogue and
collaboration among sarcoma researchers and clinicians, assists in the development and
dissemination of protocols for clinical trials and information relating to sarcoma research
and the results of clinical trials, administers research grants and funding for clinical trials,
and acts as a primary resource for those treating patients with sarcoma. The EORTC Soft
Tissue and Bone Sarcoma Group is one of SARC's European counterpart, conducting
multicenter academic studies in sarcoma, including some early stage translational studies,
although it's main contribution in the past has been in the field of larger phase Il trials
soft tissue sarcoma. The European Osteosarcoma Intergroup, EURAMOS and EuroEwing
consortium are examples of groups acting primarily as platforms for phase Il studies in

bone sarcomas.

The EC-granted European network, EuroBoNeT http://www.eurobonet.eu, was the first
central organized network of excellence for integrated bone sarcoma research and staff
exchange, in order to increase and disseminate knowledge of primary bone tumours
at the molecular level for development of new tools for patient care. This integration,
exchange of material (virtual Bio-Bank), standard operating protocols and the use of
technology platforms enabled researchers to obtain statistically significant datasets,
otherwise not achievable due to the rareness of the condition and the large number of
sub-entities. Without these kinds of collaborations, the development of new treatment
strategies in osteosarcoma and Ewing sarcoma is going to be very difficult. But perhaps
most importantly is that phase I/Il clinical trials have to be conducted. To achieve this
funding needs to be established from industry and governments to feed through these
collaborative structures over time frames that might result in enduring progress. Recent
progress has also been made with the FP7 funding of EuroSarc, European trials in
rare sarcomas within an integrated translational trial network (2011-2016). In this new
translational trial network, the challenges of combining high quality disease research into
clinical trials in being addressed, and progresses the field beyond conventional trials and

the existing clinical trial networks.

In addition to the challenge of identifying the most promising agents for clinical trials in
bone sarcoma, obstacles inherent to this disease further complicate the successful design
and completion of trials of novel agents. In evaluating the efficacy of novel agents, the
standard approach is to use objective response criteria, such as Response Evaluation
Criteria in Solid Tumours (RECIST) [19], to compare the size and/or volume of lesions pre-
treatment and at regular intervals during and post-treatment. New methods for tumour
response which may be more precise are radiological response based on new criteria,
e.g. 18FDG-PET-CT and contrast enhanced MRI. For a patient to be eligible for a trial
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using this approach, he or she must have measurable disease. The traditional approach for
patients with relapsed bone sarcoma, in particular pulmonary relapse, has been surgical
resection, which at least temporarily renders a patient free of radiographic measurable
disease and thus, ineligible for most trials of novel agents. Unfortunately novel targeted
therapies may be most effective in the setting of minimal residual disease. The use of
creative surrogate end points to estimate response and perhaps render the combination
of surgical resection and treatment on trials of new agents not mutually exclusive would

allow for better evaluation of new therapies in patients with bone sarcoma [20].

When conducting the literature search we found that the results of many trials are not
published. We can only guess what the reason for this is, but is seems logical that the
trial results were disappointing. From the phase I/Il trials only a very limited number of
treatments proceeded to phase llI trial. For Ewing sarcoma we found three clinical trials
conducted in the last twenty years and two trials which are being recruiting at this moment
and for osteosarcoma we found twenty-two phase llI clinical trials and four active trials

currently recruiting patients and one is ongoing trial but not recruiting.

Most of the phase I/l trials that have been conducted recruited patients with general
sarcoma or solid tumours. In these trials it is very difficult to say anything about disease
specific response and it is therefore almost impossible to translate the results to clinical
practise and patients with a specific sort of cancer. Of course it is understandable why
researchers test a drug in different patient populations in the same trial, especially is rare
cancers like bone sarcoma, but it makes it more difficult to proceed to a disease specific

phase Il or even phase Il trial.

While the current standard of care continues to be multi-agent chemotherapy and surgical
resection, it is clear that further intensification of traditional chemotherapy regimens is
limited by toxicity, and new approaches are needed. Some promising novel agents are
currently in or are entering into phase |l trials in children with relapsed bone sarcoma.
For example, Muramyl Tripeptide Phosphatidylethanolamine (MTP-PE) is the first drug
to be approved for osteosarcoma in Europe for ten years [21]. In Ewing sarcoma the
identification of the Insulin-like Growth Factor 1 Receptor (IGF1R) pathway deregulation,
as a consequence of the EWS-FLI1 translocation seems to be a new treatment strategy
to be explored. The incorporation of these new treatments into the up-front therapy for

bone sarcoma in the near future holds promise for improving outcomes.
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