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Welcome... to the latest 
edition of Treatment Strategies - Oncology. 
This edition will address the key topical areas 
in the oncology field and features an exciting 
collection of papers from esteemed oncologists. 
 
Treatment Strategies - Oncology includes papers 
on topics such as 

• Intratumoural Heterogeneity
• Metastatic Soft Tissue Sarcomas
• Pineal Parenchymal Tumours
• Renal Cell Cancer
• Treatment of Meningiomas
• Tumour Proliferation

We hope that this publication will provide 
you with a comprehensive review of the latest 
updates and technological advances in medicine. 
 
Following on from a successful visit to Chicago, we 
have also included a review of the latest news and 
developments from this year’s ASCO meeting. 

So far, 2014 is proving to be a fantastic year for 

The Cambridge Research Centre, with some 

exciting changes including Treatment Strategies 

TV, where you can find footage from the most 

important scientific conferences, meetings and congresses, as well as interviews, symposia 

proceedings, roundtable events and much more. We also launched our range of interactive 

eBooks on iBooks, which is a great new way to read and download our content to your 

devices. Have you liked our new Facebook page? Here you can find all of the latest news 

about new projects and upcoming releases, and the Treatment Strategies’ team are also all 

active on Twitter and LinkedIn.  

See you in Chicago for ASCO 2015.

Nigel Lloyd,  Managing Director

TREATMENT STRATEGIES  
ONCOLOGY
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4 – 6 September 2015
Paris, France

ILCA 2015
The International Liver Cancer Association Announces its 9th Annual Conference

Conference Highlights:

State-of-the-Art Lectures

Cutting Edge Symposia

General Sessions

Interactive Luncheon Workshops  

e-Poster Viewing Tours

Industry Exhibition

Networking Breaks and Reception

www.ilca2015.org 
Abstract submissions open in January 2015

The international multidisciplinary forum for liver cancer 
experts around the latest innovations in research and care
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Clinical Management and Molecular Features of Low to 
Intermediate-grade Pineal Parenchymal Tumours
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A. Haas-Kogan1*
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Radiology and Biomedical Imaging, University of California San 
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3 Welcome
Nigel Lloyd, Managing Director, The Cambridge Research Centre
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The American Society of Clinical Oncology 
(ASCO) celebrated the 50th anniversary of its 
founding at its Annual Meeting this year. The 
Annual Meeting began on 30th May and ran 
through to 3rd June 2014 in the McCormick 
Place convention facility, Chicago. 

Oncology professionals from around the 
world gathered to learn about, debate, 
and discuss exciting breakthroughs and 
advances in oncology. Attendees of the 2014 
Annual Meeting heard clinical and scientific 
results that promise to broaden and 
accelerate global progress against cancer. 

ASCO was founded in 1964 and is the 
world’s leading professional organisation 
representing physicians who care for 
people with cancer. With nearly 35,000 
members, ASCO is committed to 
improving cancer care through scientific 
meetings, educational programmes and 
peer-reviewed journals. ASCO is supported 
by its affiliate organisation, the Conquer 
Cancer Foundation, which funds ground-
breaking research and programmes that 
make a tangible difference in the lives of 
people with cancer. 

The Annual Meeting provides the 
opportunity for clinicians to get together, 
see old friends, and discuss varied 
interpretations of new data and most 
importantly identify better practices 
in improving patient care through the 
dissemination of better information. 

Every year ASCO’s Annual Meeting brings 
together in one place the largest number 
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of leading clinicians, clinical investigators and translational scientists along 
with a growing number of cancer care providers, all of whom share a drive 
to improve the lives of patients with cancer. Moreover, every year from this 
collection of dedicated, focused, and truly remarkable people emerges new 
insight, new ideas, new concepts and new opportunities. 

The speed and efficiency of face-to-face communications and the 
collective wisdom found in a room of experts who are hearing and 
discussing new data for the first time is what makes this meeting 
significant in cancer advancement.

In addition, electronic tools were used to maximise the message from ASCO 
2014, and there were Twitter feeds and disease-specific hashtags in addition 
to #ASCO14.

The 2013-2014 ASCO President Clifford A. Hudis, MD, FACP, of Memorial Sloan 
Kettering Cancer Centre, chose the theme for this year’s Annual Meeting. The 
theme for ASCO’s 50th Annual Meeting was “Science and Society” and focused 
on opportunities for the community of clinicians and researchers to lead the 
society in the quest for knowledge and insight. The meeting highlighted the 
unique role that clinicians who treat cancer can play in closing knowledge 
gaps that can develop between those who work in science and those who 
govern and lead society. As the depth of scientific understanding increases 
and the number of effective therapeutic options multiplies, there will be a 
growing need to communicate clinically important advances with precision 
and to convey the benefits of societal investment in science. Even within the 
increasingly specialised medical professional community, there is a growing 
need for on-going and efficient communications so that everyone can keep 
up with advances in many areas of cancer prevention and treatment.

The theme, “Science and Society” echoes and supports the fact that one 
cannot exist without the other, that each has obligations and responsibilities 
for the other, and that each is critical to the improvement of the lives of 
everyone with or worried about cancer.

ASCO’s Education Programme reflected the concerns, priorities, and issues 
that affect every oncology professional. There were multidisciplinary 
sessions that emphasised collaborative care in the management of 
different cancers, topics relevant to daily practice, tools for delivering high 
quality care, global health challenges in oncology, and understanding 
molecular pathways and genomics.

Several themes emerged organically from the Education Programme, which 
reflected the prevailing interests and concerns in the contemporary practice 
of oncology. Attendees found discussions on cost of care and value integrated 
into many sessions; ample coverage of hot-topic issues, including genomics, 
global practice and research, environmental and behavioural contributors to 
cancer (including obesity, vitamins, tobacco, and inflammation); and a look 
ahead to new scientific horizons and the future of cancer care.

A record 5,530 abstracts were submitted this year, with more than 2,900 
selected for presentation in Oral Abstract Sessions, Clinical Science Symposia, 
or Poster Sessions - a testament to the robustness of clinical cancer research 
and the exciting advances occurring in labs and practices across the globe. In 

14
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addition, more than 2,200 abstracts were selected for online publication.

The Plenary Session, where the most clinically significant abstracts are 
presented and discussed, took place on Sunday and was broadcast live on 
ASCO Live.

Four abstracts were selected for presentation which examined combined 
treatment strategies across three common disease sites: breast cancer 
(hormone manipulation and HER2 blockade), colorectal cancer and 
prostate cancer.

Three Post-Plenary Discussion Sessions, one for each disease site, were 
held directly following the Plenary Session to allow for more discussion 
with presenters and speakers on the presented abstracts. The discussions 
included; Genitourinary Cancer, Gastrointestinal Cancer and Breast Cancer.

In today’s climate of escalating healthcare costs and multiple therapeutic 
options, it’s more important than ever to focus on providing high-quality, 
high-value care for all patients with cancer. ASCO’s commitment to helping 
oncology providers and their patients understand the relative value of 
treatment options is reflected in this year’s Programme, and attendees heard 
and took part in conversations about value led by discussants in numerous 
Oral Abstract Sessions. Discussants with expertise in value in cancer care will 
participate in two Highlights of the Day Sessions and the three Post-Plenary 
Discussion Sessions, where they will provide context for the findings related 
to cost of treatment, adverse events, and outcomes, as appropriate.

The Annual Meeting reflects a year-round effort on the part of ASCO staff, 
leadership and, most importantly, volunteers, who are working to make sure 
it reflects the accomplishments of ASCO’s first 50 years.

ASCO’s Annual Meeting aims to showcase the understanding of cancer 
and provides the opportunity to transform these insights into meaningful 
clinical benefits. Challenging the progress in cancer treatment is time, 
money, and imagination, which are being addressed where possible.

ASCO’s CancerLinQ™ programme was highlighted at the meeting and will 
be promoted throughout the remainder of the year. Clinicians need to gain 
back time lost to paperwork and documentation to devote to research 
and the CancerLinQ promises to accelerate learning, provide useful clinical 
support, and return meaningful data using various electronic record 
systems. It offers the possibility of more return on the investment of time we 
all make in patient care.

Attendees had the opportunity to help build the future of cancer care by 
supporting the Conquer Cancer Foundation. The foundation aimed to raise 
$50,000 over the course of the meeting. The funds raised will help to support the 
Foundation’s Mission Endowment, providing lasting support for some of ASCO’s 
most critical priorities; Research; Professional education; Patient education and 
information International outreach and Quality of and access to care.

Delegates were also encouraged to note areas where they thought there would 
be opportunity for improvement so that next year’s Meeting can be improved. 

15
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Chicago is the third most populous city in the United States and 
is the most populous city in both the U.S. state of Illinois and the 
American Midwest. 

Its metropolitan area, sometimes called Chicagoland, is home to 9.5 
million people and is the third-largest in the United States.

Chicago was incorporated as a city in 1837, near a portage between the 
Great Lakes and the Mississippi River watershed. The Chicago of today 
is an international hub for finance, commerce, industry, technology, 
telecommunications, and transportation, with O'Hare International 
Airport being the busiest airport in the world. 

In 2012, Chicago was listed as an alpha global city by the Globalisation 
and World Cities Research Network, and ranks seventh in the world in the 
2014 Global Cities Index

Chicago's culture includes contributions to the visual arts, novels, film, 
theatre, especially improvisational comedy, and music, particularly jazz, blues, 
soul, and the creation of house music. The city has many nicknames, which 
reflect the impressions and opinions about historical and contemporary 
Chicago. The best-known include the "Windy City" and "Second City." 

Chicago has professional sports teams in each of the major professional 
leagues.

Chicago 
USA

16
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Immunicum presented phase I/II data including data on their 
clinical candidate, INTUVAX, in patients with metastasised 
renal cell carcinoma (mRCC), during a general poster session.

In addition to demonstrating a favourable safety profile, 
INTUVAX, as a single agent, has shown clear signs of tumour 
specific immune activation and encouraging survival data 
for patients with poor prognosis. Furthermore, preliminary 
data indicate a synergistic effect between INTUVAX and 
subsequent treatment with tyrosine kinase inhibitors (TKIs).

Nine out of 11 evaluated patients exhibited an increased 
number of tumour specific and IFN-gamma producing 
lymphocytes (ELISPOT-assay including addition of autologous 
tumour material) when comparing pre-values with values 
obtained 1 week after the second vaccination.

A massive infiltration of CD8+ T cells was found in 5 out of 12 
removed kidney tumours which, to the best of Immunicum’s 
knowledge, is the most intensive and general intratumoural 
infiltration of CD8+ T cells ever reported in any human solid 
tumour. An additional two patients also showed a strong 
intratumoural infiltration of CD8+ T cells.

No initial objective tumour regression (according to so-called 
RECIST-criteria) was observed in any patient. However, three of 
the four patients who have so far received subsequent therapy 
with TKIs (3, 4, 9, and 17 months after vaccination), show an 
on going partial tumour regression. One of these responding 
patients (Heng/MSKCC poor prognosis) exhibited an extensive 
sarcomatoid transformation of the resected primary tumour. 
Notably, another responding patient with MSKCC poor 
prognosis, and who developed 4 brain metastases 4 months 
after INTUVAX treatment, has responded with a complete 
disappearance of two lesions and prominent shrinkage (>60%) 
of the other two lesions 6 months after initiation of sunitinib 
treatment. These two cases of objective response upon 
subsequent sunitinib treatment is surprising since recent data 
indicate that brain metastases as well as RCC with extensive 
sarcomatoid transformation are highly resistant to sunitinib.

Two patients exhibiting a late ongoing clinical response without 
add-on therapy, despite initial slow progress. One patient 
exhibits an ongoing stable disease for more than 6 months after 
previous slow tumour progression for 15 months. Remarkably, 
yet another patient exhibited an ongoing late objective partial 
(>40 %) tumour regression, without add-on therapy with TKIs 

that started after 16 months of very slow progression.

One year survival rate for the whole study group is currently at 
63% (8 of 11 patients up for efficacy evaluation are still alive) 
which is comparable with historical data for newly diagnosed 
poor + intermediate prognosis patients on sunitinib or 
sunitinib + autologous DC-based cancer vaccination.

Median overall survival (mOS) for the whole patient population, 
or for different prognosis groups (poor and intermediate), is 
still not reached but has currently already surpassed recently 
reported mOS for newly diagnosed mRCC patients with MSKCC 
poor prognosis receiving upfront sunitinib before nephrectomy 
or newly diagnosed mRCC patients with Heng poor prognosis 
receiving an autologous DC-based cancer vaccine + sunitinib 
(12.7 vs 9.0 and 13.4 vs 9.1 months, respectively).

Median OS (from diagnosis) for the patient group with poor 
prognosis (Heng criteria) and concomitant extensive sarcomatoid 
differentiation (n=3, one received sunitinib 3 months after 
vaccination) was 7.5 months, which compares favourably with 
recent published data on mOS (from diagnosis), which was 3.0 
months in this subgroup with very poor prognosis.

No clear-cut correlation between the numbers of injected 
vaccine cells, degree of HLA-incompatibility between vaccine 
cells and patient tissue or intratumoural infiltration of CD8+ 
T cells and OS has been observed. However, in patients with 
sarcomatoid differentiation (n=6) a tendency to prolonged 
survival is found in those with massive intratumoural 
infiltration of CD8+ T cells; OS for 2 patients with moderate 
CD8+ T cell infiltration was 3.8 and 7.5 months respectively 
and OS for 4 patients with massive infiltration was 7.0 months 
for one patient, while 3 patients are still alive at 10.0, 14.2 and 
21 months after diagnosis.

Immunicum’s findings indicate that intratumoural injection 
of pre-activated allogeneic DCs is safe and induces a systemic 
CTL-mediated anti-tumour response that may prolong survival 
in mRCC-patients. Moreover, data on patients who have 
received additional treatment with TKIs indicate a synergistic 
effect between intratumoural INTUVAX-vaccination and 
subsequent treatment with TKIs. A fully financed phase II study 
is currently in the final phase of planning.

For more information, please visit 
www.immunicum.com

Data on the Treatment of 
Metastasised Renal Cell Carcinoma
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Eisai Co., announced a series of abstracts 
highlighting new study results on Halaven® 
(generic name: eribulin mesylate; non-taxane 
microtubule dynamics inhibitor, “eribulin”) 
and lenvatinib (generic name; selective 
inhibitor of receptor tyrosine kinases (RTKs) 
with a novel binding mode) were presented 
during the 50th Annual Meeting of the 
American Society of Clinical Oncology.

The main presentations for this year’s 
ASCO meeting included oral presentations 
highlighting the results of a Phase III study 
(the SELECT (Study of E7080 lenvatinib 
in differentiated Cancer of the Thyroid) 
study, Study 303) with lenvatinib, an 
investigational agent being evaluated 
as a potential treatment for radioiodine-
refractory differentiated thyroid cancer 
(RR-DTC), given on Monday, June 2nd. 

In addition, these findings were chosen by 
ASCO and featured in a press conference 
as part of the ASCO Annual Meeting press 
program on Saturday, May 31st. 

New data on eribulin from the pooled 
analysis of two Phase III trials (Study 301 
and the EMBRACE trial) in patients with 
metastatic breast cancer was also presented.

Major Eisai abstracts accepted for presentation 
at this year’s ASCO meeting include:

•	 A phase III, multicentre, double-
blind, placebo-controlled trial of 
lenvatinib (E7080) in patients with 
131I-refractory differentiated thyroid 
cancer (SELECT).

•	 Prognostic and predictive role 
of circulating angiopoietin-2 in 
multiple solid tumours: An analysis of 
approximately 500 patients treated 
with lenvatinib across tumour types.

•	 A multicentre, open-label, phase 
III trial to compare the efficacy and 
safety of lenvatinib (E7080) versus 
sorafenib in first-line treatment 
of subjects with unresectable 
hepatocellular carcinoma.

•	 E7080 (lenvatinib) in addition to 
best supportive care (BSC) versus 
BSC alone in third-line or greater 
nonsquamous, non-small cell lung 
cancer (NSCLC).

•	 Efficacy of eribulin in patients (pts) 
with metastatic breast cancer (MBC): A 
pooled analysis by HER2 and ER status.

•	 Clinical effects of prior anthracycline 
or taxane use on eribulin as first-line 
treatment for HER+/- locally recurrent 
or metastatic breast cancer (BC): 
Results from two phase II, multicentre, 
single-arm studies.

•	 Clinical effects of prior trastuzumab 
on combination eribulin mesylate 
plus trastuzumab as first-line 
treatment for HER2+ locally recurrent 
or metastatic breast cancer (MBC): 
Results from a phase II, single-arm, 
multicentre study.

•	 Phase II feasibility study of 
dose-dense doxorubicin and 
cyclophosphamide (AC) followed by 
eribulin mesylate with or without 
prophylactic growth factor (GF) for 
adjuvant treatment of early-stage 
breast cancer (EBC).

•	 Phase II study of eribulin mesylate 
in patients (pts) with advanced soft 
tissue sarcoma (STS).

•	 Pharmacokinetics (PK) of eribulin 
mesylate in cancer patients (pts) with 
normal and impaired renal function.

For more information, please visit 
www.eisai.com

Data on Investigational 
Anti-cancer Agent
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NuCana presented impressive clinical data for their first-in-class anti-cancer 
agent, Acelarin. 

NuCana is a clinical stage biopharmaceutical company developing and 
commercialising a range of exciting, new anti-cancer medicines. With its next 
generation of anti-cancer agents (nucleotide analogues), NuCana is setting new 
benchmarks for innovative therapeutic treatments. The state-of-the-art ProTide 
technology transforms existing therapies into better and safer medicines that 
overcome key cancer resistance mechanisms.

Patients with advanced, solid tumours relapsed or refractory to standard 
therapies were treated with Acelarin in a Phase I/II study (ProGem1) and an 88% 
disease control rate was achieved. The study has reached its primary objective, 
having established the recommended Phase II dose (RP2D) with a favourable 
safety profile.

The very positive clinical results with Acelarin were selected for oral discussion 
at ASCO’s Poster Highlight Session. Of the twenty five evaluable patients that 
received two or more cycles of Acelarin, 20% achieved a Partial Response and 68% 
Stable Disease. This equates to an 88% disease control rate, which in the majority 
of cases was durable.

Acelarin is the first of a new class of agents in cancer, ProTides. These medicines 
are specifically designed to bypass the key resistance mechanisms that block the 
action of nucleoside analogues, which are widely used in cancer therapy.

In addition to the high disease control rate, Acelarin was well tolerated, with 
no unexpected adverse events (AEs). The most common AEs Grade 1 or 2 were 
anaemia; fatigue; transaminitis and thrombocytopaenia. Two dose limiting 
toxicities were observed, Grade 3 ALT and Grade 4 thrombocytopaenia.

The key to the successful clinical outcomes with Acelarin is found in its 
pharmacokinetic profile. Acelarin generates over 12 times higher intracellular 
levels of the active nucleotide analogue, dFdCTP compared with gemcitabine, and 
rapidly reached its Cmax, 30 minutes from end of infusion.

The ProGem1 study has completed its primary objective and has now entered 
an expansion stage at the RP2D to further assess the efficacy and safety profile 
of Acelarin in selected tumour types. Registration studies are being planned for 
pancreatic, biliary, ovarian and non-small cell lung cancers.

For more information, please visit 
www.nucana.com

High Disease Control Rate with Acelarin
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Seattle Genetics presented interim phase 1 
clinical data from SGN-CD19A, an antibody-
drug conjugate (ADC) in development for the 
treatment of B-cell malignancies. SGN-CD19A is 
an ADC targeting CD19, a protein expressed on 
B-cell malignancies.

With over 16 years of experience and 
knowledge in ADC innovation, Seattle Genetics 
is the leader in developing ADCs, a technology 
designed to harness the targeting ability of 
antibodies to deliver cell-killing agents directly 
to cancer cells. 

Of the more than 30 ADC candidates in clinical 
development, greater than 20 utilise Seattle 
Genetics’ proprietary ADC technology. Seattle 
Genetics and its collaborators, including 
Genentech, AbbVie and Progenics, have nine 
data presentations at ASCO that highlight the 
widespread evaluation of its ADC technology to 
potentially impact the way cancer is treated.

Interim analysis of a phase 1, open-label, dose-
escalation study of SGN-CD19A in patients with 
relapsed or refractory B-lineage non-Hodgkin 
lymphoma (Abstract #8505, oral presentation 
Sunday, June 1st at 9:48 a.m. Central Time)

Data was reported from 37 patients with 
relapsed or refractory aggressive B-cell non-
Hodgkin lymphoma (NHL), including 32 patients 
with diffuse large B-cell lymphoma (DLBCL), four 
patients with mantle cell lymphoma (MCL) and 
one patient with Grade 3 follicular lymphoma. 
The median age of patients was 65 years and 
the median number of prior systemic therapies 
was two, with 10 patients (27 per cent) having 
received a prior autologous stem cell transplant. 
Among enrolled patients, eight per cent were 
primary refractory, 54 per cent were refractory to 
their last treatment and 38 per cent had relapsed 
following a response to their last treatment.

The primary endpoints of the on-going clinical 
trial are to estimate the maximum tolerated 
dose and to evaluate the safety of SGN-CD19A. 
In addition, the trial is evaluating antitumour 
activity, pharmacokinetics, progression-free 
survival and overall survival. In this dose-
escalation study, patients receive a single dose 
of SGN-CD19A on an every 3-week basis. Key 
findings included:

No dose limiting toxicity was observed in the 
first cycle for any patients. Adverse events were 
observed in the 6 milligrams per kilogram 
(mg/kg) dosing regimen after the first cycle, 
therefore enrollment was discontinued. The 3, 4 
and 5 mg/kg cohorts are being expanded, and 
the trial continues to enroll.

At the time of data analysis, of the 37 patients 
treated across all dose levels, the objective 
response rate observed was 30 per cent (11 
patients). Six patients (16 per cent) achieved a 
complete remission, five (14 per cent) achieved 
a partial remission, 13 (35 per cent) had stable 
disease and 13 (35 per cent) had progressive 
disease as best response. The clinical trial is 
on-going with nine of the 37 patients (24 per 
cent) remaining on treatment and new patients 
continuing to be enrolled.

The most common adverse events of any grade 
occurring in more than 30 per cent of patients 
were blurred vision (51 per cent), fatigue (38 per 
cent), dry eye (35 per cent), constipation (30 per 
cent) and keratopathy (30 per cent). Grade 3 or 
higher adverse events observed in two or more 
patients included blurred vision (six patients), 
keratopathy (three patients), low platelet count 
(three patients) and anaemia (three patients).

For more information please visit 
www.seattlegenetics.com

Data from Clinical Trial of 
Antibody-drug
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Cabozantinib and Cobimetinib were the subject 
of ten presentations at ASCO 2014 by Exelixis.

Exelixis is a biopharmaceutical company 
committed to developing small molecule 
therapies for the treatment of cancer. Exelixis is 
focusing its development and commercialisation 
efforts primarily on COMETRIQ® (cabozantinib), 
its wholly owned inhibitor of multiple receptor 
tyrosine kinases. Another Exelixis discovered 
compound, cobimetinib is a highly selective 
inhibitor of MEK, is being evaluated by Roche 
and Genentech in a broad development 
program under collaboration with Exelixis. 

Cabozantinib inhibits the activity of tyrosine 
kinases including MET, VEGFRs and RET. These 
receptor tyrosine kinases are involved in both 
normal cellular function and in pathologic 
processes such as oncogenesis, metastasis, 
tumour angiogenesis, and maintenance of 
the tumour microenvironment. COMETRIQ® 
(cabozantinib) is currently approved by the U.S. 
Food and Drug Administration for the treatment 
of progressive, metastatic medullary thyroid 
cancer (MTC).

Cobimetinib is an inhibitor of MEK, a serine/
threonine kinase that is a component of the RAS/
RAF/MEK/ERK pathway. This pathway mediates 
signalling downstream of growth factor 
receptors, and is prominently activated in a wide 
variety of human tumours. In preclinical studies, 
oral dosing of cobimetinib resulted in sustained 
inhibition of MEK in RAS or BRAF mutant tumour 
models. Cobimetinib is being developed by 
Roche and Genentech, a member of the Roche 
Group, under collaboration with Exelixis.

Presentation included: 
•	 Effect of cabozantinib on 

immunosuppressive subsets in metastatic 
urothelial carcinoma

•	 Phase 1 dose finding study of 

cabozantinib (cabo) + abiraterone (abi) 
combination therapy in castration 
resistant prostate cancer (CRPC): An 
investigator-sponsored study

•	 Phase II trial of XL184 (cabozantinib) plus 
erlotinib in patients (pts) with advanced 
EGFR-mutant non-small cell lung cancer 
(NSCLC) with progressive disease (PD) on 
epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor (TKI) therapy: a 
California Cancer Consortium phase II trial 
(NCI 9303)

•	 Phase 3 randomised, double-blind, 
controlled study of cabozantinib 
(XL184) versus placebo in subjects with 
hepatocellular carcinoma who have 
received prior sorafenib (CELESTIAL; 
NCT01908426)

•	 A phase II trial of cabozantinib in 
patients with carcinoid and pancreatic 
neuroendocrine tumours

•	 Phase II study of XL184 (Cabozantinib) in 
recurrent or metastatic endometrial cancer: 
A trial of the PMH, Chicago and California 
Phase II Consortia.

•	 A phase I study of Cabozantinib (XL184) in 
children and adolescents with recurrent 
or refractory solid tumours, including CNS 
tumours: A Children’s Oncology Group 
phase I consortium trial

•	 Phase 3 randomised study of cabozantinib 
(XL184) versus everolimus in subjects with 
clear cell renal cell carcinoma (METEOR)

•	 A safety study of cabozantinib (C) plus 
docetaxel (D) and prednisone (P) in 
metastatic castrate-resistant prostate 
cancer (mCRPC)

•	 Metabolic tumour burden for prediction of 
overall survival following combined BRAF/
MEK inhibition in patients with advanced 
BRAF mutant melanoma

For more information, please visit 
www.exelixis.com

Cabozantinib and Cobimetinib Featured in 
Ten Presentations 
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Data Presented on 27 Different 
Medicines 
Roche presented new data on approved medicines, investigational-targeted combinations and the emerging pipeline.

Data in more than 19 tumour types was presented, including new results from the investigational cancer immunotherapy 
MPDL3280A (anti-PDL1) in advanced bladder cancer and the Bcl-2 inhibitor GDC-0199/ABT-199 in haematology.

Roche presented new data on nine approved and 18 investigational medicines during the Meeting. Of the more than 320 abstracts 
on Roche medicines, more than 40 were accepted for oral presentation during the ASCO Annual Meeting.

The data presented at ASCO shows the depth and strength of Roche’s oncology pipeline and include the following highlights:

Cancer Immunotherapy: A phase 1 study of anti-PDL1 in advanced bladder cancer was presented in an oral session on Saturday 
31st May. The presentation featured important updates including; overall response rate, biomarker and safety information. As part 
of Roche’s global development plan to explore the potential of multiple immunotherapy targets in oncology, anti-PDL1 represents 
Roche’s most advanced investigational cancer immunotherapy in development.

Haematology: In addition to data from Roche’s anti-CD20 medicines MabThera/Rituxan (rituximab) and Gazyva (obinutuzumab), 
new data from two investigational medicines were presented for the first time at ASCO. The data included interim results of a 
phase 1b study of the Bcl-2 inhibitor GDC-0199/ABT-199 in combination with rituximab in patients with relapsed/refractory chronic 
lymphocytic leukemia and results of a phase 2 study of polatuzumab vedotin, an anti-CD79b antibody drug conjugate in relapsed/
refractory non-Hodgkin lymphoma.

For more information please visit 
www.roche.com
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NeoStem, a leader in the emerging cellular therapy 
industry, announced results of a pooled analysis 
indicating that Melapuldencel-T, an investigational 
patient-specific immunotherapy for metastatic 
melanoma, may increase survival rates significantly for 
patients at the most advanced stages of the disease. 

Melapuldencel-T, developed by California Stem 
Cell, Inc. and now NeoStem’s most advanced 
product candidate and foundation for its Targeted 
Immunotherapy Program in oncology, is a late stage 
novel proprietary cancer cell therapy. 

Melapuldencel-T has been approved to enter this 
trial with a Special Protocol Assessment (“SPA”) 
from the Food and Drug Administration (“FDA”) and 
has received Fast Track designation for metastatic 
melanoma, as well as Orphan Drug designation. The 
pooled results may not be predicative of our future 
Phase 3 results, in part because all patients will be 
treated using current day standards of care, and the 
Phase 3 study design will not include any uncontrolled 
data or cross-study comparisons, allow patients to be 
excluded from the analysis after data are collected, or 
permit pooling of different studies. Initially directed at 
patients with metastatic melanoma, Melapuldencel-T 
uses the patient’s isolated and purified tumour stem 
cells to train the immune system to identify and 
eliminate cancer stem cells, the root cause of tumour 
formation and the key drivers of tumour escape, 
tumour genesis, self-renewal and recurrence in a broad 
spectrum of solid tumour cancers. The platform on 
which Melapuldencel-T is created, in which autologous 
dendritic cells are pulsed with irradiated tumour cells 
(DC/TC), is also being investigated for other indications 
including hepatocellular carcinoma and other immune 
responsive tumour types.

Robert O. Dillman, MD, study author and Vice-
President, NeoStem Oncology presented the findings 
on Sunday, June 1st in a poster. The analysis presented 
included a subset of pooled data from three melanoma 
clinical trials, conducted successively from 1990-2011. 
Two of these trials (one of which was controlled and 
one of which was not) studied Melapuldencel-T. The 
new pooled analysis indicates significantly better 
five-year overall survival rates in patients treated 
with Melapuldencel-T than those treated with the 

comparator therapy (autologous tumour cells that had 
been irradiated to render them inactive) for the subset 
of patients who still had evidence of disease after prior 
treatment with one or more standard therapies.

Melapuldencel-T is an autologous immunotherapy 
intended to eliminate cancer-initiating (stem) cells 
capable of causing disease recurrence. The therapy 
employs the patient’s own tumour cells and dendritic 
cells (a type of immune cell), along with granulocyte-
macrophage colony stimulating factor (GM-CSF, a 
natural growth factor that stimulates white blood 
cells in the body). The patient’s dendritic cells are 
mixed with the patient’s tumour cells to create the 
therapeutic agent, which is then suspended in GM-CSF 
for injection into the patient.

Melapuldencel-T was developed by California Stem Cell, 
Inc., which was acquired by NeoStem in May 2014. 

NeoStem is initiating a Phase 3 study of Melapuldencel-T 
later this year under a Special Protocol Assessment 
agreement with the U.S. FDA and the therapy has been 
granted fast-track designation by the agency as well.

The poster was based on further analysis of previously 
published data from 170 patients enrolled in three 
studies: a single-arm Phase 2 trial of irradiated, 
proliferating, autologous tumour cells, a single-arm 
Phase 2 trial of Melapuldencel-T, and a randomised 
trial directly comparing the two treatments. Twenty-
seven comparator-treated patients were excluded to 
decrease interpatient differences associated with poor 
survival. Remaining patients were classified as NED or 
non-NED.

The analysis described addressed whether better 
survival was also associated with Melapuldencel-T in 
the non-NED patients (n=73). Survival curves were 
generated for 39 patients treated with Melapuldencel-T 
and 34 patients treated with the comparator, and 
compared by log-rank test. Five-year overall survival for 
all 73 non-NED patients was 27 per cent (median 25.5 
months). 

For more information please visit 
www.neostem.com
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Investigational Patient-specific 
Immunotherapy
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Argos Therapeutics announced updated results 
from a completed phase 2 study of its Arcelis™ 
technology platform.

Argos Therapeutics is a biopharmaceutical company 
focused on the development and commercialisation 
of fully personalised immunotherapies for the 
treatment of cancer and infectious diseases using its 
Arcelis™ technology platform. 

Arcelis is a fully personalised immunotherapy 
technology that captures mutated and variant 
antigens that are specific to each patient's disease. 
It is designed to overcome immunosuppression by 
producing a durable memory T cell response without 
adjuvants that may be associated with toxicity. 

The results of the study highlighted the long-term 
survival observed in patients treated with sunitinib 
combined with AGS-003, the company’s investigational 
fully personalised immunotherapy for cancer.

Argos' most advanced product candidate, AGS-003, 
is being evaluated in the pivotal ADAPT Phase 3 
clinical trial for the treatment of metastatic renal 
cell carcinoma (mRCC). The company also plans to 
report data from its Phase 2b trial of AGS-004 for the 
treatment of HIV in mid-2014. 

The results were presented in a poster presentation at 
the ASCO Annual Meeting on Friday, May 30th, 2014.

According to the results of the study treatment 
with AGS-003 in combination with sunitinib in an 
unfavourable risk mRCC patient population, resulted 
in median progression free survival (PFS) of 11.2 
months and median overall survival (OS) of 30.2 
months. Based upon recently published findings 
from the International mRCC Database Consortium, 
similar risk mRCC patients with a time from diagnosis 
to treatment of less than one year risk factor (DxTx < 
1yr) have an expected median PFS of 5.7 months and 
median OS of 14.7 months. 

In addition, 33 per cent of patients survived for 
greater than 4.5 years and 23% for more than five 
years, with two patients remaining in long-term 
remission for longer than five years following 
continued dosing with AGS-003. Adverse events (AEs) 
associated with the use of AGS-003 were minor with 
no grade 3 or 4 AEs and no evidence of autoimmunity.

AGS-003 is a fully personalised immunotherapy 
comprised of autologous tumour RNA-loaded 
dendritic cells. To create AGS-003, ribonucleic acid 
(RNA) is isolated from a small tumour sample taken 
from the patient in a standard tumour removal 
procedure s dendritic cells are obtained from a single 
leukapheresis procedure. 

The tumour RNA is used to program optimised 
dendritic cells with the entire disease-antigen 
repertoire from the patient's tumour to trigger an 
immune-specific cancer. The antigen-loaded dendritic 
cells are then formulated into an intradermal injection 
for administration to the patient.

On Monday, June 2nd, 2014, Argos presented 
an update on progress in the on going ADAPT 
Phase 3 clinical trial for AGS-003 in a separate 
poster presentation at ASCO. The poster, entitled 
"Enrollment insights in the synchronous mRCC 
population: An update from the ongoing ADAPT 
Phase 3 study experience", was presented by Robert 
A. Figlin, MD, FACP

The ADAPT study is a randomised international 
Phase 3 trial comparing standard targeted therapy 
plus AGS-003 to standard therapy alone in the 
treatment of mRCC. More than 120 sites in North 
America and select other countries have been 
activated and > 400 patients have been consented 
for the tumour collection phase of the study.

For more information visit: 
www.argostherapeutics.com
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Tokai Pharmaceuticals is a biopharmaceutical company focused on developing new treatments for prostate cancer and other hormonally 
driven diseases. The company’s lead drug candidate, galeterone (TOK-001), is a first-in-class, multi-targeted, oral small molecule drug being 
developed for the treatment of patients with castration-resistant prostate cancer (CRPC). Based in Cambridge, Massachusetts, Tokai is 
backed by Apple Tree Partners, Novartis Venture Fund and the Satter Foundation. 

Tokai Pharmaceuticals, Inc., announced updated results from its on going ARMOR2 Phase 2 study of its lead drug candidate, galeterone 
(TOK-001), in patients with castration-resistant prostate cancer (CRPC) was presented. 

Galeterone (TOK-001) is a highly selective, multi-targeted, oral small molecule drug being developed for the treatment of castration-resistant 
prostate cancer (CRPC) that disrupts androgen receptor (AR) signaling, the key driver of CRPC, via multiple mechanisms of action. Galeterone 
combines the mechanisms of action of CYP17 inhibition and androgen receptor antagonism with that of androgen receptor degradation.

Tokai Pharmaceuticals is a biopharmaceutical company focused on developing new treatments for prostate cancer and other hormonally driven cancers. 

The poster was presented by Bruce Montgomery, M.D., associate professor of medical oncology at the University of Washington School of 
Medicine, and co-principal investigator of ARMOR2 gave the first poster presentation on Saturday, May 31st, 2014.

This was titled ’Galeterone in men with CRPC: Results in four distinct patient populations from the ARMOR2 study’.

For more information visit: 
www.tokaipharma.com

Phase 2 Clinical Data on Galeterone 
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Merrimack Pharmaceuticals is a biopharmaceutical company discovering, 
developing and preparing to commercialise innovative medicines paired with 
companion diagnostics for the treatment of cancer. Merrimack seeks to gain a 
deeper understanding of underlying cancer biology through its systems biology-
based approach and develop new insights, therapeutics and diagnostics to 
improve outcomes for cancer patients. Merrimack currently has six oncology 
therapeutics in clinical development and three additional candidates in late stage 
preclinical development. 

At ASCO 2014 Merrimack presented Phase 1 clinical data from studies of MM-
151, MM-141, MM-111 and MM-121. Data from these studies support the clinical 
advancement of Merrimack's novel antibody therapeutics.

Preliminary results from a Phase 1 study of MM-151, a novel oligoclonal anti-
EGFR antibody combination, in patients with refractory solid tumours suggested 
clinical activity in colorectal cancer with an acceptable safety profile consistent 
with EGFR inhibition. Planning is underway for a Phase 2 study testing MM-151 
in colorectal cancer.

Merrimack's MM-141, a tetravalent bi-specific antibody designed to block tumour 
survival signals by targeting receptor complexes containing IGF-1R and ErbB3, has 
completed the monotherapy arm in a Phase 1 study and reports no dose limiting 
toxicities. The next step for MM-141 is anticipated to be a Phase 2 study testing 
MM-141 in front line pancreatic cancer.

Merrimack also presented a Phase 1 multi-arm study of MM-111 in combination 
with standard of care regimens in multiple tumour types as well as a Phase 1 
study of MM-121 in combination with cetuximab and irinotecan in patients with 
advanced solid cancers.

Preliminary Results from a Phase 1 Trial of MM-151 in Patients with Refractory 
Solid Tumours. 

MM-151 is a novel oligoclonal anti-EGFR antibody combination designed to target 
EGFR-driven tumour growth. Preliminary data from a Phase 1 study in patients with 
refractory solid tumours show that MM-151 has an acceptable safety profile and 
preliminary signs of clinical activity in colorectal cancer.
•	 A total of 69 patients have been enrolled at escalating dose levels, with the 

most common tumour types including colorectal cancer (28 [41%]), non-small 
cell lung cancer (9 [13%]), head and neck cancers (5 [7%]), and pancreatic 
cancer (6 [9%]).

•	 The most common adverse event seen thus far was infusion related reaction 
(47 [68.1%]), which was managed with premedication and an optimised 

Data For Novel Antibody 
Therapeutic Programs 
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infusion schedule.
•	 Partial responses (PR) were observed in two colorectal cancer 

patients and a total of eight (29% of mCRC) patients had stable 
disease (SD) for greater than four months

•	 Planning is underway for a Phase 2 trial to evaluate MM-151 in 
colorectal cancer.

Results from the Completed Monotherapy Arm of a Phase 1 Study 
of MM-141 in Patients with Advanced Solid Tumours

A Phase 1 dose-escalation study in patients with advanced solid 
tumours tested the tolerability and safety of MM-141, a novel 
tetravalent bispecific antibody inhibitor that targets both IGF-1R and 
ErbB3. MM-141 blocks and degrades complexes containing IGF-1R 
and ErbB3 receptors, leading to the downstream inhibition of tumour 
pro-survival signalling. Preclinical studies have shown that MM-141 
has higher activity compared to a mixture of separate anti-IGF-1R and 
ErbB3 antibodies.
•	 This clinical study enrolled three arms: MM-141 as a 

monotherapy, MM-141 in combination with everolimus and MM-
141 in combination with nab-paclitaxel and gemcitabine. Data 
presented detailed the completion of the monotherapy arm.

•	 There were no dose-limiting toxicities observed in the 
monotherapy arm at any dose level. The most common adverse 
events that were not deemed related to MM-141 monotherapy 
were vomiting, nausea, fatigue, abdominal pain and dyspnea. 

•	 MM-141 monotherapy showed preliminary activity with disease 
stabilisation observed in patients with Ewing's Sarcoma and 
parotid gland carcinoma.

•	 Planning is underway for a Phase 2 study of MM-141 in 
combination with nab-paclitaxel and gemcitabine in front line 
pancreatic cancer.

Results from a Phase 1, Multi-arm Study of MM-111 in Combination 
with Standard of Care Regimens in Multiple Tumour Types

MM-111 is a bi-specific antibody designed to inhibit HER3 (ErbB3) 
signalling in HER2-positive tumours. Preclinical research has shown 
that MM-111 restores sensitivity to chemotherapy and HER2-targeted 
treatment. MM-111 was tested in a Phase 1 study in combination 
with a variety of standard of care HER2-targeted regimens, namely: 1) 
capecitabine, cisplatin and trastuzumab; 2) lapatinib with or without 
trastuzumab; 3) paclitaxel and trastuzumab; 4) lapatinib, paclitaxel 
and trastuzumab; and 5) docetaxel and trastuzumab. The study 
enrolled patients with multiple HER2 positive tumour types, including 
breast, bladder, colorectal, gastric, esophageal and ovarian cancers. 
Each arm in the study was designed to run as a separate Phase 1 trial 
to address safety and tolerability of MM-111, and utilised a "3+3" 
design with standard dosing of the standard of care regimen.
•	 A total of 86 patients with advanced HER2+ cancers were 

enrolled in the study.

•	 The combination of MM-111 with standard HER2-directed 
therapy was generally feasible with standard doses for the HER2 
directed therapies. Only Arm 1 required a reduction in the dose 
of capecitabine to 800 mg/m2 as a result of dose limiting toxicity. 

•	 Adverse events reported for MM-111 in combination with 
the standard of care HER2-targeted regimens were similar 
to adverse events reported for the regimens alone, which 
included diarrhoea, fatigue, decreased appetite, neutropaenia 
and hypokalaemia.

•	 Across all dosing regimens, the overall clinical benefit rate, 
defined as complete response, PR and SD for at least four 
months, was 55% in 86 evaluable patients.

•	 The combination of MM-111 and standard of care HER2 directed 
regimens showed clinical activity across a variety of advanced 
solid tumours with objective responses being observed in 
multiple HER2-positive tumour types.

•	 MM-111 is currently in a biomarker stratified Phase 2 study 
testing MM-111 in combination with trastuzumab and 
paclitaxel in patients with advanced gastric, oesophageal and 
gastroesophageal junction cancers.

Results from a Phase 1 Study of MM-121 in Combination with 
Cetuximab and Irinotecan in Patients with Advanced Cancers

This Phase 1 trial assessed the safety, tolerability and 
pharmacokinetic properties of MM-121 in combination with 
cetuximab or with cetuximab and irinotecan in patients with 
advanced solid cancers. MM-121 is a fully human monoclonal 
antibody that targets ErbB3, a cell surface receptor that is activated 
by the ligand heregulin.
•	 Patients were dosed in a standard "3+3" design with escalating 

doses of MM-121 and cetuximab in two groups without (n=34) 
or with biweekly irinotecan (n=14).

•	 The most common adverse events from across the entire study 
included fatigue, hypomagnesemia, diarrhea and hypokalaemia.

•	 Across all dosing regimens, 18/48 (37.5%) of patients achieved 
a best overall response of SD or PR, 14/48 (29.2%) had SD, 4/48 
(8.3%) had a PR. Of the four patients who had PR, two had KRAS 
wild-type colorectal cancer, one had cholangiocarcinoma and 
one had NSCLC.

•	 One colorectal cancer patient previously treated with cetuximab 
and irinotecan achieved a PR on the MM-121/cetuximab/
irinotecan combination. One head and neck cancer patient who 
previously received cetuximab achieved a durable response of 
SD on the MM-121/cetuximab combination.

•	 Phase 2 doses were established for the combination of MM-121 
and cetuximab and MM-121, cetuximab and irinotecan.

•	 Further studies with these combinations are being evaluated.

For more information visit: 
www.merrimackpharma.com
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Novartis presented key advances in cancer research at ASCO from four 
new pivotal studies in lung, blood and skin cancers.

Novartis showcased the results of research to target disease pathways 
with more than 150 abstracts. This included updated data in ALK+ non-
small cell lung cancer and the first-ever presentations of key data in 
polycythemia vera, multiple myeloma (blood) and locally advanced or 
metastatic basal cell carcinoma (skin).

Clinical data featured at the 50th Annual Meeting of the American 
Society of Clinical Oncology (ASCO; May 30th-June 3rd, Chicago) 
included Zykadia™ (ceritinib), Jakavi®* (ruxolitinib), Tasigna® (nilotinib), 
Afinitor® (everolimus) and Exjade® (deferasirox), as well as pipeline 
compounds LBH589 (panobinostat), LDE225 (sonidegib) and others.

Data highlights included:
Key pivotal data across four oncology compounds
•	 Ceritinib: Ceritinib in advanced anaplastic lymphoma kinase 

(ALK)-rearranged (ALK+) non-small cell lung cancer (NSCLC): 
Results of the ASCEND-1 trial Ruxolitinib: Results of a 
prospective, randomised, open-label Phase III study of ruxolitinib 
in polycythemia vera patients resistant to or intolerant of 
hydroxyurea: the RESPONSE trial

•	 Panobinostat: PANORAMA 1: A randomised, double-blind, 
Phase III study of panobinostat or placebo plus bortezomib and 
dexamethasone in relapsed or relapsed and refractory multiple 
myeloma 

•	 Sonidegib: Randomised, double-blind study of sonidegib 
(LDE225) in patients with locally advanced or metastatic basal cell 
carcinoma 

Emerging data on key Novartis marketed treatments, early 
combination studies and innovative clinical trial designs
•	 Everolimus: Meta-analysis of stomatitis incidence in everolimus 

clinical studies and its relationship with efficacy 
•	 Everolimus: Prevention of stomatitis in patients with hormone 

receptor-positive advanced breast cancer treated with everolimus 
plus exemestane: A Phase II study of a steroid-based mouthwash

•	 Everolimus: Identification and validation of predictive biomarkers 
for everolimus in metastatic renal cell carcinoma: Analysis of 442 
patients on RECORD-3 

•	 Nilotinib: Treatment-free remission following nilotinib in patients with 
chronic myeloid leukemia in chronic phase: ENESTfreedom, ENESTop, 
ENESTgoal, and ENESTpath 
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•	 Nilotinib: ENESTnd 5-year update: Long-term outcomes of patients with chronic myeloid leukemia in chronic phase treated with 
frontline nilotinib vs imatinib

•	 Nilotinib: Effect of continued imatinib in patients with detectable BCR-ABL after ≥ 2 years on study on deep molecular responses (MR): 
36-month update from ENESTcmr 

•	 Ruxolitinib: Phase Ib, dose-finding study of ruxolitinib plus panobinostat in patients with myelofibrosis 
•	 Deferasirox: Deferasirox–deferoxamine combination therapy reduces cardiac iron with rapid liver iron removal after 24 months in 

patients with severe transfusional iron overload (HYPERION) 
•	 The signature program, a series of tissue-agnostic, mutation-specific signal finding trials 

New findings from combination studies across oncology pipeline and presentations on CAR T cell therapy
•	 INC280: Safety and efficacy of INC280 in combination with gefitinib in patients with EGFR-mutated, MET-positive NSCLC: A 

single-arm Phase lb/ll study 
•	 LEE011: Phase Ib/II study of LEE011, everolimus, and exemestane in postmenopausal women with ER+/HER2- metastatic breast cancer 
•	 LEE011: Phase Ib study of LEE011 and BYL719 in combination with letrozole in estrogen receptor-positive, HER2-negative breast cancer 
•	 CTL019: Genetically Engineered T Cells and Beyond: Immune Modulation Therapy in Chronic Lymphocytic Leukemia
•	 CTL019: Future Directions in Immune Targeting

Throughout ASCO, Novartis Oncology hosted a dedicated webpage (http://www.novartisoncology.com/asco-2014.jsp) that provided 
unique insights and perspectives into emerging areas of cancer care and research.

For more information please visit 
www.novartis.com
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PsiOxus Therapeutics is a privately 
held Oxford, UK-based clinical stage 
biotechnology company using non-
traditional approaches to develop novel 
therapeutics that address cancer and other 
clinically unmet diseases.

PsiOxus Therapeutics announced the results 
of two of its on going phase I studies of 
the oncolytic vaccine enadenotucirev 
(previously known as ColoAd1).

Enadenotucirev is an oncolytic vaccine 
for the systemic treatment of metastatic 
cancer, which has demonstrated exceptional 
anti-cancer properties in late pre-clinical 
development and is now in phase I/II 
clinical development for multiple solid 
cancers including colorectal and ovarian 
cancer. MT-102 is a dual action Anabolic 
Catabolic Transforming Agent (ACTA) 
clinical development for the treatment 
of cachexia and sarcopaenia and which 
has demonstrated positive effects on lean 
muscle mass and muscle function in a 
phase II clinical trial in late stage colorectal 
and non-small cell lung cancer. The 
Company is also developing an adjuvant 
and immunotherapeutic platform PolyMAP, 
which combines polymers with synthetic 
adjuvants to significantly enhance the 
effectiveness of vaccines.

The EVOLVE (EValuating OncoLytic Vaccine 
Efficacy) trial is a phase I/II trial of
intravenous administration of 
enadenotucirev to patients with epithelial 
cancers and the MoA (Mechanism of 
Action) trial is a phase I “window of 
opportunity” trial evaluating intravenous 
and intra- tumoural administration of 
enadenotucirev to patients with colon 
cancer. Enadenotucirev is an oncolytic 
Ad11/Ad3 chimeric group B adenovirus that 

has previously been shown to selectively 
destroy metastatic solid tumours at low 
concentrations in pre-clinical models.

To date a combined total of 46 cancer 
patients have been dosed with up to 
four cycles (12 doses) of enadenotucirev. 
An independent Data Safety Monitoring 
Committee has approved the proposed 
dose to be taken into phase 2 clinical 
trials for both single cycle and repeat 
cycle administration. This safety data was 
presented at the ASCO meeting.

Intra-tumoural delivery of oncolytic viruses 
to superficial tumour sites has been shown 
to be clinically successful in phase III clinical 
trials but systemic delivery of viruses to 
metastatic tumour sites via intravenous 
delivery has been more elusive. In the two 
PsiOxus studies, the ability to selectively 
deliver the live replicating virus to tumour 
cells has been examined by a number of 
techniques including positron emission 
tomography scans; immunohistochemistry; 
quantitative polymerase chain reaction 
assays; and viral plaque assays.

- Dr Emiliano Calvo presented ‘A First in 
Human Phase I study of enadenotucirev, 
an oncolytic Ad11/Ad3 chimeric group B 
adenovirus, administered intravenously in 
patients with metastatic epithelial tumours’.
- Dr Rocio Garcia Carbonero presented 
‘Phase 1 Mechanism of Action Study of
Intra-tumoural or Intravenous 
Administration of enadenotucirev, an
Oncolytic Ad11/Ad3 Chimeric group B 
Adenovirus in Colon Cancer Patients
Undergoing Resection of Primary Tumour’.

For more information please visit 
www.psioxus.com

Oncolytic Vaccine Enadenotucirev 
in Cancer Patients
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2015 ASCO 
Annual Meeting
29th May - 2nd June, 2015  
McCormick Place Chicago, llinois

The 2015 ASCO Annual Meeting will be hosted at Chicago’s McCormick Place, one of the nation’s largest and most impressive 
convention and meeting centres. Located along the shore of Lake Michigan, McCormick Place’s state-of-the-art facilities and 
fantastic location are sure to enhance any Annual Meeting experience.

Attendees of the 2015 Annual Meeting will find cutting-edge scientific presentations and comprehensive educational content.

The ASCO Annual Meeting brings together more than 25,000 oncology professionals from a broad range of specialties, making it 
an excellent venue for exploring the theme of the Meeting—"Illumination and Innovation."

Please visit: http://am.asco.org/visitors-guide-chicago
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HILTON ROSEMONT/
CHICAGO O'HARE
Location - 5550 
N. RIVER ROAD, 
ROSEMONT, ILLINOIS, 
60018, USA

The Hilton Rosemont/

Chicago O’Hare hotel is 

easily accessible from I-294 

and I-90 expressways and 

is minutes from Chicago 

O’Hare International 

Airport. 

The hotel provides a 

complimentary hotel 

airport shuttle service to 

and from each terminal. 

The hotel is connected 

via covered sky bridge to 

the Donald E. Stephens 

Convention Center and 

is an ideal venue to 

hold your next business 

meeting or event with 

Rosemont meeting 

incentives. This Rosemont 

hotel offers more than 

22,000 sq. ft. of versatile 

meeting and banquet 

space including a Grand 

Ballroom and Executive 

Conference Center.

Guests can start or end 

the day with a workout 

at the fully equipped 24-

hour Life Fitness© fitness 

centre and unwind in 

the heated indoor pool 

featuring panoramic 

views of downtown 

Chicago skyline.

Liberty Tavern offers 

the best of Rosemont 

restaurant dining, 

featuring all-American 

favourites. Sip a 

refreshing cocktail at 

Liberty Tavern Lounge 

or indulge in 24-hour 

room service. If you’re 

in a hurry, try Lobby 

Café proudly serving 

Starbucks Coffee and 

breakfast pastries, snacks 

and sandwiches to go at 

this hotel near Chicago 

O’Hare International.

HILTON ORRINGTON/
EVANSTON
Location - 1710 
ORRINGTON AVENUE, 
EVANSTON, ILLINOIS, 
60201, USA

The sophisticated Hilton 

Orrington/Evanston hotel 

is centrally located in 

the heart of downtown 

Evanston, Illinois. 

Just 20 minutes from 

downtown Chicago, 

beside Lake Michigan, 

this Evanston, IL hotel is 

30 minutes from O’Hare 

International Airport, 40 

minutes from Chicago 

Midway Airport and close to 

corporate offices like Kraft 

Foods and Chase Bank. 

McCormick Convention 

Center is 18 miles 

away. Northwestern 

University, boutique 

shops, restaurants, the 

subway into Chicago 

and a multiplex movie 

HILTON ROSEMONT/CHICAGO O'HARE

ASCO 2015...
The 51st ASCO Annual Meeting 
takes place in Chicago between 
29th May - 2nd June, 2015.

Treatment Strategies takes a look 
at a number of the finest hotels 
Chicago has to offer... 

HILTON ORRINGTON/EVANSTON

HILTON ROSEMONT/CHICAGO O'HARE
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HILTON ORRINGTON/EVANSTON

HILTON CHICAGO

HILTON CHICAGO

For more information please visit www3.hilton.com

theatre are all within 

walking distance of this 

downtown hotel.

Ease and convenience 

define the tastefully 

decorated hotel 

in Evanston, with 

comfortable 

accommodations and 

wireless internet access 

throughout the hotel. 

Hold business events 

in the 18,505 sq. ft. of 

flexible meeting and 

banquet facilities for 

2-400, including the 

latest AV equipment 

and support from 

professional staff. An 

impressive 15,000 

square feet. 

Executive Conference 

Center is IACC certified. 

Use the 24-hour business 

centre for all your 

business necessities. 

Celebrate your wedding 

in style under the 

spectacular chandeliers 

of the historic Grand 

Ballroom.

Guest room amenities 

include European-style 

bathrooms with power 

showerheads. The 

large Executive Suite 

features a king guest 

room with separate 

parlor area and queen-

sized sofa bed. 

HILTON CHICAGO
Location - 720 SOUTH 
MICHIGAN AVENUE, 
CHICAGO, ILLINOIS, 
60605, USA

Hilton Chicago 

combines a 

contemporary 

design and exciting 

atmosphere within 

this iconic Chicago 

hotel. The downtown 

Chicago hotel is located 

within walking distance 

to many Chicago 

attractions. 

Guests can step outside 

the front door and walk 

through Grant Park to 

Chicago's Lakefront, 

Field Museum, Shedd 

Aquarium, Adler 

Planetarium or Soldier 

Field. Millennium 

Park and theatre and 

financial district events 

are only steps from the 

South Loop location. 

Navy Pier and Chicago 

Children's Museum are 

also nearby.

The Chicago hotel rooms 

and suites are decorated 

in a sophisticated style, 

feature HDTVs, in-room 

concierge computers 

and high-speed internet 

access. Newly designed 

business class rooms 

offer complimentary 

WiFi, health club access 

and refrigerator. 

Guests can enhance 

their stay to the 

Executive Level which 

offers complimentary 

continental breakfast, 

non-alcoholic beverages 

and evening appetizers 

with an honor bar at the 

Executive Lounge.

The Hilton Chicago 

hotel is located near 

McCormick Place 

provides 234,000 sq. ft. 

of Chicago event space 

with 50 meeting rooms, 

three ballrooms and four 

exhibit halls. 

Guests have the option 

of taking advantage 

of Hilton Chicago's 

Athletic Club, boasting 

a variety of fitness 

equipment, free 

weights, indoor running 

track, full-length heated 

indoor pool, whirlpool 

and sauna with 

seasonal sundeck.

Kitty O'Sheas is an 

Irish pub with live 

entertainment. The 720 

South Bar & Grill offers a 

menu inspired by fresh, 

local ingredients. Enjoy 

signature foods, locally 

crafted beers, cocktails 

and wine. 
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  Clinical Management and Molecular 
Features of Low to Intermediate-grade Pineal 
Parenchymal Tumours
David R. Raleigh,1 Vanja Varenika,2 Shane A. Lloyd3 and Daphne A. Haas-Kogan1*

1. Department of Radiation Oncology; 2. Department of Radiology and Biomedical Imaging, University of California San Francisco, 
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transformation to pineoblastoma after surgical resection.13-16

Along the spectrum of pineal parenchymal tumours, pineocytomas 

are associated with the most favorable prognosis and rarely 

disseminate to the leptomeninges.17,18 As such, 5-year survival 

exceeds 90% following gross total resection of pineocytoma.17,19 

Surgery is essential for all pineal region tumours, not only to 

obtain a tissue diagnosis, but also for symptomatic alleviation and 

restoration of cerebrospinal fluid flow through the third ventricle.20 

Early experience with open surgical treatment was associated with a 

30-70% combined risk of morbidity and mortality, and has therefore 

given way to endoscopic third ventriculostomy.21,22 Although 

pineoblastoma also requires tissue biopsy for diagnosis, the high 

propensity for recurrence and neuraxial spread mandates aggressive 

adjuvant craniospinal irradiation and multi-drug chemotherapy. 

With histologic features that are characteristic of both 

pineocytoma and pineoblastoma, PPTID is a morphologically 

heterogeneous lesion. Retrospective data suggest that 

pineocytoma is more indolent than grade II PPTID, which is in turn 

less aggressive than grade III PPTID or pineoblastoma. However, 

treatment strategies and the prognosis of intermediate-grade 

pineal parenchymal tumours remain controversial. Given the 

intrinsic morbidities of craniospinal irradiation and chemotherapy, 

escalation of therapy for pineal region tumours is not without 

significant risk, and should only be undertaken when absolutely 

necessary. Here we review the literature pertaining to low- and 

intermediate-grade pineal parenchymal tumours in an effort to 

characterise the clinical and molecular features that necessitate 

the addition of adjuvant therapy to surgical resection. 

Presentation and Diagnosis

The initial clinical manifestations of pineal tumours are 

heterogeneous and dependent on the extent of disease. 

Introduction

The pineal body is a small endocrine gland adjacent to the 

vertebrate thalamus that produces melatonin to modulate 

circadian rhythms.1,2 Tumours affecting the pineal gland account 

for approximately 0.5% of all intracranial malignancies and 

primary pineal parenchymal tumours are even less frequent.3,4 The 

pineal gland can give rise to a heterogeneous group of neoplasms 

including pineal parenchymal tumours, germ cell tumours, 

astrocytomas, ependymomas and papillary pineal tumours.5-7 

The World Health Organization classifies pineal parenchymal 

tumours into pineocytomas (grade I), pineal parenchymal tumours 

of intermediate differentiation (PPTID; grade II and grade III), 

and malignant grade IV lesions known as pineoblastomas.8,9 

Pineocytomas and pineoblastomas each account for 

approximately 45% of pineal parenchymal tumours, while PPTID 

makes up the remaining 10%.1,10 Classically, pineoblastomas 

arise in pediatric patients and young adults, whereas low-grade 

pineocytomas typically occur later in life.11,12 Unlike glial tumours, 

which have been extensively documented to progress from low- 

to high-grade lesions, data for histologic progression of pineal 

tumours is limited to two case reports of tumour recurrence and 
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Neurological dysfunction typically occurs as a result of increased 

intracranial pressure (ICP) due to interruption of cerebrospinal 

fluid (CSF) flow through the third ventricle. The most common 

presenting symptoms of pineal region tumours include headache 

(73%), ophthalmologic disturbance (47%), nausea/vomiting 

(40%), and gait disturbances (37%).23 Clinical signs include 

papilledema (60%), ataxia (50%), upward gaze palsy (30%), tremor 

(20%), and altered pupillary reflexes (17%). Parinaud’s syndrome, 

characterised by simultaneous vertical gaze abnormalities, 

nystagmus, and impaired convergence, may result from tectal 

compression.24 Pineal tumours affecting suprasellar structures 

generally have an indolent course, with symptoms developing 

over months to years.25-28 

All patients suspected of having pineal region tumours should 

receive a baseline ophthalmologic exam and CSF cytology via 

lumbar puncture after the risk of increased ICP is assessed. 

Although primary pineal parenchymal tumours are not associated 

with any specific biomarkers, the levels of beta human chorionic 

gonadotropin (β-hCG), alpha-fetoprotein (AFP), alkaline 

phosphatase, and lactate dehydrogenase may help differentiate 

between other pineal region malignancies. Increased levels of 

β-hCG and AFP are characteristic of embryonal carcinoma, whereas 

an isolated increase in AFP is common with endodermal sinus 

tumour, and isolated β-hCG elevation is found in choriocarcinoma. 

Germinomas may present with modest elevations of β-hCG, 

along with increased placental alkaline phosphatase and/or 

lactate dehydrogenase.25 Finally, β-hCG >50 IU/L and/or an AFP 

>25 ng/ml in the presence of a midline mass is indicative of 

nongerminomatous germ cell tumour.29 Patients with pineal region 

tumours may also show decreased variation in 24-hour melatonin 

levels.30 Post-operatively, serum melatonin levels can be used to 

assess the extent of resection, with residual melatonin suggesting 

subtotal pinealectomy.31 Finally, exogenous administration of 

melatonin may help to prevent disruption of sleep-wake cycles and 

the onset of post-pinealectomy syndrome.32,33 

Initial workup of suspected pineal tumours should include a 

contrast-enhanced magnetic resonance image (MRI) of the brain 

and spine. Although there are no radiographic findings that are 

pathognomonic for pineal parenchymal tumours, low- and high-

grade lesions are usually distinct. Pineocytomas typically appear 
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Figure 1
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Figure 1. Radiographic characteristics of pineal parenchymal tumours. Computer tomography (CT) and magnetic resonance images (MRI) of pineocytoma (A-
D), pineal parenchymal tumour of intermediate differentiation (PPTID, E-H), and pineoblastoma (I-L). Low-grade lesions are typically well circumscribed (C, D), 
while high-grade lesions may show evidence of local invasion (K, L). Although radiographic characteristics are non-specific for tumour grade, notable findings 
include cystic foci (B), peripheral “exploding” calcifications (I, E), and heterogeneous enhancement after injection of contrast (H, L).  
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as small well-circumscribed lesions (see Figure 1A-D), whereas 

pineoblastomas are more frequently found to have internal 

hemorrhage, necrosis, local invasion, and neuraxial dissemination 

(see Figure 1I-L). On the other hand, differentiating PPTID from 

pineoblastoma is much more difficult at imaging.  On computed 

tomography (CT), PPTID often appears as a hyperdense pineal 

mass with peripheral “exploding calcifications” that can be 

found in all grades of pineal parenchymal tumours (see Figure 

1E, 1I).34 Much like pineoblastomas, PPTID is heterogeneously 

iso- and hypointense on magnetic resonance (MR) T1 weighted 

images, and isointense on T2 sequences with cystic foci and 

heterogeneous enhancement (see Figure 1F-H).  Attempts at 

discerning PPTID from pineoblastoma rely on assessing the 

number and degree of aggressive features, which can be quite 

subjective at times. Treatment decisions should therefore not be 

made without a tissue diagnosis.

Prognosis

Given the relative rarity of pineal parenchymal tumours, clinical 

outcome data are entirely limited to retrospective case series. 

One of the largest reports stratified by contemporary pathologic 

criteria compiled data from 12 European centers from 1972 to 1997 

and demonstrated 5-year survival of 91%, 74%, 39%, and 10% for 

grade I through IV tumours, respectively.19 Regarding patterns 

of relapse, 26%, 56% and 73% of grade II through IV tumours, 

respectively, recurred either locally or within the craniospinal axis, 

while no pineocytomas recurred. Mean time to progression after 

initial treatment was 5 years, 1.3 years, and 0.7 years for grade II 

though IV lesions, respectively, and the majority of patients with 

grade III and IV lesions recurred outside of the pineal gland. When 

accounting for all 76 patients retrospectively analyzed (19 patients 

with pineocytoma, 28 with PPTID, and 29 with pineoblastoma), 

tumour diameter less than 2.5 cm and low-grade histology were 

independent predictors of positive outcomes. Perhaps due to the 

pediatric predominance of pineoblastoma, age less than 20 was 

associated with a negative outcome on univariate analysis. With 

respect to the impact of the extent of surgery, resection reduces 

the rate of progression relative to biopsy alone, and a systematic 

review of the literature including 168 pineocytoma patients from 

64 studies demonstrated that 5-year overall survival decreased 

precipitously in those receiving subtotal resection followed by 

radiotherapy (17%) versus gross total resection (88%).35,36 

Outcomes data are even more limited for PPTID, which was first 

classified as a distinct entity by the WHO in 2007. A number of 

small, retrospective case series specifically focusing on PPTID 

have been published, but many of these consist of less than 

10 subjects.37,38 Some patients in those reports presented with 

localised disease, while others were found to have neuraxial 

dissemination. As such, PPTID patients are typically treated with 

surgery variably followed by adjuvant chemotherapy and/or 

radiation. The extent of radiotherapy in these patients ranges from 

stereotactic radiosurgery for residual local disease, to treatment 

of the entire craniospinal axis. With optimal management, 5-year 

overall survival from PPTID can approach 80%.39 A retrospective, 

multi-institutional review including 37 patients with PPTID 

identified extent of disease, histologic differentiation, and 

response to adjuvant treatment as independent prognostic factors 

specific to intermediate- and high-grade pineal parenchymal 

tumours. In particular, residual primary tumour size after 

treatment was found to significantly influence median survival, 

and control of neuraxial metastases was more successful in 

patients with PPTID than in those with pineoblastoma. As is the 

case with low-grade pineal parenchymal tumours, local control 

for intermediate- and high-grade lesions is improved in older 

patients, but the age threshold is approximately 32-36 years.39,40 

Molecular and Genetic Characteristics 

Histologically, pineocytomas are composed of cells that closely 

resemble mature pineocytes. Consistently, chromosomal changes 

are rare in low-grade pineal parenchymal tumours, which typically 

show extensive neuronal differentiation.41-43 MIB-1 labeling index 

correlates with histologic grade of pineal parenchymal tumours, 

although the prognostic significance p53 and neuronal markers 

expression, including neurofilament protein (NF), neuronal nuclear 

antigen (NeuN), and synaptophysin, is controversial.12,42,44-47 

Microarray analysis demonstrates that pineocytomas are enriched 

in transcripts important for photo-transduction and melatonin 

synthesis, none of which are known to have oncogenic properties.48 

Although intermediate- and high-grade lesions have more 

chromosomal changes than pineocytomas, potentially leading to 

aberrant expression of growth factor receptors and transcription 

factors, there have been no unbiased analyses for differential 

genomic or molecular characteristics among pineal parenchymal 

tumours.42,49 An individual patient data meta-analysis of DNA copy 

number in 15 pineal-region primitive neuroectodermal tumours 

(PNETs) demonstrated variable chromosomal gains and losses 

in low-grade tumours.50 Interestingly, the pattern of genomic 

imbalances in pineoblastoma was unrelated to changes observed 

in low-grade tumours, and multivariate analysis demonstrated 

that tumour histology, age, and minimal copy number complexity 

were all favorable prognostic factors. In sum, the molecular and/or 

genetic mediators of pineal parenchymal tumours remain elusive, 

and the prognostic significance of immunohistochemical markers 

other than MIB-1 remains in debate.  

 

Chemotherapy 

Systemic therapy is often employed for disseminated or relapsed 

pineal parenchymal tumours, but there is no consensus regimen 
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for either PPTID or pineoblastoma. Rather, the majority of 

chemotherapy agents employed for unfavorable intermediate- 

and high-grade pineal parenchymal tumours are known to 

have efficacy in children with diverse central nervous system 

PNETs and low-grade gliomas.51-53 Due to the relative rarity 

of pineal parenchymal tumours, patients in need of systemic 

therapy are often incorporated into broad central nervous 

systemic malignancy trials. However, the performance of 

specific individuals with pineal region tumours in these studies 

has been reported, and can inform therapeutic decisions.54 

Chemotherapeutic regimens employed in these studies included 

either ifosfamide, etoposid, high-dose methotrexate, cisplatin, 

and cytarabin, or vincristine, lomustine, and carboplatin, both of 

which were combined with craniospinal irradiation. Risk-adapted 

dose-reduction of craniospinal irradiation followed by high-dose 

chemotherapy and stem cell rescue has also been explored, and 

has demonstrated promising preliminary results.55

Radiotherapy and Radiosurgery

Fractionated radiotherapy is used to treat pineal parenchymal 

tumours (i) when the extent of residual local disease exceeds 

the volume threshold for radiosurgery; (ii) if there is evidence of 

dissemination along the craniospinal axis; (iii) or as a prophylactic 

measure for unfavorable intermediate- or high-grade tumours.56 

The pineal region with a minimal margin is often treated to a total 

dose of 50.4-54 Gy in 28-30 fractions for residual local disease, 

and total dose >50 Gy is associated with improved survival in 

pineoblastoma patients.57 Furthermore, whole brain or whole 

ventricular radiation may be combined with treatment of the 

entire spinal cord up to 23.4-36 Gy in 13-20 fractions if there is 

evidence of neuraxial spread.

Although aggregate data from the literature may indicate otherwise, 

numerous retrospective case series have shown near-universal control 

of subtotally-resected low-grade pineal parenchymal tumours treated 

with adjuvant radiosurgery.35,58-62 These series employed a range of 

prescriptions to treat tumours of a variety of sizes, but the body of 

evidence suggests that a median marginal dose of 14-20 Gy prescribed 

to the 50% isodose line is sufficient for long-term tumour control. 

Specifically, 5-year local control and overall survival from pineocytoma 

after radiosurgery is 85-100% and >90%, respectively.63 Radiosurgery 

has similarly been associated with high rates of local control for 

intermediate- and high-grade pineal parenchymal tumour patients, 

but does not appear to lessen the propensity of these lesions to fail 

distantly within the neuraxis.59-63 Finally, stereotactic implantation of 

125I has been employed as both a primary and salvage treatment for 

pineal parenchymal tumour with excellent results, but this technique is 

less common than either radiosurgery or fractionated radiotherapy.64
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early, robust antibody response to 5T4 after Trovax® therapy was 

associated with enhanced survival, although the result was not 

statistically significant in patients with RCC.4 

 

Phase 2 Trials

In the phase 2 trial of Trovax® plus IFN-α, 13 received Trovax® alone 

and 15 patients received the combination. Nearly all (22/23) patients 

mounted 5T4-specific immune responses, with slightly higher (but 

statistically nonsignificant) responses in those receiving Trovax® 

plus IFN-α. One patient (who received the combination) had a 

partial response lasting >7 months. Another 14 patients (7 in each 

group) had disease stabilisation, and greater immune responses 

were associated with longer survival (P=0.01 for overall survival but 

nonsignificant for progression-free survival).5

A phase 2 study reported on Trovax® coadministered with low-dose 

IL-2 (250,000 U/kg or 125,000 U/kg). Most patients (21/25) mounted 

5T4-specific immune responses, including all 11 patients who 

received ≥4 doses of Trovax®. This study found a survival benefit 

associated with the combination: 3 patients had objective tumour 

responses (2 complete and 1 partial), and 6 patients had stable 

disease lasting at least 6 months. Moreover, patients mounting the 

highest antibody titers had longer progression-free and overall 

survival than patients with lower antibody titers.6

In a study of high-dose IL-2 (600,000 U/kg) with Trovax® given to 25 

patients with metastatic RCC, all patients developed 5T4-specific 

antibodies, and half of them had increased 5T4-specific T cell 

responses. Most of the patients with elevated T cell responses were 

those who had stable (not progressive) disease. However, despite 

these encouraging immune indicators, there was no improvement in 

objective response rates.7 

 

TRIST Study

Given the results of these studies, the phase 3 Trovax® Renal 

Immunotherapy Survival Trial (TRIST) was conducted in which 

Renal Cell Cancer

Renal cell cancer (RCC) presents a therapeutic challenge to 

oncologists.1 The treatment of metastatic RCC centers around 

molecular targeted agents such as monoclonal antibodies (e.g., 

bevacizumab), tyrosine kinase inhibitors (e.g., sunitinib, sorafenib, 

pazopanib, and axitnib), and mammalian target of rapamycin (e.g., 

temsirolimus and everolimus). The immunogenic nature of this 

tumour type was established by the development of interleukin 

(IL)–2 and interferon (IFN)–α as active agents, in addition to 

the occurrence of spontaneous regression following primary 

nephrectomy.2 Despite these advances, there is still a need to 

identify new therapeutic agents that may be combined with current 

treatments  to improve overall survival.  

 

5T4 Oncofetal Antigen

5T4, an identified tumour-associated antigen, is an attractive 

therapeutic target in renal and other adenocarcinomas. In RCC, 

a study demonstrated that 5T4 was expressed at high levels and, 

importantly, was retained in metastatic tissue, validating 5T4 as a 

target for immunotherapeutic intervention.2 The attenuated vaccinia 

virus modified vaccinia Ankara has been engineered to deliver 

the tumor antigen 5T4 (MVA-5 T4; Trovax®).1,2 Importantly, 5T4 is 

expressed on the cell surface, which makes it a potential target for 

both T cell– and antibody-mediated effector responses. 

 

Trovax® Vaccine

Trovax® has been evaluated in  multiple phase 1, 2, and 3 studies 

in colorectal, prostate, and RCC patients. We will review the role of 

Trovax® in RCC.

 

Trovax® Clinical Trials

Phase 1 Trials

Phase 1/2 trials in RCC, prostate cancer, and colorectal cancer 

demonstrated that MVA-5T4 is safe.3 Higher 5T4-specific antibody 

levels were higher at baseline than in healthy control subjects, and 

these levels increased further after treatment with MVA-5T4.4 An 
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Trovax® was added to standard-of-care therapy for RCC.8 In this 

multi-institutional trial, 733 patients received standard of care 

therapy with sunitinib, IL-2, or IFN-α, of which 365 patients received 

one of these therapies plus Trovax® added to their regimen. Overall, 

no difference was found in overall survival between the groups. 

Because no survival benefit was seen after 6 months, the trial was 

stopped, but patient follow-up continued. This extended follow-up 

suggested that a small number of patients had a positive response to 

Trovax®. This prompted the investigators to conduct an exploratory 

multivariate analysis, in which they found (similar to the previous 

studies)6,7that patients with the highest antibody titers had slightly 

improved (though not statistically significant) survival.8 However, the 

multivariate analysis also uncovered a drawback of the study: more 

patients with a favorable prognosis were in the placebo arm than in 

the Trovax® arm.

Prognostic Factors Associated with Outcomes in 
Trovax® Therapy

The clinical responses associated with higher immune responses in 

some patients prompted several studies to identify the prognostic 

markers associated with increased benefit. The investigators 

of the phase 3 trial9 conducted an analysis of their data. They 

constructed an index composed of pre-treatment 5T4 antibody 

levels, hemoglobin, and hematocrit and applied this index to the 

phase 3 data. They found that this index was a significant predictor 

of treatment benefit – a higher value was associated with longer 

survival.9,10 Additional analysis of the same data set found a number 

of factors associated with deriving a benefit from treatment 

with Trovax®: smaller tumor burden and normal hemoglobin 

concentration.11 Hemoglobin concentration in particular was 

associated with not only benefit in terms of survival but also with 

tumor shrinkage among this set of patients.11

This correlation prompted the researchers of the phase 2 studies 

to examine their data for prognostic markers. From univariate and 

multivariate analyses, they constructed a model that stratified RCC 

patients into three risk groups: favorable, intermediate, and poor, 

according to the number of risk factors each patient had. Risk factors 

included neutrophils, bone metastases, ECOG performance status, 

lactate dehydrogenase levels, prior therapy with tyrosine kinase 

inhibitors plus immunotherapy, Fuhrman grade, and 5T4-specific 

antibody response. Patients with favorable risk (those with 0 risk factors) 

had significantly longer overall and progression-free survival than those 

with intermediate (1-2 risk factors) or poor (>3 risk factors) risk. Median 

OS was censored by cutoff in patients in the favorable risk group; it was 

13.7 months in those with intermediate risk and 4.0 months in those 

with poor risk.12 This prognostic model indicates that patient selection 

may be critical in fully utilising the potential of Trovax® for RCC. 

 

Summary

Although overall responses are less impressive, Trovax® shows strong, 

durable responses in a subset of patients. Patient selection should 

include lower tumor burden associated with favorable prognostic 

factors. Recent advances in the understanding of tumor immunology 

and the development of agents such as the checkpoint inhibitors 

PD-1 and CTL4 could increase the therapeutic benefit of Trovax®.
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inhibition requires that cells recognise the neighboured cell and 

can exchange informations regarding growth, cell type etc. This 

means that the cells need to communicate. Information exchange 

can be achieved in various ways: (I) cells may secrete mediators 

which affect the neighboured cells; (II) cells may bear receptors 

on their surface (cell-cell recognition molecules; cadherins like 

E-cadherin) which allow to bind to respective receptors on the 

neighboured cell, and cells can interact with the extracellular 

matrix via integrines. These are surface receptors intracellularly 

linked to a broad signal transduction machinery, which comprises 

the focal adhesion kinase (FAK), paxillin, and talin, and moreover is 

also linked via vinculin and actin to the cytoskeleton. This complex 

is also involved in the formation of lamellipodia during migration; 

(III) as a third interaction mode, cells may communicate directly 

via gap junctions. Gap junction channels are low ohmic cell-to-

cell channels connecting the two cytoplasms. These channels 

can be opened and closed via a variety of mechanisms including 

protein kinases (e.g. PKC), mitogen-activated protein kinases 

(MAPK), tyrosine kinases etc.2 A gap junction channel consists 

of two hemichannels (connexons) provided by either of the two 

neighboured cells. Each connexon is a hexamer of connexin 

proteins, so that the complete channel comprises 12 connexins. 

A connexin is a 4 transmembrane protein with an intracellular 

N-terminal and and intracellular carboxy tail. This carboxy tail is 

the most variant part of the molecule. By the variation in length 

the molecular weight of the molecule varies. 21 isoforms in 

humans are presently known, which are named by their molecular 

weight. Thus, connexin 43 (Cx43), the most abundant connexin, is 

a connexin with 43 kDa. The connexon (hexamer) can be formed 

by only one isoform (homomeric) or can consist different isoforms 

(heteromeric). Moreover, the gap junction channel can be built 

from 2 identical connexons (homotypic) or different connexons 

(heterotypic). At least, gap junction channels can connect cells 

of the same type (homocellular coupling), or can also connect 

cells of various types (e.g. cardiomyocytes and fibroblasts) 

(heterocellular coupling). The connexins are synthetised in the 

Cancer is still among the most often causes of death with 

increasing incidence. Hanahan and Weinberg1 formulated 6 

“hallmarks” of cancer, which describe cancer cell biology: (1) 

self-sufficiency in growth signals; (2) unlimited replication; (3) 

insensitivity to anti-growth signals, (4) insensibility to apoptosis;  

(5) tumour-induced angiogenesis; and (6) tissue invasion/

metastasis. Although much research has been carried out and 

the mechanisms leading to malignant transformation of cells are 

better understood, the mechanisms of invasion regarding the 

primary tumour and the metastases are still a matter of debate. 

In most normal cell culture systems cells stop growing when 

reaching confluence, which is called “contact inhibition“. Similarly, 

in normal tissue cells do not proliferate over the borders of the 

organ, and mostly cell growth is limited to the frontiers of the 

functional unit they belong to. In malignant growth this behaviour 

seems to be disturbed and cells grow without respecting tissue 

borders. Thus, the “contact inhibition“ seems to be lost, which 

could be among the first steps into invasive growth. This contact 
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rough endoplasmic reticulum, transferred to the Golgi-apparatus 

where they are oligomerised to connexons, and then transported 

(probably via the tubulin apparatus) to the plasma membrane. 

There, they are thought to drift on lipid rafts, until they get 

contact to a gap junction plaque, where they form gap jucntion 

channels with the connexons of the neighboured cells under 

the help of cadherins and calcium. This channel then establishes 

a cytoplasma-to-cytoplasma low ohmic connection allowing 

electrical current to flow and enabling the exchange of small 

molecules (<1000 Da). The closure and opening of the channels, 

the incorporation into the membrane, and the degradation are 

regulated by phosphorylation processes mainly at the carboxy tail 

by a plethora of kinases. 

Another aspect in the process of cancer is the formation of 

metastasis; in this process tumour cells must migrate from the 

tumour through the extracellular matrix, must break through 

a vessel wall and invade the vessel (intravasation). Then they 

circulate with the blood stream until they dock at a certain 

location again to the endothelium, trespass the vessel wall 

(extravasation), and finally form a new colony (colonisation). This 

process also requires communication between the cancer cells 

and at least the cells of the vessel wall. 

Thus, the question arises which is the role of inter-cellular 

communication in the process of invasive growth and formation 

of metastasis. According to the considerations above, invasive 

growth could be associated with a loss of communication 

while the process of intra- and extravasation seems to require 

communication between the tumour cell and vascular wall cells, 

e.g. the vascular endothelium. In addition, a cancer cell must 

express and secrete proteases like metalloproteinases in order 

to be able to trespass the connective tissue. During migration 

a complex interplay and communication with the fibroblasts is 

required for further propagation. Moreover, a transition of the 

cell biology from a stationary cell to a migrating cell separated 

from the primary tumour (detachment) with all the changes in the 

cytoskeleton are required. In epithelial tumours this is typically 

called epithelial-to-mesenchymal-transition (EMT).3 In the past 

these changes have been linked to the expression or non-

expression of gap junction proteins. Unfortunately, the issue is 

rather complex, so that the role of the various connexin isoforms 
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Figure 1. Schematic depiction of negative correlation between proliferating (ki-67 positive) and communicating (Cx positive) tumour cells in the 
invasion area, close to the heart tissue. In the invasion area we found malignant proliferating cells with nearly no Cx- expression that indicated a lost 
of communication in invasively growing tumour cells [according to reference 20] .
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in the cancer process are different and in some cases contrary. 

 

During tissue invasion, cells typically express lower levels of 

cadherins so that the inter-cellular adhesion is lost.  These cadherins 

are essential proteins of the adherens junctions. Intracellularly 

these cadherins are linked to catenins and thereby interact with the 

regulation of the cytoskeleton. Cadherin expression is positively 

associated with gap junction intercellular communication (GJIC). In 

epithelial tumours a cadherin switch from E-cadherin to N-cadherin 

during EMT has been described and seems associated with the 

loss of (detergent-resistant) gap junctional connexin-43, which is 

internalised by a endocytotic process.  

 

Whether cell-matrix interactions via integrins can affect GJIC is still 

unclear. In keratinocytes, binding of α3β1 integrin to laminin-5 

can enhance GJIC via involvement of Rho.4 The interaction 

between integrins, GJIC and invasion however are incompletely 

understood. While in breast cancer cells Cx26 over-expression 

can reduce the invasive growth,5 in prostate cancer cells Cx26 is 

associated with invasion.6 

Moreover, gap junction proteins seem to be involved in the 

proteolytic activity of invading tumour cells: the urokinase-type 

plasminogen activator (uPA) system typically is induced by hypoxia-

induced factor HIF1-α. Hypoxia is typical for the central parts of 

a tumour, and this mechanism would enable cells to migrate. 

Moreover, HIF1-α is involved in the VEGF expression and thereby 

contributes to tumour angiogenesis. Interestingly, this uPA activation 

can be inhibited by Cx32 over-expression in renal carcinoma cells.7 

Metalloproteinases also seem to be partially regulated via connexins: 

thus, elevated expression levels of Cx43 have been linked to 

enhanced MMP-activity,8 while, in contrast, Cx26 seems to down-

regulate MMP-9 activity and enhances TIMP-1.5  

 

If cancer cells invade a tissue, it has been observed that they 

can form heterocellular gap junctions with stromal cells, mostly 

communicating with local fibroblasts or with astroglia.9 In these 

cases high levels of connexin expression are associated with 

the invasive growth.10 In other tumour cells Cx32 expression 

suppresses the invasive behaviour.7 However, other mechanisms 

to activate stromal cells also seem to exist. Thus, different modes 

exist how cancer cells interact with stromal cells and how they 

invade tissue. This probably is dependent on (I) the type of 

the tumour cell, (II) the type of the stromal cell and the tissue 

type, (III) the connexin isoforms, and (IV) the phase of tumour 

progression (detachment of cells from the primary tumour; 

trespassing connective tissue; intravasation; extravasation; 

colonisation). Enhanced, but also reduced GJIC can contribute to 

the cancerogenic process. The latter was among the first ideas 

how GJIC may be involved in cancer, when Werner Loewenstein 

proposed that reduced gap junction inter-cellular communication 

may account for loss of growth inhibition.11,12 Following this idea 

several groups showed that in malignant cells connexins can be 

down-regulated and that oncogenes or cancerogenic drugs (e.g. 

phorbol esters, hexachlorobenzene, cisplatin) often impair gap 

junction channel function or diminish connexin expression.2,11,13-17 

Connexins probably interact with the cancerogenic or metastatic 

process not only via GJIC but also via intracellular actions of the 

connexins: thus, the carboxy tail of Cx43 (Cx43-ct) seems to be 

important for invasion and the formation of the leading edge 

of the invasive tumour by augmenting p38 MAPK mediated cell 

migration independent from GJIC.18,19 

In the line of the early view of Loewenstein,11,12 we could 

demonstrate recently, that a sarcoma originating from engineered 

tissue made from bone-marrow derived stem cells did not express 

cardio-typic connexins in the invading edges of the tumour, while 

in the mid region of the sarcoma abundant expression of Cx43 

was found.20 The situation in this study, however, is direct invasion 

of the tumour into the heart and not single invading cells with 

amoeboid behaviour. This difference seems to be important in 

the light of the discussion above. Interestingly, we found that 

proliferative activity, determined by ki-67 positivity, which was 

highest in the protruding edges of the tumour was negatively 

correlated with the Cx43 expression (see figure 1). This is in support 

of Lowenstein´s theory that proliferating malignant cells do not 

communicate with their surrounding and thus do not sense the 

neighbouring cells (loss of contact inhibition). Interestingly, Trosko 

et al.21 added another “hallmark of cancer” to the existing (see 

above), which is the down-regulation of GJIC thereby preventing 

the cell from a terminal differentiation and “mortalisation”.  These 

ideas are in good accordance to our observations,20 but probably 

can not be generalised to all kinds of cancer/tumour. However, the 

considerations above indicate that modulation of GJIC may be an 

interesting approach to prevent invasive growth, malignancy or 

metastasis. Depending on the phase of the cancerogenic process, 

the type of connexin, the type of tissue enhancement or reduction 

of GJIC may inhibit the further progression. 
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been introduced beyond first line therapy and have enriched 

the therapeutic armamentarium significantly (see Figure 1). 

For certain histological subtypes, specific chemotherapies may 

be used such as taxanes for angiosarcomas or gemcitabine 

alone or in combination with docetaxel for leiomyosarcomas. 

Recently, innovative therapeutic concepts have been studied 

more intensively; one of these approaches is to target 

angiogenesis which is one of the crucial drivers for the growth and 

dissemination of malignancies. A candidate for this approach is 

pazopanib, an orally available angiogenesis inhibitor that targets 

vascular endothelial growth factor receptor (VEGFR)-1, -2, and -3 

and platelet-derived growth factor receptor (PDGFR)-α and -β and 

c-kit.4 In 2009, pazopanib was approved in the United States for 

the treatment of advanced and metastatic renal cell carcinoma.5 

The European Organisation for Research and Treatment of Cancer 

(EORTC) Soft Tissue and Bone Sarcoma Group (STBSG) performed a 

phase II study (EORTC 62043)6 and a phase III study (EORTC 62072, 

PALETTE)7 evaluating the activity and safety of pazopanib in STS 

patients in collaboration with GSK, finally leading to approval 

of pazopanib for advanced and metastatic in Europe, USA and 

Japan. Interestingly, a considerable number of patients showed a 

significantly longer progression-free and overall survival in these 

pivotal trials which has been analysed in a recently published 

paper.8 However, there is no standardised therapeutic algorithm 

for advanced STS patients. Decision making in systemic treatment 

options for advanced STS patients has to take several factors 

into account such as patient and tumour characteristics, efficacy 

and side effects of the planned treatment as well as the primary 

treatment goal.

 

First Line Therapy

According to the European Society for Medical Oncology (ESMO) 

clinical practice guidelines for diagnosis, treatment and follow-

up of STS doxorubicin monotherapy remains the standard in first 

line therapy for patients with advanced and/or metastatic STS.9 

Introduction

Soft tissue sarcomas (STS) are a heterogeneous group of tumours 

arising mainly from the embryonic mesoderm and can be localised 

anywhere in the body. They comprise more than 50 different 

histological tumour entities exhibiting great differences in terms 

of clinical behaviour, pathogenesis and genetic alterations.1 

STS are rare with about 10.000 cases diagnosed each year in 

the United States. More than 40% are diagnosed in patients 

older than 55 years, although all age groups may be affected. 

If diagnosed at an early stage and complete surgical removal 

of all tumour manifestations can be achieved, the prognosis is 

favourable. However, in up to 50% of patients distant metastases 

will occur.2 The median overall survival for advanced patients is 

approximately twelve months and has remained substantially 

unchanged during the last 20 years. Long-term survival occurs 

only in a small percentage of metastatic patients3 clearly 

underpinning the need for new therapeutic strategies.

As effective targeted treatments are scarce for most advanced 

and/or metastatic STS doxorubicin and ifosfamide - which have 

been used for more than 30 years - still remain the backbone of 

systemic chemotherapy. In most cases, patients with advanced 

STS have a poor prognosis and the primary goal of treatment is 

disease control and palliation. Trabectedin and pazopanib have 
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The question whether doxorubicin alone or the combination 

of doxorubicin and ifosfamide should be used routinely in the 

first line setting has been always discussed controversially. 

Until now, all existing published literature - randomised trials 

and even meta-analyses - were not able to demonstrate any 

improvement in overall survival by combination therapies or dose 

intensification.10,11,12,13 Most recently, the EORTC STBSG published 

data on the 62012 phase III trial addressing this question.14 In this 

study, doxorubicin 75 mg/m² was either given as single-agent or 

intensified doxorubicin (75 mg/m²; 25 mg/m² per day, days 1-3) 

plus ifosfamide (10 g/m² over 4 days) was administered as first line 

treatment. Hence, both doxorubicin and ifosfamide doses were 

higher than those reported in previous trials. However, the EORTC 

trial also failed to show an improvement in overall survival (12.8 

months versus 14.3 months; p = 0.076), but could demonstrate a 

nearly doubled response rate (14% versus 26%; p < 0.0006) and 

a prolonged progression-free survival for the combination. The 

decision in favour of monotherapy or polychemotherapy should 

be clearly guided by the goal of the treatment in the unique 

patient’s situation. If the primary goal of therapy is disease control 

and palliation, doxorubicin mono remains standard of care and 

an appropriate treatment option with less toxicity. Conversely, 

combination treatment would be justified if tumour shrinkage 

is important, e.g. to relieve acute symptoms or in a neoadjuvant 

intention before surgery or radiotherapy. The final decision, of 

course, is usually discussed within a multidisciplinary team in a 

tumour conference.

Second Line Therapy

There is no established second line therapy for advanced and/or 

metastatic STS patients.15 In this setting, trabectedin has in several 

phase II studies as a promising therapeutic option.16,17,18 In 2007, 

trabectedin was approved in Europe for the treatment of locally 

advanced and/or metastatic STS after failure of anthracycline and/

or ifosfamide treatment. Trabectedin is the first compound of a 

new class of antitumour agents. It has been isolated from a marine 

tunicate, Ecteinascidia turbinata, acting as a minor groove binder 

through DNA destabilisation, inhibition of DNA repair mechanisms and 

modification of the anti-inflammatory and pro-angiogenic profile of 

the microenvironment.19,20,21 Therefore, trabectedin’s mode of action 

can be described as a “multi-target” agent.22 Trabectedin demonstrated 

activity especially in the subgroups of (myxoid) liposarcoma, 

leiomyosarcoma and synovial sarcoma, however, its approval covers 

all subtypes of STS23 and was based on the results of a phase II study 

in 270 patients with advanced leiomyosarcomas and liposarcomas 

favouring the 24h-infusion:24 the primary endpoint, the median time to 

progression, was significant longer (3.7 vs. 2.3 months; p = 0.03) than 

for the 3h-infusion as well as the progression-free survival (3.3 vs. 2.3 

months, p = 0.04). Due to the missing cumulative toxicity, trabectedin 

could be administered over multiple cycles and long time periods; 15-

20% of the patients in the phase II registration trial received between 

20 and 30 consecutive therapy cycles. Trabectedin is administered 

in a dose of 1.5 mg/m² as a 24h-infusion. Premedication consists 

of standard antiemetic medication plus 20 mg dexamethasone 

30 min. before infusion start. Typical side effects include nausea, 
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Figure 1. Current treatment options for advanced and/or metastatic STS.
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fatigue, neutropenia, thrombocytopenia and a reversible, transient 

transaminases elevation in about 30-40% of patients. The advantages 

of trabectedin comprise its administration on an outpatient basis, the 

missing cumulative toxicity and organ specific toxicity (such as neuro- 

or cardiotoxicity), a long progression-free interval and, therefore, 

possible treatment durations of up to several years. The response rate 

is 15% for untreated and 8% for pre-treated patients; however, a high 

response rate is not the primary goal of treatment for many patients 

with advanced STS. In contrast, progression arrest using well tolerated 

and easily applicable compounds is often the primary treatment goal 

for this patient population.

The second approval for patients with advanced and/or metastatic 

STS was pazopanib in 2012 based on the EORTC phase III study 

(PALETTE). 369 patients progressive on prior lines of standard 

chemotherapy (for advanced metastatic disease) were randomly 

assigned to receive either pazopanib (n = 246) or placebo (n = 123). 

The study demonstrated a significant advantage in progression-free 

survival of three months in favour of the pazopanib arm (4.6 vs. 1.6 

months; HR = 0.31, 95% CI: 0.24 - 0.40, p < 0.0001). The commonest 

side effects observed under treatment with pazopanib were nausea, 

fatigue, diarrhoea, weight loss and hypertension. The objective 

response rate in the PALETTE trial was 6% for the pazopanib arm 

and 0% for placebo (67% stable diseases in the pazopanib arm 

versus 38% in the placebo arm). Median progression-free survival 

for patients treated with pazopanib in the PALETTE trial was 4.6 

months, median overall survival was 12.5 months, respectively. 

Therefore, PALETTE was the first global study performed in 

STS that scientifically demonstrated antitumour efficacy of an 

antiangiogenic compound targeting VEGFR. On the basis of these 

data pazopanib was approved in Europe, USA and Japan for the 

treatment of advanced and/or metastatic STS after failure of 

anthracycline and/or ifosfamide therapy excluding the subtype of 

liposarcomas. Therefore, pazopanib is a new, oral compound that 

has significantly enriched the therapeutic armamentarium for STS 

patients. One of the main advantages of pazopanib is its oral way 

of administration cutting down the number of necessary hospital 

consultations for the patients. Interestingly, a considerable number 

of patients from the phase II and III trials showed a significantly 

longer progression-free and overall survival which has been 

analysed within the EORTC database [8]. Pooling data from these 

two trials investigating patients treated orally with pazopanib (n 

= 344), it could be demonstrated that 36% (n = 124) and 34% (n = 

116) of STS patients had a progression-free survival ≥ 6 months and 

were defined as long-term responders, or demonstrated an overall 

survival ≥ 18 months defined as long-term survivors, respectively. 

76 patients (22.1%) were both long-term responders and survivors. 

The descriptive as well as the multivariate analysis confirmed 

the importance of prognostic factors such as performance status 

and tumour grade. A normal hemoglobin level at baseline was 

also found to be of prognostic relevance for progression-free 

and overall survival. Taken together, good performance status, 

low / intermediate grade of the primary tumour and a normal 

hemoglobin level at baseline were advantageous for long-term 

outcome. Twelve patients (3.5%) demonstrated a clinical benefit 

even beyond two years with a median time on pazopanib treatment 

of 2.4 years and the longest duration of 3.7 years. As expected, 

these patients were mainly young, female, with a good performance 

status and had more low or intermediate grade tumours at time of 

initial diagnosis and all of them had pulmonary metastases.8

Treatment Decision Making

There is more and more data showing different treatment responses 

in certain STS subtypes for different chemotherapeutic agents. 

On the basis of these data, an individualised and histology driven 

treatment approach seems possible. For example, synovial sarcomas, 

leiomyosarcomas and myxoid liposarcomas do respond well to 

chemotherapies. In contrast, alveolar STS, extraskeletal myxoid 

chondrosarcomas and clear cell sarcomas are more or less resistant 

to conventional chemotherapy. In addition, different aspects have 

to be taken into consideration for the decision making in systemic 

treatment options for advanced STS: (1) The patient himself plays a 

major role in decision making; his/her age, performance status and 

possible comorbidities influence the choice of the planned treatment 

significantly, e.g. combination versus monotherapy in first line 

treatment. (2) The tumour itself plays a role regarding histological 

subtype, localisation and grading; e.g. low / intermediate tumours 

benefit more from pazopanib than high grade tumours as described 

above. (3) The treatment itself has to be evaluated carefully in regard 

to efficacy, side effects, route of administration and availability in 

different countries. (4) The inclusion in open clinical studies has 

always to be taken into consideration and (5) - most importantly - the 

patient’s wish and patient’s preference has to be considered and 

discussed sensitively together with the patient.

Landscape of Clinical Studies

The landscape of clinical studies in Europe has traditionally been 

dominated by the EORTC STBSG (www.eortc.be). Recently, efficacy and 

safety of Eribulin and TH-302 have been evaluated in large international, 

multicenter phase III trials; results are awaited (see Figure 1). Phase II 

data for Palbociclib and Aldoxorubicin have been presented; a phase III 

trial has already been initiated for the later. In Europe, a lot of national 

sarcoma study groups have been founded such as the Italian Sarcoma 

Group (ISG), the French Sarcoma Group (FSG), the Spanish Group for 

Sarcoma Research (GEIS), the Sarcoma Platform Austria (S.P.A.) and the 

Scandinavian Sarcoma Group (SSG) developing own study protocols. 

In Germany, the German Interdisciplinary Sarcoma Group (GISG) was 

founded in 2008 and focuses on early phase I and II clinical trials with 

mainly academic and interdisciplinary questions and acts as a global 
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partner in international study collaborations (www.gisg.de). 

 

Summary 

• The treatment of patients with STS should be restricted to centres 

or professional networks with a specific expertise in this disease. 

 

• The standard in first line therapy for patients with advanced and/

or metastatic STS remains doxorubicin monotherapy. However, for 

younger patients in a good performance status without relevant 

comorbidities combination therapy with ifosfamide can be evaluated 

if tumour shrinkage, relieve of symptoms or another intervention after 

response are anticipated. 

• Trabectedin and pazopanib evolved as two effective and well 

tolerated compounds in the second and third line treatment for 

advanced STS patients. 

 

• Decision making in systemic treatment options for these patients 

has to consider multiple factors such as patient and tumour 

characteristics, therapy pros and cons, available studies and patients’ 

preferences and should be individualised for each patient. 

 

• New agents and therapy concepts are evaluated in clinical trials. 

Therefore, whenever possible, patients should be recruited to a 

clinical study protocol.
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years). 45.6% of malignant primary brain and CNS Tumours are 

Glioblastoma WHO°IV with an incidence is approximately 3-4 per 

100,000 person-years.3 The prognosis of GBM remains poor despite 

new therapy approaches in the past decade.4 Currently, treatment 

of GBM consists of surgery and cytotoxic therapy. In 2005, the 

so-called Stupp regimen (named by the lead investigator) has 

become a standard for GBM treatment consisting of ionising 

radiation followed by a DNA methylating agent temozolomide.5 

In the clinical trial setting, temozolomide confers a modest but 

significant therapeutic benefit (overall survival of 14.6 months 

for patients treated with radiotherapy plus temozolomide 

compared to 12.1 months for patients treated with radiotherapy 

alone.5 In a real-life setting, therapeutic effects conferred by 

temozolomide seem to be less profound and disproportionate 

to fiscal distress caused by a substantial increase in medical 

costs due to addition of temozolomide as adjuvant treatment 

for GBM ($184,107 in patients receiving both temozolomide and 

radiation compared to $88,827 for patients without adjuvant 

therapy).6 It has been recognised that the so-called “financial 

toxicity” is an important criteria that contributes to the overall 

adverse effects and, consequently, might influence the outcome 

of cancer treatment.7,8,9,10,11 The impact of financial distress caused 

by medical costs of cancer treatment is even mode dramatic in 

developing countries that bear more than 60% of the world’s total 

cases of cancer.2 In the face of growing cancer burden and global 

economic slowdown, the need in new effective treatments that 

would be affordable for the majority of cancer patients is pressing 

as never before.

We live in the era of molecularly targeted approaches to cancer 

treatment. The underlying principle of molecular-guided therapy 

that is targeting of tumour-associated antigens/markers (by 

drugs of humanised antibodies) to increase the precision and 

rate of tumour cells killing while sparing normal cells derives 

from the concept of a “magic bullet” formulated by Paul Erlich 

Cancer is one of the most urgent health issues of today. Despite 

four decades of the intense research effort skyrocketed after the 

declaration of the global War on Cancer in 1971,1 the ultimate 

goal of developing effective therapies for cancer still remains 

unmet. According to the latest data from WHO on cancer trends 

worldwide, the burden of cancer increases at an alarming pace 

with the number of cancer cases expected to grow from 14 million 

cases annually in 2012 to 22 million within the next two decades.2 

From the viewpoint of the socio-economic impact, fiscal burden 

of cancer remains disproportionately high relative to the clinical 

outcome of current cancer therapies. In 2010, the annual medial 

cost of cancer treatment was assumed to be US$ 163 billion and 

it is anticipated that this trend will continue.2 A disproportionate 

relationship between the costs and clinical benefits of cancer 

treatments can be exemplified by current combination therapy 

used to treat gliomas. 

Glioblastoma multiforme (GBM) is the most common malignant 

primary brain tumour in adults (median age at presentation 64 
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more than 100 years ago.12,13,14 Since the mid 90s, when first 

clinical trials using monoclonal antibodies have provided proof-

of-principal for targeted therapy, great progress has been made 

in the understanding of processes underlying success and failure 

of molecularly informed approaches to treating cancer. Drastic 

improvement in the management of chronic myeloid leukaemia 

(CML) due to introduction of the first tyrosine kinase inhibitor 

imatinib15 provides a striking example of the success of targeted 

therapy and its importance for treating cancers that are driven 

by a single genetic abnormality.16 On the other hand, molecularly 

targeted therapies have proven less effective in treating genetically 

heterogeneous cancers with multiple aberrations in different 

genes/pathways that often have overlapping or compensatory 

functions. Diverse bypass mechanisms underlying resistance to 

targeted therapy have been identified. Feedback activation of 

signalling pathways with redundant functions,17 co-occurrence 
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Figure 1. The hierarchical model of cancer. The tumour-propagating potential is distributed unequally among different types of cells comprising a 
heterogeneous tumour. Cancer stem cells (CSCs) are slowly cycling cells capable of tumour maintenance due to their dual propensity to self-renew and 
differentiate. Transit-amplifying/progenitor cancer cells may also re-acquire self-renewal potential through de-differentiation. Differentiated tumour cells 
comprising the tumour bulk are incapable of re-populating the tumour due to their limited proliferative potential. 
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of mutations in other genes involved in synergistic interactions 

with the target gene18 or emergence of subclones with secondary 

mutations coding for resistant versions of drug targets19 can all 

contribute to tumour escape from targeted therapy. The emergence 

of therapy-resistant clones that express an altered version of the 

target molecule or carry compensatory mutations in other genes is 

one major hurdle in achieving durable effect of targeted therapy. 

Transient response to BRAF inhibitors in melanomas serves as 

an illustrative example of resistance through the selection of 

pre-existing minor clones lacking mutation in the target gene 

and/or re-activation of alternative pathways with compensatory 

functions.20 The development of secondary mutations in the target 

gene in conjunction with re-activation of alternative pathways with 

compensatory functions is the underlying reason of resistance to 

anti-EGFR therapy in lung cancer.21

GBMs provide a further illustration of the relationship between 

the level of genetic complexity and therapy resistance. Genomic 

studies revealed that GBMs rely on the synergistic impact of 

multiple mutations and that deregulation of pRB, p53 and 

RTK/RAS/PI3K pathways is an obligatory event in GBMs.22 The 

multiplicity and functional redundancy of genomic aberrations 

in GBMs is likely to be the primary reason for the low efficacy of 

cytotoxic therapy and failure of targeted monotherapies that 

have so far been tested in GBMs. Phase III trials testing the effects 

of anti-Vascular Endothelial Growth Factor (VEGF) therapy in 

first diagnosed GBMs provide most recent examples of GBMs 

resistance to monotargeted therapy.  GBMs are characterised by 

extensive vascularisation and abnormal expression of VEGF, a 

key mediator of angiogenesis in gliomas. Anti-VEGF treatments 

lead to regression of existing microvessels, normalisation of 

surviving mature vasculature, and inhibition of vessel growth 

and neovascularisation. Bevacizumab is a humanised monoclonal 

immunoglobulin G antibody that neutralises the ability of VEGF 

to bind to the VEGF receptor (VEGFR). Maintaining the VEGF 

ligand inhibition may prevent tumour growth and may result 

in tumour shrinkage with time.23,24,25 Indeed, phase II studies 

showed that addition of anti-VEGF therapy improves clinical 

outcome in recurrent and newly diagnosed GBMs.26,27 Despite 

these encouraging results, two independent phase III trials 

failed to confirm therapeutic benefits of anti-VEGF therapy for 

newly diagnosed GBMs. Although there was an improvement in 

progression free survival, both studies showed that addition of 

Bevacizumab to Stupp regimen does not increase overall survival 

in patients with GBM.28,29

It has been recognised that intratumoural heterogeneity is 

one of the major mechanisms of tumour escape from targeted 

therapy. Term “Intratumoural heterogeneity” encompasses (epi) 

genetic, phenotypic and gene expression patterns diversity within 

the tumour. It has been well documented as a characteristic 

feature of malignant neoplasms including breast cancer,30 renal 

carcinomas,31,32 melanoma,33 leukaemia,34 pancreatic cancer,35,36 

oesophageal adenocarcinoma,37 non-small cell lung cancer38 and 

glioblastomas.39 Intratumoural heterogeneity can be promoted by 

different mechanisms that can be roughly divided into mutational 

and non-mutational. Genomic instability defined as progressive 

mutagenic process accompanying neoplastic growth is the major 

mechanism of generating new mutations. According to the clonal 

evolution model, persistent changes in tumour genomes generate 

genetically and functionally distinct clones that may occupy 

different geographic territories within the tumour. There are 

several lines of evidences for the spatial patterns of intratumoural 

heterogeneity in advanced cancers. In GBMs, distinct patterns of 

genomic alterations and gene expression signatures can be found 

in different regions within the same tumour.39 Similarly, more 

than 60% of all somatic mutations identified through a multi-

region genetic analysis in renal carcinoma were found spatially 

separated within the same tumour and not detectable in every 

tumour region analyzed.31 These findings indicate that different 

sampling strategies can strongly impact the interpretation of 

molecular profiling data obtained with single tumour samples 

and emphasise the need in suitable methodologies that would 

take into account the spatiotemporal patterns of intratumoural 

heterogeneity.

Intratumoural phenotypic heterogeneity can also be generated by 

the so-called cancer stem cells (CSCs). Owing to their propensity 

to divide by symmetric and asymmetric modes, CSCs are capable 

of maintaining their own pool but at the same time generate 

phenotypically diverse progeny with a more differentiated 

phenotype (see Figure 1). The CSC concept postulates that CSC 

and progenitor cancer cells are the only type of tumour cells (in 

CSC-derived tumours) capable of propagating tumour growth 

due to their infinite proliferative capacity (Garvalov et al. Magee et 

al.). Yet, CSCs comprise only minor population within the tumour 

most of which (tumour bulk) is comprised by differentiated 

cancer cells with limited tumour-propagating capacity. There 

is an emerging realisation that in CSC-driven cancers CSCs are 

primarily responsible for tumour relapse and represent a major 

limiting factor to improving the efficacy of current treatments. 

(see Figure 2). In GBMs, ionising radiation not only spares glioma 

stem cells but promotes their expansion.40,41 Furthermore, there 

is also evidence that CSCs can survive the effects of molecularly 

targeted drugs despite expressing the target molecule: It has 

been shown that CML stem cells expressing BCR-ABL are capable 

to survive a sustained inhibition of the BCR-ABL kinase activity by 

the tyrosine kinase inhibitor imatinib, which effectively kills BCR-

ABL expressing non-stem leukemic cells.42 There is an emerging 

consensus that overcoming therapy resistance, either intrinsic 
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or acquired, would require to eliminate CSCs and that selective 

targeting of CSCs is a prerequisite for inhibiting tumour recurrence 

(rev. in reference 43). To accomplish this goal, the elucidation of 

mechanisms underlying CSCs responses to the cytotoxic stress 

is of pivotal importance. Currently, the identification of cellular 

pathways involved in the maintenance of stemness is an intensely 

explored area of research. The minority of CSCs, lack of definitive 

phenotypic markers for CSCs and heterogeneity within the CSC 

compartment render the task of selective targeting of CSCs 

challenging. Having said that, however, selective targeting of CSCs 

seems to be possible and there have been some encouraging 

results suggesting that inhibition of cellular pathways involved 

in the maintenance of stemness leads to the reduction of CSCs 

tumourigenicity and sensitises them to ionising radiation at least 

under laboratory conditions.44,45,46,47 

 

In conclusion, intratumoural heterogeneity either mutation-driven 

or resulting from phenotypic changes in CSCs or their progeny is 

the underlying basis of tumour escape from targeted therapies. 

The elucidation of mechanisms that promote the expansion 

of resistant clones is critical to improve existing therapies 

and develop new strategies to overcome tumour recurrence. 

Commonly used cancer cell lines derive from pre-treated tumours 

and may thus be poorly representative of recurrent tumours. 

Experimental models for a recurrent cancer should help elucidate 

the mechanisms of tumour re-growth after therapy. 

Figure 2. The CSC model of tumour recurrence. CSCs and their transit-amplifying progeny cells (TACs) are resistant to cytotoxic and targeted therapies and 
primarily responsible for tumour recurrence. Selective targeting of CSCs/TACs is required to prevent tumour re-growth after conventional therapy.
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Etiology

The etiology of meningioma is complex. The most clearly 

associated condition is Type 2 Neurofibromatosis (NF2), caused by 

germline mutations in the NF2 gene, since these patients develop 

meningiomas earlier in life.5 Body mass and hormone replacement 

therapy in premenopausal women are positively associated with 

meningioma risk.8,9 Gender is a well-characterized non-modifiable 

risk factor for meningioma. Its incidence is almost three times 

higher among women than among men.1 Breast-feeding for at 

least 6 months is a protective factor.8 Association of meningioma 

with breast cancer risk is controversial. Various studies have 

reported a positive and significant relationship in women but not 

in men,10,11 whilst a more recent retrospective analysis observed 

no link between both conditions.12 Ionizing radiation exposure 

is the principal modifiable risk factor.5 No association could 

be detected between meningioma risk and regular mobile or 

cordless phone use.13 However, heavy mobile phone users (>896 

cumulative hours) are significantly associated with increased 

risk (Odds Ratio=2.57).14 The effect of smoking is unclear, with 

positive, negative a neutral associations reported.8,15,16 Finally, 

meningioma risk is also related to various immune processes. An 

inverse relationship with allergy and IgE serum levels has been 

described,17-19 and a genomic approach identified seven innate 

immunity genes associated with meningioma risk.20

Current Therapeutic Approaches

The best treatment for meningiomas currently is surgery, with good 

results in low grade meningiomas and when complete resection 

can be achieved (Simpson Grade I-II). Recurrence is a frequent 

post-operative complication in meningiomas that is associated 

with increased mortality.21 Recurrence risk increases with tumour 

grading and with conservative resections (Simpson Grade III-IV).21,22 

For example, anaplastic meningiomas have a recurrence rate of 

20-40% one decade after complete resection and of 40-60% after 

subtotal resection.23 Nevertheless, aggressive attempts to achieve 

Introduction

Meningiomas are the most frequent central nervous system (CNS) 

primary neoplasms. According to the Central Brain Tumor Registry 

of the US (CBTRUS) meningiomas represented 36% of all primary 

intracranial tumours reported during 2006-2010.1 The World Health 

Organization (WHO) classifies meningiomas in 15 histological types 

and in three different grades. Nine of such types are considered WHO 

Grade I meningiomas, three are considered WHO Grade II (namely 

chordoid, clear cell and atypical meningiomas) and other three form 

part of WHO Grade III (namely papillary, rhabdoid and anaplastic 

meningiomas).2 Anaplastic meningiomas represent 1-3% of the 

cases3 and along with papillary and rhabdoid meningiomas they 

have the worst survival rate, with a mean overall survival (OS) and 

recurrence-free survival (RFS) time estimated in 3.3 years and 2.7 years, 

respectively.4 Atypical meningiomas account for up to 15% of the 

cases,3 and along with the other WHO Grade II meningioma types they 

have a significantly increased risk of death when compared to age and 

sex-matched controls.5 OS and RFS in WHO Grade II meningiomas are 

estimated in 12.12 and 11.54 years, respectively; but choroid and clear 

cell meningiomas tend to behave more aggressively.4,5 Finally, classic 

meningiomas represent about 81% of the cases and although they are 

considered benign,6 they have varying rates of progression towards 

higher stages and some subclasses reach recurrence rates of 20%.5 

Notably, even benign meningiomas are associated with a significantly 

reduced long-term survival and increased recurrence rate.7 
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complete resection and repeated operations can be associated with 

considerable neurological morbidity and reduced OS than patients 

treated with near-total resection.24 Radiotherapy is frequently used 

as adjuvant treatment, since it is associated with significantly better 

Progression Free Survival (PFS) rates.25 Primary radiotherapy is 

recommended for inaccessible meningiomas, but controversy exists 

about the benefits of different techniques, radiation doses and 

target volume definition.26 

Tumour progression following surgery and radiotherapy has 

little therapeutic options. The National Comprehensive Cancer 

Network (NCCN) recommends three drugs for these cases, 

namely hydroxyurea (HU), interferon-α (INFα) and octeotride.27 

A retrospective analysis of 35 patients with recurrent high-grade 

meningioma treated with HU did not show radiographic response 

in any patient and 57% of them manifested progressive disease,28 

whilst a long-term follow up of 13 patients with recurrent WHO 

grade I and II meningiomas did not show any complete or partial 

response.29 INFα was tested in a group of 35 patients that had 

previously undergone surgery, radiotherapy and chemotherapy. 

No complete or partial response was observed, and although most 

patients remained stable after 3 cycles, the median survival was 

8 months.30 Since meningiomas intensely express somatostatin 

receptors, octeotride was tested in 16 patients with recurrent 

meningioma with promising results31 but a more recent Phase II 

trial on 9 patients with WHO grade II and III meningiomas observed 

progressive disease in all patients at 10 months follow-up.32 

Moreover, Phase II clinical trials with either imatinib and HU33 or 

erlotinib/gefitinib34 observed modest and null effects in progressive 

and recurrent meningiomas, respectively. A meta-analysis of 47 

publications about surgery and radiation-resistant meningiomas 

that were treated with a variety of chemotherapeutic agents 

revealed that the weighed average PFS at 6 months for WHO I 

meningiomas was 29%, whilst for WHO II and III it was 26%.35 Such 

poor outcomes indicate that more effort needs to be made for the 

treatment of advanced and relapsing meningiomas.

 

Advances in Meningioma Genomics

Genomics has shed light on the mechanisms driving 

tumourigenesis and malignant progression in meningiomas 

during the last years. The most common findings are deletions 

on the 22q12.2 locus involving the NF2 gene.36 Another common 

deletion is that of the CDKN2A/p16 locus, which tends to 

accumulate in high grade tumours and correlates with survival.37 
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Figure 1. 3D representation of a dividing cell along with the proteins representing the main pathways involved in meningioma biology, progression and 
malignancy. Note that “CDHs” means “Cadherins” and that “p16” is the same as “CDKN2A”. The rest of the proteins are labelled according to the text. Less studied 
pathways in meningioma, such as calcium channel activiy, HOX genes and lipid metabolism are not represented for the sake of brevity. 
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Along with NF2, deletion of CDKN2AB locus (which encodes the 

ARF, CDKN2A/p16 and CDKN2B/p15 genes) promote meningioma 

development and malignant progression in mice.38 A Genome-

Wide Association Study (GWAS) found a susceptibility locus at 

10p12.31 near the MLLT10 gene.39 Other studies identified Single 

Nucleotide Polymorphisms (SNPs) associated to meningioma 

risk in Ki-RAS, ERCC2, ERCC4, SOD3, GSTT1, CASP8, MUTYH and 

PCNA.5 More recently, frequent somatic mutations in TRAF7, KLF4, 

AKT1 and SMO were reported by various studies.40,41 Interestingly, 

TRAF7 mutations were totally exclusive of NF2 mutations.40 

AKT1 and SMO mutations are mostly present in wild-type NF2 

tumours.40,41 These studies revealed that non NF2-tumours tend 

to be benign, to originate from the medial skull base and to 

show genomic stability,40 whilst NF2-related meningiomas have 

increased chromosomal instability, tend to be atypical and are 

mostly located in the cerebral or cerebellar hemispheres.40,42 A 

focused analysis of the main genes in the Epidermal Growth Factor 

Receptor (EGFR) pathway only revealed mutations in PIK3CA 

in less than 4% of the cases, and especially in Grade II and III 

tumours. No significant numbers of mutations were observed in 

EGFR, KRAS or BRAF.43,44 PTEN, which is a PIK3 inhibitor and tumour 

suppressor gene, is mutated in a similar proportion of Grade II and 

Grade III meningiomas.45 A recent study reported TERT promoter 

mutations associated with TERT expression changes in 28% of 

meningiomas undergoing malignant histological progression.46 

Progesterone Receptor (PR) gene is overexpressed in Grade I 

meningiomas compared to Grade II and III meningiomas,47 and 

it is strongly and inversely correlated with Ki-67, a marker of 

proliferation.48 Abnormal splice forms of the Estrogen Receptor 

(ER) gene have been observed in meningiomas too.49 Despite its 

weak expression, ER levels predominate in Grade I meningiomas.50 

Platelet-derived Growth Factor Receptor (PDGFR) blockade with 

micromolar concentrations of sunitinib has strong cytostatic and 

anti-migratory effects on meningioma cells in vitro,51 and a clinical 

trial is undergoing to evaluate its effect on patients with relapsing 

or inoperable meningiomas.52 Sunitinib also targets Vascular 

Endothelial Growth Factor Receptors (VEGFRs).53 The expression 

of VEGF is positively correlated with mean microvascular density 

in meningiomas,54 but a retrospective analysis of 15 patients 

with NF2-related meningiomas treated with bevacizumab only 

detected short duration responses. This suggests that the VEGF 

pathway is not the main driver of angiogenesis in meningiomas.55 

Nevertheless, a clinical trial is undergoing to evaluate the 

combination of bevacizumab and everolimus in the treatment of 

refractory and progressive meningiomas (56). Considering this, it 

seems reasonable that targeting other angiogenic factors may be 

a more reasonable approach. For example, Endothelin 1 (END1) 

is overexpressed in meningiomas and correlates with microvessel 

density.57 Insulin-like Growth Factors (IGFs) and their receptors are 

involved in angiogenesis too.58 Particularly, IGF1R has a recognized 

role as promoter of cell migration, tumour growth and angiogenesis 

in cancer.59 We have recently described that a SNP in IGF1R is 

substantially associated to a co-expression network of genes deeply 

correlated with meningioma grade.60 A study on NF2-deficient 

schwannomas discovered that increased proliferation in these 

tumours depends on the strong activation of PDGFR-β and ErbB2/3 

on the one side, and on the over-expression and self-activation of 

IGF-1R on the other side.61 Curiously, both pathways converged in 

PIK3, which is known to be mutated in advanced meningiomas.43,44 

Interestingly, a clinical case reported the reduction of a Grade I 

meningioma after treatment with an IGF-1R inhibitor for her lung 

adenocarcinoma.62 Another important angiogenesis regulator, 

Neuropilin 1 (NRP1), probably has a important role in meningioma 

development. NRP1 acts as co-receptor of extracellular ligands such 

as VEGF-A, Semaphorin 3A (SEMA3A) and Transforming Growth Factor 

β (TGF-β).63 NRP1 can promote or block angiogenesis depending 

on local conditions.64 SEMA3A competes with VEGF for binding to 

NRP1, establishing a balance for normal vasculature development. 

VEGF/SEMA3A ratios positively correlate with meningioma grade and 

recurrence rate.65 Moreover, NRP1 also has affinity for TGF-β receptors 

and increases TBF-β signalling,66 which can further promote cancer 

progression.67 NRP1 activity can partially explain the non-sustained 

responses to bevacizumab known so far in meningioma. Indeed, 

we have observed that SNPs in the NRP1 gene are significantly 

associated with patterns of gene expression associated with WHO 

Grade.60 Blocking NRP1 and its interactions with VEGFR1 and VEGFR2 

is an active field of basic and clinical research68,69 and is a promising 

candidate for meningioma therapy. 

Cadherins are a family of adhesion molecules that mediate cell-

cell interactions70 and whose role in meningioma is becoming 

increasingly important. E-cadherin is the most studied component 

due to its involvement in epithelial-to-mesenchimal transition, a 

hallmark of invasive cancers, including meningiomas.71 Cadherin 

and Wnt/β-catenin pathways are intimately associated,72 and not 

surprisingly deregulation of the Wnt pathway plays important 

roles in meningioma progression and recurrence.73 We have 

recently described associations of genomic markers in four 

Cadherin genes (namely CDH8, CDH9, CDH12 and CDH13) with a 

co-expression network of transcripts associated with meningioma 

malignancy.60 Other genes associated with calcium channel 

activity, HOX genes and lipid metabolism also ranked high in the 

results, which is consistent with some research results.74-76 The 

most important components of this co-expression network were 

deeply enriched in microtubule-associated pathways and in the 

M-phase checkpoint.60 In this same study, we also reported a 

group of SNPs significantly associated with meningioma stage in 

a region proximal to SEL1L, which encodes an unfolded protein 

response protein that fosters cell adaptation to an increased 

61
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proliferating rate.60,77 Taken together, these findings suggest that 

the aforementioned pathways are great candidates for therapeutic 

modulation and they collectively merit further investigation. 

 

Conclusion 

Meningiomas are associated with increased morbidity and mortality 

rates in all their stages. Current treatment strategies are focused 

on surgery and radiotherapy, which are very effective for benign 

and resectable meningiomas. However, relapsing and high grade 

meningiomas do not benefit substantially from these approaches. 

Although some chemotherapeutic drugs are recommended in these 

cases, research has shown little beneficial effects. The advances in 

meningioma biology have identified various genes and pathways 

candidate for directed therapies (see Figure 1). The combined 

modulation of these targets is a promising area of research and 

should be evaluated in the near future.
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Upcoming Congresses and Meetings

EMBO | EMBL Symposium - 
Frontiers in Stem Cells and Cancer

29th - 31st March, 2015

Heidelberg, Germany

This conference aims to establish an 

interactive forum for stem cell- and molecular 

biologists that study pluripotency and its 

impact on cancer. Major emphases are 

cancer growth- and stem cell self-renewal 

mechanisms, their regulation by epigenetic 

means and non-coding RNAs. As such, the 

meeting is designed to connect scientists 

working in some of the most-intensely 

studied areas of research, not usually 

interacting in a concise conference setting. 

www.embo-embl-symposia.org/

symposia/2015/EES15-01/index.html

Gordon Research Conference — 
Cancer Genetics and Epigenetics 
2015

12th - 7th April, 2015

Lucca, Italy

The causative links between genomic and 

genetic variations and cancer are well 

documented and have provided a greater 

understanding of tumour genesis and 

cancer progression. Molecular genetic 

information has been used to derive new 

therapeutic regimens and has accelerated 

the development and application of 

“personalised cancer medicine”. 

There are also an increasing appreciation 

that epigenetic aberrations that are often 

directly caused by genetic defects resulting 

in loss- or gain-of-function of epigenetic-

regulators also contribute significantly 

to cancer onset and progression. Indeed, 

parallel integration of our knowledge of 

the cancer genome and epigenome using 

sophisticated “omics-based” technologies 

and high throughput functional screening 

techniques are providing even more 

tangible links between genetic/genomic 

aberrations, epigenetic/epigenomic 

dysregulation and tumour genesis. This 

information is being functionally validated 

using experimental models that accurately 

reflect the underlying genetic and 

epigenetic alterations observed in human 

tumour samples. 

Moreover, the information is being 

translated into clinical use through the 

development of genetic and epigenetic 

biomarkers of cancer development, 

evolution, heterogeneity and response to 

therapeutic intervention. 

This GRC series focuses on the advances in 

discovering and validating “driver” mutations 

in cancer genes, understanding the 

downstream consequences of these genetic 

changes on the epigenome and how this 

information is being best utilised to advance 

cancer detection, monitoring and therapy. 

www.grc.org/programs.aspx?id=12552

3rd ESTRO Forum

24th - 28th April, 2015

Barcelona, Spain

The 3rd ESTRO Forum will provide a wonderful 

platform in which to explore innovations and 

the latest advances in radiation oncology. 

www.estro.org

Controlling Cancer Summit

12th - 14th April, 2015

London, UK 

With plenty of opportunity for networking 

and debate, this informal international 

meeting will bring you up to date with 

current research and thinking regarding 

cancer screening, prevention and treatment. 

Presenters will include Clinicians, Academics 

and members of the Pharmaceutical 

industry and we encourage presentations 

from the wide spectrum of cancer research, 

development and healthcare professionals.

www.regonline.co.uk/cancer2015

International Cancer Screening 
Network (ICSN) Meeting 2015

2nd - 4th June, 2015 

Rotterdam, Netherlands

The International Cancer Screening Network 

(ICSN) Meeting focuses on collaborative 

research that is aimed at identifying and 

fostering efficient and effective approaches 

to cancer control through population-based 

screening. Meeting topics will include: - 

Individualised screening - Implementation and 

lessons learned from organised programs in 

middle-to-high-resource countries - 

Optimising benefits and minimising harms; 

evidence on screening effectiveness - 

Screening in low-resource countries and 

populations - Informed decision making in 

cancer screening .
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The ICSN is a voluntary consortium of countries 

that have active population-based cancer 

screening programs. The consortium was 

established in December 1988 as the International 

Breast Cancer Screening Database Project 

during an international workshop involving 

representatives from 11 countries. The consortium 

has since grown to encompass more than 30 

countries and now addresses colorectal, cervical, 

and other types of cancer screening. The ICSN 

is dedicated to collaborative research aimed at 

identifying and fostering efficient and effective 

approaches to cancer control worldwide through 

population-based screening. It does not address 

efficacy or use clinical trials data. 

www.scgcorp.com/ICSN2015/

8th International Symposium on 
“Focal Therapy and Imaging in 
Prostate and Kidney Cancer”

21st - 23rd June, 2015

Noordwijk, Netherlands

During our three day event, which aims to 

incorporate real-time imaging into the diagnostic 

and treatment strategy for prostate and kidney 

cancer, delegates will have the opportunity to 

get valuable insights by attending to an exciting 

and interactive scientific program with state-of-

the-art presentation, video demonstrations and 

hands- on workshops, delivered by a World-class 

faculty. Participants will also have the opportunity 

to networking with our faculty and exchange 

opinions and experiences. 

www.focaltherapy.org/

Annual Meeting on Supportive Care 
in Cancer

25th - 27th June, 2015 

Copenhagen, Denmark

MASCC/ISOO 2015 Annual Meeting will focus on 

new developments, evidence-based supportive 

care, challenges and modern technology in 

supportive cancer care. 2015 will feature an early 

acceptance/rejection for abstract submission, 

state-of-the art program and expert faculty. 

http://mascc2015.kenes.com

Oncologic Imaging Course

25th - 27th June, 2015 

Dubrovnik, Croatia

www.oncoic.org

World Conference on Lung Cancer

6th -10th September, 2015

Denver, Colorado, USA

www.iaslc.org

International Meeting of the 
European Society of Gynaecological 
Oncology

24th - 27th October, 2015

Nice, France

Join over 2500 colleagues in the beautiful city 

of Nice for ESGO 2015; a unique educational 

experience where you will benefit and learn 

about the newest developments, innovative 

techniques and advanced practices in 

gynaecological oncology.

http://www.bad.org.uk/

Advanced Breast Cancer Third 
International Consensus 
Conference (ABC3)

5th - 7th November, 2015

Lisbon, Portugal

ABC Consensus Conferences have the 

ambitious goal of improving outcomes for 

all patients with advanced breast cancer. 

We believe that, backed by strong political 

advocacy, ABC guidelines will raise standards 

of care, improve awareness about how best to 

meet the needs of this underserved group of 

patients, and help identify research priorities 

so that clinical research is focused on the most 

important areas of unmet need. 

http://esgo2015.esgo.org

AACR Annual Meeting

16th - 23rd April, 2016

Louisiana, USA

http://www.aacr.org

American Society of Clinical 
Oncology 2016 Annual Meeting

3rd - 7th June 2016

Chicago, USA

Attendees of the 2016 Annual Meeting will 

find cutting-edge scientific presentations and 

comprehensive educational content. The ASCO 

Annual Meeting brings together more than 

25,000 oncology professionals from a broad range 

of specialties, making it an excellent venue for 

exploring the theme of the Meeting — “Science 

and Society.” Prospective attendees can familiarise 

themselves with some basic information, 

including: The various session types that will 

take place at the Annual Meeting, The Cancer 

Education and Scientific Program Committees.

http://am.asco.org/

17th World Conference on Lung 
Cancer 2016

4th - 7th December 2016

Vienna, Austria

The World Conference on Lung Cancer (WCLC) 

is the world’s largest meeting dedicated to lung 

cancer and other thoracic malignancies. More 

than 7,000 delegates come from more than 100 

countries to discuss the latest developments 

in thoracic malignancy research. Attendees 

include surgeons, medical oncologists, 

radiation oncologists, pulmonologists, 

radiologists, pathologists, epidemiologists, 

basic research scientists, nurses and allied 

health professionals and patients.  

www.iaslc.org/events/17th-world-conference-lung-cancer

For a more extensive list of upcoming events please visit : www.cambridgeresearchcentre.co.uk



4 – 6 September 2015
Paris, France

ILCA 2015
The International Liver Cancer Association Announces its 9th Annual Conference

Conference Highlights:

State-of-the-Art Lectures

Cutting Edge Symposia

General Sessions

Interactive Luncheon Workshops  

e-Poster Viewing Tours

Industry Exhibition

Networking Breaks and Reception

www.ilca2015.org 
Abstract submissions open in January 2015

The international multidisciplinary forum for liver cancer 
experts around the latest innovations in research and care



The Cambridge Research Centre  
is completely independent of the 
review events (ASCO 2014) and 
the use of the organisation and 
event hyperlink does not constitute 
endorsement or media partnership in 
any form whatsoever.

The Cambridge Research Centre 
Coppergate House 
16 Brune Street 
London
E1 7NJ
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