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3. SYNOPSIS

Study title: A  dose-escalation  Phase I  Study  Of  hrBMP4  Administrated  Via 
Convection-Enhanced Delivery In Patients With Progressive And/Or 
Multiple Recurrent Glioblastoma Multiforme

Protocol number: hrBMP4-001

Type of study: Phase I

Sponsor: Stemgen

Study Coordinator: Prof.Francesco  DiMeco,  Director  of  Neurosurgery  Department
Istituto Neurologico Carlo Besta - Milano

Study drug: Recombinant Bone Morphogenic Protein-4 (hrBMP4)

Dose to be studied: 0.5, 1.5, 4, 9 and 18 mg

Dosage form: lyophilized powder to be reconstituted

Route: intra-tumour and interstitial convection enhanced delivery (CED) as a 
continuous infusion via intracranial catheters

Study centres: 5 centres in 4 countries (2 in Italy, 1 in Germany, The Netherlands 
and Israel)

Study objectives: Primary:

 To  evaluate  the  feasibility  and  safety  of  intra-tumour  and 
interstitial therapy with GMP hBMP4 in increasing doses in 
patients  with  progressive  and/or  multiple  recurrent 
Glioblastoma  multiforme (GBM),  identify  dose-limiting 
toxicity (DLT), and to determine whether there is a maximum 
tolerated dose (MTD)

Secondary:

 To  assess  the  radiological  response  to  GMP  hrBMP4 
following  intra-tumour  and  interstitial  administration  by 
convection enhanced delivery (CED).

 To assess the systemic exposure to GMP hrBMP4 following 
intra-tumour l and interstitial administration by CED.

Study design: This multicentre, open-label, dose escalating, Phase I study will enrol 
approximately 18 patients with progressive and/or multiple recurrent 
GBM,  who  after  failure  of  standard  therapies  will  receive  GMP 
hrBMP4 via intra-tumour and interstitial delivery by CED.  

Patients  will  undergo  a  resection  or  biopsy  of  the  tumour, 
confirmation of viable malignant glioma tumour cells during frozen 
section  performed  by  the  neurosurgeon,  and  intra-tumour  and 
interstitial  placement  under  neuronavigational  guidance  of  2  or 
3 catheters.  No catheters  will  be placed at  time of resection.  After 
resection,  catheters  will  be  placed  during  a  separate  procedure 
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several days later based upon the patient’s condition as determined by 
both a clinical examination and routine MRI scan. 

The neurosurgeon will  take what  tissue is  required for frozen and 
permanent pathology standardized with SOP for freezing tissue. The 
archived tissue will be used for post-hoc analysis. 

Patients will receive intra-tumour and  interstitial CED of increasing 
amounts of hrBMP4 solutions (at a starting dose of 0.5 mg) and 1:70 
gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) in a total 
of 44-66 ml over up to 4-6 days at the discretion of the investigator. 
Gd-DTPA will be co-infused with BMP4 to determine the extent of 
intra-tumour  and  interstitial drug  delivery.  Patients  will  be 
hospitalized from the time of the original  surgery until  the end of 
infusion of BMP4. Patients will be followed for the duration of the 
study. 

The  primary  endpoint  of  the  study  is  monitoring  feasibility  and 
patient safety for the incidence of DLTs following intra-tumour and 
interstitial  therapy  with  GMP  hrBMP4  and  to  determine  whether 
there is a MTD.

Dose  escalation  will  be  conducted  to  assess  the  MTD  of  GMP 
hrBMP4 and will follow a standard ‘3+3’ scheme. Treatment cohorts 
will each consist of 3 patients and dose escalation will involve 5 dose 
levels. MTD is defined as one dose level below the dose at which 
≥33%  of  patients  experience  unacceptable  toxicity  (dose-limiting 
toxicity [DLT] ≥2 of 3). The dose escalation will stop when the MTD 
has been reached. In the absence of DLTs and a MTD, further dose 
escalation  will  be  permitted  (e.g.  30 mg  in  60 ml  over  a  longer 
infusion  period)  with  the  objective  of  determining  an  optimal 
biological dose.

Toxicity  data  for each cohort  will  be reviewed prior  to  each dose 
escalation.  A  cohort  will  be  considered  complete  if  3 patients 
complete the treatment at their assigned dose level. If 1 patient in a 
cohort experiences a DLT, 3 additional patients will be enrolled in 
that  cohort.  If  none of  the  additional  patients  experiences  a  DLT, 
escalation of the dose in the next cohort of patients will proceed. If a 
second patient in the same cohort experiences a DLT, further dose 
escalation  will  be  stopped,  and  the  previous  dose  level  will  be 
considered the MTD. Three additional patients will be added to the 
previous dose level to further define the MTD.

This study represents a single treatment cycle.

A maximal number of 30 patients (in case each dose level produces 1 
DLT) will be treated.

Other  study  endpoints  include  tumour  response  and 
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pharmacokinetics (PK) of GMP hrBMP4 following intra-tumour and 
interstitial CED, as well as quality of life (QOL).

Diagnosis and main 
criteria for inclusion:

Patients at least 18 years of age with malignant glioma (WHO grade  
IV) who have undergone conventional treatment,  including surgery 
(gross total resection or unintentional partial resection with residual 
tumour) or biopsy (with residual tumour), and/or radiation therapy, 
and/or chemotherapy, and have progressive and/or multiple recurrent 
GBM. 

Number  of  patients 
planned:

Approximately  18 patients  (including  3 patients  per  cohort,  plus  3 
additional patients to further define the MTD). A maximal number of 
30 patients (in case each dose level produces 1 DLT) will be treated. 

Dosing regimen: Patients will receive intra-tumour and  interstitial CED of increasing 
amounts  of  hrBMP4  solutions  (at  an  initial  dose  of  0.5 mg)  and 
1:70 Gd-DTPA in a total of 44-66 ml. hrBMP4 will be delivered as a 
continuous infusion via intracranial catheters.

Number of planned 
visits:

Screening  (≤28 days  prior  to  anticipated  surgery  date); 
Hospitalization  (including:  biopsy  or  tumour  resection  surgery, 
investigational medicinal product [IMP] infusion which commences 
on Study Day 1 and completes on Day 6, end of hospitalization); 4, 8 
and 12 weeks after the last infusion for primary evaluation (Note: if 
already discharged, patients will also visit the hospital as out-patients 
on 1 and 2 weeks after the last infusion for study assessments) and 
24, 36, 48 and 52 weeks after the last infusion for Follow Up. 

Safety parameters: Physical  examinations;  laboratory  analyses;  MRI  scans;  reported 
adverse events (AEs)

Efficacy parameters: Tumour response and QOL

Pharmacokinetic 
(PK) parameters:

Cmax, Ctrough, AUC∞, Vd, Clearance, t½

Statistical methods: Continuous  variables  will  be  summarized  by  descriptive  statistics 
(number  of  patients [N],  mean,  standard deviation [SD],  minimum, 
median  and  maximum).  Geometric  mean  and  coefficient  of 
variation (CV) will be presented for PK parameters when appropriate. 
Categorical  data  will  be  summarized  by  absolute  and  relative 
frequencies (n and %).

Sample size

No formal statistical calculation of sample size will be used as the 
study will follow a standard ‘3+3’ dose escalation design for 5 doses. 
A sample size of 3 evaluable patients per cohort is deemed to be a 
clinically  reasonable  number  of  patients  for  this  study. 
Approximately 18 evaluable patients are planned to be included for 
final analysis.
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6. INTRODUCTION

6.1. GENERAL INFORMATION

6.1.1. Active substance: Description of the medicinal product, pharmacological 
class and mode of action

Bone morphogenetic  proteins (BMPs) elicit  a plethora of actions throughout development 
and  adult  life  (Chen  D.et  al,  2004).  These  may  include  pro-survival,  pro-apoptotic  or 
pro-differentiation effects  depending on the cell  type being examined (Shah  et  al,  1996). 
Notably, in the adult brain, BMPs play an instructive role in the stem cell niche, where the 
interaction between these proteins and their inhibitor noggin, regulates the acquisition of an 
astroglial identity in the stem cell progeny (Lim et al, 2000; Panchison et al, 2002). Given the 
involvement of tumour stem cells in brain cancers and the instructive role of BMPs on neural 
stem cells and their progeny, Stemgen sought to examine the role these molecules play in the 
development of solid central nervous system (CNS) tumours. 

In  vitro studies  have  demonstrated  the  expression  of  BMP4  and  its  receptor  (BMPR) 
transcripts in acutely dissociated cells from human GBMs and in briefly cultured (48 hours) 
GBM cancer stem cells and have shown that saturating concentrations of BMP4 (100 ng/ml) 
activate  the  Sma  and  Mad  Related  Family  (SMAD)  intracellular  pathway,  via 
phosphorylation of the Smad 1,5,8 complex (Piccirillo et al, 2006). 

A 48-hour exposure to BMP4 triggered the differentiation of cells in human GBM without 
significantly  altering  their  viability  (non-cytotoxic  mechanism)  in  vitro.  Increased 
accumulation of cells in the G0/G1 phases and decreased size of the cell pool in S phase, 
decreased proliferation with a more than 70% reduction in clonogenic index, aμgmented cell 
adhesion,  increased  expression  of  differentiation  markers,  particularly  astroglial  glial 
fibrillary acidic protein (GFAP; greater than 2-fold increase), depletion of the Cancer Stem 
Cells (CSC) pool and loss of CSCs’ self-renewal ability were all observed, identifying cancer 
stem cells as the main target of the BMP4 pro-differentiation effects (Piccirillo et al, 2006). 

Additional  pre-clinical  studies  by  our  group  have  seen  reduced  proliferation  and 
differentiation of human GBM cells in over 50 patient derived samples (unpublished data). 
Furthermore, a transgenic mouse has been developed that over-expresses BMP4 in the CNS 
without  structural  or  behavioural  abnormalities.  The  over-expression  of  BMP4  was 
associated with an increase in the numbers of astrocytes and a decrease in the numbers of 
oligodendrocytes without changes in neuron numbers in the mouse CNS (Gomes, Mehler, & 
Kessler, 2003). 

In vivo in a mouse model, transient exposure (48 h) of acutely dissociated and cultured GBM 
cells to 100 ng/ml BMP4 in culture prior to intrastriatal injection  depleted the GBM BCSC 
population  and produced a  prominent  decrease  in  the  in  vivo tumour-initiating  ability  of 
GBM cells. When vehicle or BMP4 were delivered at the same time as transplantation of 
GBM  (co-treatment)  or  10  days  later  as  a  post-treatment,  mice  implanted  with  BMP4-
releasing polyacrylic beads (releasing BMP4 for over 1 week; unpublished data) displayed 
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small, confined lesions, compared with large, malignant lesions in control mice, and survived 
significantly  longer  than  control  animals  (Logrank  test:  p<0.001  and  p<0.005  for  co-
treatment and post-treatment, respectively) (Piccirillo et al, 2006).

By  direct  injection/infusion  of  BMP4  under  both  classical  subcutaneous  conditions  and 
following intracerebral grafting (orthotopic settings), BMP4 was efficacious in blocking the 
growth and expansion of CSCs in pre-established intracerebral  human glioblastomas in a 
mouse  model.  Infusion  of  BMP4  using  osmotic  minipumps  was  able  to  extend 
hGBM-bearing mice survival  versus human serum albumin (HSA) control,  starting at  the 
dosage of a total of 40 µg of protein delivered over two weeks (Log-rank p=0.05). 

Toxicology studies have shown that  continuous infusion of BMP4 (intravenous 20 mg or 
intracerebral 40 mg  and  110 mg)  for  seven  consecutive  days  does  not  cause  significant 
anatomical,  morphological,  vascular,  histological  changes,  with  the  exception  of  slight 
ventricular dilatation. This finding, noted  in animals of both sexes receiving the compound 
intracerebrally  at  the  doses  of  40  and  110  µg/animal,  was  associated  with  slight 
periventricular  oedema. The  ventricular  dilatation,  which  was  considered  probably 
consequent to the accumulation of excessive cerebrospinal fluid within the ventricular system 
of the brain, was not associated with any apparent damage of either the choroid plexuses 
epithelia or the ependymal cells lining the ventricles. The above local effects on the brain 
may be considered the result of a possible interference of the test compound on the complex 
mechanisms of homeostasis of the cerebrospinal fluid.  It should be emphasized that such a 
conclusion  cannot  come as  a  surprise  as  transgenic  animals,  which  heavily  over-express 
BMP4 throughout the whole brain do not display signs of abnormality, with the exception of 
a poor cognitive score (Gomes, Mehler, & Kessler, 2003).

Refer  to  the  Investigator’s  Brochure  for  further  details  regarding  the  non-clinical 
investigation of BMP4 in glioma.

6.2. DISEASE REVIEW AND RATIONALE FOR THE STUDY

Gliomas are the most common supratentorial primary brain tumour in adults and children. 
Malignant gliomas constitute at least 35% of all primary brain tumours and are the 3 rd leading 
cause of  death  from cancer  in  persons 15 to  34 years.  Despite  advances  in  conventional 
treatments, the prognosis for most patients with gliomas remains poor. For patients with the 
most common form, glioblastoma multiforme, the median survival is approximately 1 year, 
and at most, only 5% of people will survive 5 years after diagnosis. In patients with recurrent 
GBM  following  conventional  therapy,  the  median  overall  survival  time  is  25-27  weeks 
(Wong et al 1999 and Huncharek & Muscat 1998). This has led to an intensive search for 
alternatives. 

Conventional treatment of malignant gliomas is based on surgery (whenever possible), and 
on therapies,  such as  radiotherapy and chemotherapy,  which are  toxic  to  cells,  primarily 
targeting cells that proliferate rapidly. However, despite advances in conventional treatments, 
the prognosis for most patients with gliomas remains poor.

The diminished efficacy seen in many such treatments is not related to the inability of the 
cytotoxic compounds to kill tumour cells but is more related to the sub-optimal dose given to 
patients in order to avoid systemic toxicity and to the induced resistance of tumour cells to 
these therapies.
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Based on the ability of hrBMP4 to cause terminal differentiation of BTSCs without apparent 
toxicity,  our underlying hypothesis is that hrBMP4 can be safely and effectively delivered 
into and around malignant glioma tissue by means of Convection Enhanced Delivery (CED) 
to deliver BMP4 into brain tissue,  including tumours,  allowing convective distribution of 
high drug concentrations over large volumes of the target tissue, while avoiding systemic 
toxicity (Bobo, et al., 1994) (Lieberman, Laske, Morrison, Bankiewicz, & Oldfield, 1995), 
making CED perfectly suited for delivery of BMP4 to recurrent GBM. As detailed above, 
infusion of hrBMP4 was able to extend hGBM-bearing mice survival, starting at the dosage 
of a total of 40 µg of protein delivered over two weeks. hrBMP4 can therefore severely lessen 
the growth of GBM tumours  in vivo using technical settings similar to those proposed for 
human patients.

6.3. RISK-BENEFIT ASSESSMENT

The clinical advantages in the use of hrBMP4 is an alternative approach to cytotoxic therapy 
based on inducing stem and progenitor cell differentiation, causing them to lose their stem 
and proliferative qualities as well as their tumour/initiating capacity.

It is believed the risks for patients treated with hrBMP4 in this Phase I study will be minimal  
for the following reasons:  (1)  hrBMP4 will  be delivered directly  to  the tumour  reducing 
systemic exposure to hrBMP4 and possible peripheral effects, (2) BMP2, which is a similar 
ligand as hrBMP4 that binds to the same receptor and has nearly identical actions on blocking 
proliferation of  tumour cells (Lee et al, 2008) is FDA approved for peripheral human clinical 
use,  (3)  over  expression  of  hrBMP4 in a  rodent  produced no changes  in  the  number  of  
neurons, myelination patterns or gross structural abnormalities (Gomes, Mehler, & Kessler, 
2003), and (4) our published  (Piccirillo  et al,  2006)  and unpublished pre-clinical data have 
found  no  toxicity  related  issues  with  infusion  of  up  to  100  μg  of  hrBMP4  either 
subcutaneously or intracranially.

The potential risks associated with the tumour biopsy for confirmation of diagnosis and with 
placement  of  intracerebral  catheters  include  bleeding,  infection,  stroke,  haemorrhage  and 
need  for  further  procedures.  The  protections  against  risks  of  surgery  are  part  of  routine 
medical care. These protection measures include exclusion of patients with haematological 
abnormalities,  antibiotic  pre-operative  prophylaxis,  anti-septic  technique  and  close  post-
operative monitoring. These protections are widely accepted as effective methods to decrease 
the morbidity and mortality of surgery.  Additionally, computer assisted stereotaxis will be 
used for the biopsy as well as intracerebral catheter placement to minimize the tissue damage. 
Stereotactic surgery has been shown to be very effective in improving neurosurgical care 
(Field et  al,  2001; Evans, 2006). No increased risk for hemorrhage was found in patients 
undergoing biopsies of highly vascular lesions (Table 6-1 Field et al, 2001).

The risk of CED (meaning surgery, implantation of the infusion catheter and drug infusion) 
includes inaccurate catheter placement and severe adverse events of the general anaesthesia 
and/or neurological injury as a result of stroke or haemorrhage. However a number of studies 
have demonstrated the safety and efficacy of the CED (Kunwar et al, 2003; Lidar et al, 2004; 
Prados et al, 2002). The stereotaxy has proven high level of accuracy with errors <5 mm in 
over 98% of cases (Golfinos et al, 1995; Roessler et al, 1997). If infusion into subarachnoid 
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space  may occur  because of inaccurate  catheter  placement  clinical  toxicity  would not  be 
expected, given the results of pre-clinical trials.
CED  clinical  trials  have  been  carried  out  with  various  agents  including  conventional 
chemotherapies  (Bruce  et  al,  2011),  cytotoxin-ligand  conjugates  targeting  cell  surface 
receptors, (Laske et al, 1997; Weaver et al, 2003; Weber et al, 2003; Weber et al 2003) and 
monoclonal antibodies with (Patel et al, 2005) or without (Wersall et al, 1997) radioactive 
isotope conjugates, antisense oligonucleotides (Bogdahn et al, 2011) and liposomal vectors 
engineered to deliver gene therapy (Voges et al, 2003). Phase I-III trials were carried out in 
humans  starting  in  the  1990s  demonstrating  adequate  safety  profiles  for  a  number  of 
convection-delivered agents (Table 6-2 to 6-5 Healy et al, 2015).

Table 6-1: Results of the Pearson chi-square analysis for the presence of any detectable   
                  blood in vascular lesions after stereotactic biopsy* 

Table 6-2: CED clinical trials. Targeted fusion toxins

Table 6-3: CED clinical trials: Chimeric monoclonal antibodies
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Table 6-4: CED clinical trials: Conventional chemotherapeutics agents

Table 6-5: CED clinical trials: Other novel therapeutics
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7. OBJECTIVES

7.1. PRIMARY OBJECTIVE

The primary objective of this study will  be to evaluate the feasibility and safety of intra-
tumour  and peri-tumour  therapy  with  GMP hBMP4 in  increasing  doses  in  patients  with 
progressive and/or multiple recurrent GBM, identify DLT, and to determine whether there is 
a maximum tolerated dose (MTD).

7.2. SECONDARY OBJECTIVE(S)

The secondary objectives will be:

 To assess  the  radiological  response  to  GMP hrBMP4 following  intra-tumour  and 
interstitial CED.

 To  assess  the  systemic  exposure  to  GMP  hrBMP4  following  intra-tumour  and 
interstitial CED.
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8. INVESTIGATIONAL PLAN

8.1. SUMMARY OF STUDY DESIGN

This  multicentre,  open-label,  dose  escalating,  Phase I  study  will  enrol  approximately 
18 patients with  progressive and/or multiple recurrent GBM, who after failure of standard 
therapies will receive GMP hrBMP4 via intra-tumour and interstitial CED for up to 6 days at 
the discretion of the investigator.  

Patients will undergo a resection or biopsy of the tumour, confirmation of viable malignant 
glioma tumour cells  during frozen section performed neurosurgeon, and intra-tumour and 
interstitial placement under neuronavigational guidance of 2 or 3 catheters. No catheters will 
be placed at time of resection. Catheters will be placed during a second procedure a few days 
later based upon the patient’s condition as determined by both a clinical examination and 
routine MRI scan. Two to three catheters will be placed.

The  neurosurgeon  will  take  what  tissue  is  required  for  frozen  and  permanent  pathology 
standardized  with SOP for freezing tissue.  The archived tissue will  be used for post-hoc 
analysis.  Patients will receive  intra-tumour  and interstitial CED of increasing amounts of 
hrBMP4 solutions  (at  a starting  dose of  0.5 mg) and 1:70 gadolinium-diethylenetriamine 
pentaacetic acid (Gd-DTPA) in a total of 44-66ml over up to 4-6 days. Gd-DTPA will be 
co-infused with BMP4 to determine the extent of intra-tumour and interstitial drug delivery. 
HrBMP4 will be delivered as a continuous infusion via the intracranial catheters.

Patients will be hospitalized from the time of the original surgery (tumour resection) and to 
receive treatment. Patients will be followed for the duration of the study. 

The  primary  endpoint  of  the  study  is  monitoring  feasibility  and  patient  safety  for  the 
incidence of DLTs following intra-tumour and interstitial therapy with GMP hrBMP4 and to 
determine whether there is a MTD.

Dose escalation will be conducted to assess the MTD of GMP hrBMP4 and will follow a 
standard ‘3+3’ scheme. Treatment cohorts will each consist of 3 patients and dose escalation 
will involve 5 dose levels. MTD is defined as one dose level below the dose at which ≥33% 
of patients experience unacceptable toxicity (dose-limiting toxicity [DLT] ≥2 of 3).  The dose 
escalation will stop when the MTD has been determined.

Toxicity data for each cohort will be reviewed prior to each dose escalation. A cohort will be 
considered complete  if  3 patients complete the treatment  at  their  assigned dose level and 
receive the full dose administered. If 1 patient in a cohort experiences a DLT, 3 additional 
patients will be enrolled in that cohort. If none of the additional patients experiences a DLT 
for 28 days following the start of the dose administration, escalation of the dose in the next  
cohort of patients will proceed. If a second patient in the same cohort experiences a DLT, 
escalation of the dose in the next cohort will not occur, and the previous dose level will be 
considered the MTD. Three additional patients will be added to the previous dose level to 
further define the MTD.

This study represents a single treatment cycle.

A maximal number of 30 patients (in case each dose level produces 1 DLT) will be treated.
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The study design is summarised in Figure 8.1.

Figure 8-1: Study Design

* If one patient in a cohort experiences a DLT, three additional patients will be enrolled in that cohort. If none of 
the additional patients experiences a DLT, escalation of the dose in the next cohort of patients will proceed. If a 
second patient in the same cohort experiences a DLT, escalation of the dose in the next cohort will not occur,  
and the previous dose level will be considered the MTD. Three additional patients will be added to the previous 
dose level to further define the MTD.

Other study endpoints include tumour response and pharmacokinetics (PK) of GMP hrBMP4 
following intra-tumour and interstitial CED, as well as quality of life (QOL).

A schedule for the tests  and evaluations to be conducted in this  study is  found in  Error:
Reference source not found Study Flow Chart. 

For the purposes of this study, Study Day 1 (D1) is defined as the first day of treatment with 
GMP hrBMP4.  All days thereafter are defined as “Dn” (e.g. D1, D2, D3 etc).
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For each visit after the treatment, the time window is ± 3 days (e.g., Week 4 ± 3 days, etc.).

The expected duration of the study for each patient is 12 weeks for the primary evaluation 
and up to 12 months for follow up.  

A study initiation visit must be conducted prior to the commencement of any study activities 
requiring informed consent (i.e. any invasive screening tests).

8.1.1. Dose Escalation

The dose escalation scheme of the study is presented in Table  8 -1. 

Table 8-1: GMP hrBMP4 dose escalation schedule

Treatment 
Cohort

Number of 
patients

Dose (mg) Schedule

1 3 0.5 (starting dose) Continuous infusion up to 6 days

2 3 1.5 Continuous infusion up to 6 days

3 3 4 Continuous infusion up to 6 days

4 3 9 Continuous infusion up to 6 days

5 3 18 Continuous infusion up to 6 days

Gd-DTPA (1:70 Gd-DTPA in  a  total)  will  be co-infused with hrBMP4 to  determine  the 
extent of intra-tumour and interstitial drug delivery.

8.1.1.1. Dose escalation rules

The dose escalation rules of the study are presented in Table  8 -2.
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Table 8-2: Dose escalation rules

Number of patients with 

treatment related DLT at a 

given dose level

Dose escalation decision rule

0 out of 3 Enter 3 patients at the next dose level.

>2 Dose  escalation  will  be  stopped.   This  dose  level  will  be 

declared  the  maximally  administered  dose  (highest  dose 

administered).  Three (3) additional patients will be entered at 

the  next  lower  dose  level  if  only  3  patients  were  treated 

previously at that dose.

1 out of 3 Enter at least 3 more patients at this dose level.
 If 0 of these 3 patients experience treatment related DLT, 

proceed to the next dose level.
 If 1 or more of this group suffer treatment related DLT, then 

dose escalation is stopped, and this dose is declared the 

maximally administered dose.  Three (3) additional patients 

will be entered at the next lowest dose level if only 

3 patients were treated previously at that dose.

8.1.1.2. Definition of Dose Limiting Toxicity (DLT)

A DLT will be defined as any Grade 3 or 4 adverse event (AE) that occurs in a patient that is 
considered to be definitely, probably, or possibly related to GMP hrBMP4 drug infusion by 
the investigator (this does not include AEs not related to drug infusion such as those related 
to catheter placement).

AEs of abnormal serum laboratory values must be Grade 4 to be considered as DLT.

An AE which, in the opinion of the investigator, is attributed to a patient’s underlying disease 
will not be considered a DLT. 

A Serious Adverse Event (SAE) may be considered a DLT. 

The duration of the observation period for DLTs will be 28 days following the start of the 
IMP infusion.

The severity of AEs will be codified according to the National Cancer Institute Common 
Terminology  Criteria  for  Adverse  Events (NCI-CTCAE)  Version 4.0. 
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm.).
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8.1.1.3. Data safety monitoring board (DSMB)

This DSMB will be composed of experienced medical doctors who are independent of the 
trial.

The DSMB will formally review toxicity and other relevant data at the completion of each 
dose  level  cohort  and  will  issue  all  recommendations  pertaining  to  dose-escalation.  If 
applicable, the committee may recommend to stop dose escalation, or to add one or more 
dose escalation cohort(s) if the highest dose is reached in the absence of DLT or to add one or 
more intermediate dose level(s) to determine MTD in event of DLT.

Causality  of  AEs  will  initially  be  attributed  by  local  investigator  and  later  confirmed  / 
determined by the DSMB.

All decisions will be documented in the form of minutes.

8.2. DISCUSSION OF TRIAL DESIGN

This study follows a standard and well validated dose escalation methodology. The review of 
toxicity data conducted once each dose level cohort has been completed ensures an ongoing 
scrutiny of the GMP hrBMP4 safety profile.

The open-label conduct of the trial allows for rapid assessment of the drug-relatedness status 
of any toxicity.

The trial will thus allow for an attentive patient safety evaluation while determination of the 
MTD is ongoing.

8.3. TRIAL TIMETABLE (STUDY PERIODS)

The trial includes the following visits: 

 Screening (≤28 days prior to anticipated surgery date)

 Hospitalization  (including  original  tumour  resection  surgery,  investigational 
medicinal product [IMP] infusion which commences on Study Day 1 and completes 
on Day 6, end of hospitalization) 

 4, 8 and 12 weeks after the last infusion for the primary evaluation (Note: if already 
discharged, patients will also visit the hospital as out-patients on 1 and 2 weeks after 
the last infusion for study assessments)

 24, 36 and 48 weeks for Follow Up

 End of study visit at Week 52
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9. SELECTION AND WITHDRAWAL OF SUBJECTS/PATIENTS

Approximately  18 patients  (including  3 patients  per  cohort,  plus  3  additional  patients  to 
further define the MTD) will be included in the study. A maximal number of 30 patients (in 
case each dose level produces 1 DLT) will be treated.

9.1. INFORMED CONSENT

Each  potentially  eligible  patient  will  be  informed  of  the  study's  objectives  and  overall 
requirements.  Prior to conducting any of the pre-entry tests not performed routinely in the 
treatment of the patient and prior to the original surgical intervention/ tumour resection, the 
investigator  will  explain  the  study  fully  to  him/her  using  the  Patient  Informed  Consent 
Documents (PICD).  If the patient is willing to participate in the study, (s)he will be requested 
to  give  written  informed  consent  after  being  given  sufficient  time  to  consider  his/her 
participation and the opportunity to ask for further details.  The Informed Consent will be 
signed and personally dated by both the patient and the investigator.  A copy of the signed 
form will be provided to the patient and the original retained with the source documents. 
Although nursing staff may be involved in describing the trial to a patient, the investigator 
must participate in discussions with the patient and sign and personally date the Informed 
Consent.

9.2. INCLUSION CRITERIA

To be eligible for inclusion into this study, each patient must fulfil the following inclusion 
criteria ≤ 28 days prior to the anticipated surgery date, as defined in Section 12:

1. Malignant  glioma  (WHO grade  IV)  who  have  undergone  conventional  treatment, 
including surgery (gross total resection or unintentional partial resection with residual 
tumour)  or  biopsy  (with  residual  tumour),  and/or  radiation  therapy,  and/or 
chemotherapy, and/or Temozolomide and have progressive and/or multiple recurrent 
GBM. Preoperative assessment by clinical presentation and CT/MRI appearance of 
the lesion will identify suitable candidates.

2. Age 18-75 years.  

3. Karnofsky  >70  (see  APPENDIX  C:  EXAMPLE  OF  PERFORMANCE  STATUS: 
KARNOFSKY SCALE).

4. Stable dose of corticosteroids no longer than 4 weeks prior to enrolment. 

5. Females of childbearing potential must have a negative serum or urine pregnancy test. 
Females who have undergone surgical sterilization or who have been postmenopausal 
for at least 2 years are not considered to be of childbearing potential. 

6. Females  of  childbearing  potential  and  males  who  have  not  undergone  surgical 
sterilization must agree to practice a form of effective contraception prior to entry into 
the study and for 1 month after the end of infusion.

Effective contraception:
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If female, is non-lactating, has a negative urine pregnancy test result, and does not plan 
on becoming pregnant during the study, or not of childbearing potential (hysterectomy 
or tubal ligation at least 6 months prior to entry to the study or post-menopausal for 1 
year); if of childbearing potential (including peri-menopausal women who have had a 
menstrual period within one year) must practice or be willing to continue to practice 
acceptable birth control from screening and until 1 week after the study medication has 
been discontinued. 

Acceptable birth control includes: 

a) Combined (oestrogen and progestogen containing) hormonal contraception;

b) Associated  with  inhibition  of  ovulation;  oral  OR  intravaginal  OR 
transdermal; 

c) Progestogen-only  hormonal  contraception  associated  with  inhibition  of 
ovulation: oral OR injectable OR implantable;

d) Progestogen-only oral hormonal contraception, where inhibition of ovulation 
is not the primary mode of action;

e) Intrauterine device (IUD);

f) Intrauterine hormone-releasing system (IUS);

g) Bilateral tubal occlusion;

h) Vasectomised partner;

i) Sexual abstinence;

j) Male or female condom with or without spermicide;

k) Cap, diaphragm or sponge with spermicide.

Complies with The Heads of Medicines Agencies (HMA) Recommendations Related 
to Contraception and Pregnancy Testing in Clinical Trials (Sept 2014). 

http://www.hma.eu/ctfg.html and 
http://www.hma.eu/fileadmin/dateien/Human_Medicines/01-
About_HMA/Working_Groups/CTFG/2014_09_HMA_CTFG_Contraception.pdf

The  definition  of  effective  contraception  will  be  based  on  the  judgment  of  the 
investigator.

7. Ability to understand and the willingness to sign a written informed consent document.

9.3. EXCLUSION CRITERIA

To be eligible for inclusion into this study, each patient must violate none of the following 
exclusion criteria ≤ 28 days prior to the anticipated surgery date, as defined in Section 12:

1. Patients who had chemotherapy, radiotherapy or other anti-neoplastic therapy (within 
4 weeks or 5x half-life whichever is shorter) prior to study treatment or those who have 
not  recovered  to  Grade ≤1 or  returned to  baseline  from any acute  treatment-related 
toxicities of the previous therapy except for alopecia and Grade 2 neuropathy.

2. Patients who are receiving any other investigational agents.
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3. Life expectancy <3 months.

4. Haematological dysfunction defined as:

- White blood cell (WBC) count <3.0 x 109/L;

- Absolute neutrophil count <1.5 x 109/L; 

- Haemoglobin level <10.0 g/dL;

- Platelet count <100 x 109/L.

5. Liver dysfunction defined as:

- Aspartate transaminase (AST) >2.5 x the upper limit of normal (ULN) for age and 
gender; 

- Alanine transaminase (ALT) >2.5 x the ULN for age and gender;

- Bilirubin >1.5 x the ULN for age and gender.

6. Renal dysfunction defined as:

- Creatinine clearance <60 mL/min/1.73 m2 for patients with creatinine levels above 
institutional normal for age and gender.

7. Serology indicating active infection with Hepatitis B or C, or HIV.

8. Significant co-morbidity, including coagulation disorders.

9. Pregnancy or unwillingness to practice reliable birth control.

10. Presence  of  another  active  malignancy  less  than  2 years  previously  (exception: 
non-melanoma skin cancer).

11. Multifocal, bilateral

12. Midline shift more than 5 mm

9.4. ASSIGNMENT OF PATIENT NUMBER

All patients who sign the PICD will be allocated a unique patient identification number. The 
number of any patient who is withdrawn from the study will not be reallocated. 

ORION Clinical Services will be responsible for allocating and recording patient numbers 
according to a Patient Enrolment Plan.

This patient identification usually comprise of numbers, referring to both the site and the 
patient, also including a country identification, e.g. Dxx-yyy could be Germany site xx and 
patient yyy. 
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9.5. PREMATURE WITHDRAWAL OF PATIENTS/SUBJECTS FROM 
STUDY AND REPLACEMENT POLICY

9.5.1. Discontinuation Criteria

9.5.1.1. Discontinuation of Investigational Medicinal Product (IMP) therapy

Patients have the right to stop IMP therapy at any time, without prejudice to their medical  
care. The Investigator may stop IMP therapy at any time if it is in the patient's best interest. 
The administration  of IMP therapy may also be terminated  by the Sponsor if  significant 
safety concerns arise during the conduct of the study.

If the IMP therapy is prematurely discontinued, the primary reason for discontinuation must 
be recorded in the appropriate section of the eCRF and all efforts will be made to complete 
and report the observations as thoroughly as possible.  Discontinuing of IMP administration 
is not a reason to discontinue from the study. Every effort should be made to collect complete 
information on patients whether ot not they complete the planned treatment.   A complete 
final evaluation following the of IMP discontinuation should be made with an explanation of 
why the patient is withdrawing from the study, as described in Section 12.4, and any AEs 
followed up until resolution or a period of 28 days from the last dose of IMP has elapsed, 
whichever is the longer.

The IMP therapy may be discontinued for any of the following reasons:

 Unacceptable toxicity related to IMP therapy,

 Intolerable or persistent AEs of any severity,

 General  or  specific  changes  in  the  patient's  condition  render  the  patient 
unacceptable for further treatment in the judgment of the investigator,

 Non compliance with study procedures and assessments,

 Withdrawal of patient consent,

 Administrative reasons.

9.5.1.2. Study withdrawal

Patients will be informed that they have the right to withdraw from the study at any time,  
without  prejudice  to  their  medical  care,  and are not  obliged to  state  their  reasons.   Any 
withdrawals  must  be  fully  documented  in  the  eCRF and  should  be  followed  up  by  the 
investigator.

Additionally, the investigator may withdraw a patient at any time if he/she considers this to 
be  in  the  patient's  best  interest.  The  study  will  be  terminated  if,  in  the  opinion  of  the 
investigator and the sponsor, significant safety concerns arise during the conduct of the study.
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Patients may be withdrawn for any of the following reasons:

 Disease progression, unless there is reasonable evidence of clinical benefit to justify 
continuation on protocol.  This must be discussed with the Sponsor,

 Intolerable or persistent AEs of any severity,

 Protocol  violations,  including  non-compliance  with  study  procedures  and  patient 
refusal,

 Patient choice to withdraw from study,

 Physician decision,

 At the specific request of the sponsor,

 Study terminated by sponsor.

If a patient fails to return for a scheduled visit/follow up, attempts should be made to contact  
the patient to ensure that the reason for not returning is not an AE.  Likewise if a patient 
declares  his/her  wish to discontinue  from the study e.g.  for  personal  reasons,  an attempt 
should be made to establish that the true reason is not an AE (bearing in mind the patient is  
not obliged to state his/her reasons).

9.5.2. Replacement Policy

Non-evaluable patients will be replaced.

An evaluable patient will be a patient who:

 meets  all of the inclusion and exclusion criteria specified (see Sections 9.2 and 9.3) 
within the specified time-frame,

 receives the allotted course of treatment and complete the required activities specified 
in this protocol. Note: If a patient discontinues due to a DLT, the patient will NOT be 
replaced,

 has his/her electronic case report form (eCRF) completed, received and accepted by 
ORION Clinical Services.

If necessary recruitment will be extended until 18 patients are evaluable.

Should a patient drop out or be withdrawn from the study, his/her screening number and 
his/her  recruitment  number  will  not  be reallocated.   A new patient  will  be screened and 
assigned a new screening number and if enrolled will be assigned a new patient ID number. 

In the instance where a patient fail screening, drop out or withdraw, the patient may not be 
rescreened.
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10. STUDY MEDICATION

Refer  also  to  Section 6.1.1.  A  generic  name/trade  name  for  hrBMP4  has  not  yet  been 
assigned.  

10.1. PRESENTATION, STORAGE, PACKAGING AND LABELLING

10.1.1. Presentation, Storage, Packaging and Labelling of Investigational Product

hrBMP4 lyophilized powder (0.5mg/vial) in vials.

hrBMP4 will be reconstituted before the treatment of each patient to a final concentration of 
0.3 mg/ml.

10.1.1.1. Storage/Stability of Investigational Product Name

For this study, hrBMP4 will be stored at +5°C ±3 unless otherwise specified by the Sponsor. 
All IMPs must be stored in a secure location and may be dispensed only by the investigator 
or by a member of staff specifically authorised by the investigator, or by a pharmacist, as 
appropriate.   Any  deviations  from  the  recommended  storage  conditions  should  be 
immediately reported to ORION and the use of drug interrupted until authorisation for its 
continued use has been given by the Sponsor.

10.1.1.2. Packaging/Labelling of Investigational Product Name

hrBMP4 vials will be packaged individually and  labelling will be prepared to meet the local 
regulatory requirements.

10.1.2. Presentation of Catheters

The trial will use the appropriate catheters useful for CED technique together with Brainlab 
software,  designed  for  both  routine  and  complex  surgical  procedures  and  the  surgical 
navigation involved continuously tracks surgical instrumentation in relation to actual patient 
anatomy and displays the relationship, in real time, on a software screen during surgery. In 
this  study,  Investigators,  with  the  use  of  Brainlab  software  and  systems  for  surgical 
navigation and intraoperative imaging, will determine where each catheter should be placed, 
as well as the relevant volume to be infused (i.e., distribution of total volume for infusion 
between the 2 or 3 catheters will be determined by Brainlab software dependent upon residual 
tumour and catheter placement and may not be equally distributed). Brainlab technology to 
be used is deemed to minimise the risk of backflow.

10.2. RECEIPT OF DRUG AT THE CENTRE/STABILITY DURING 
SHIPMENT

The IMP will be shipped to the centres as simple vials at +5°C ±3.  

A temperature probe and data logger will accompany the drug on shipment. It is essential that 
centres read out the temperature loggers immediately in order to verify the temperature range 
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reached  during  shipment,  so  that  potential  stability  concerns  during  shipment  can  be 
investigated and appropriate action taken, after consultation with the Sponsor.

10.3. DOSE, ROUTE AND SCHEDULE OF INVESTIGATIONAL PRODUCT 
ADMINISTRATION

HrBMP4 will be delivered as a continuous infusion via intracranial catheters. Patients will 
receive  intra-tumour and  interstitial CED of increasing amounts of hrBMP4 solutions (at a 
starting dose of 0.5 mg) and 1:70 Gd-DTPA in a total of 44-66 ml up to 4-6 days. 

Before GMP hBMP4 infusion, the position and proper convective function of the catheters 
will be assessed by test infusion of Gd-DTPA over 4 hours and subsequent MRI scanning. At 
least  one proper  functioning catheter  needs  to  be present  to  start  GMP hBMP4 infusion. 
Infusion rate and duration will be determined by the number of functioning catheters.

The maximum hrBMP4 concentration possible is 0,3mg/ml, comparing to a dose of 18 mg in 
60mL.  Dose  escalation  will  be  conducted  and  the  following  dose  levels  are  to  be 
administered:  0.5,  1.5,  4,  9 and 18 mg. Refer to  Table 8-1 in Section 8.1.1 for the GMP 
hrBMP4 dose escalation schedule.

GMP hBMP4 will be co-infused with 1:70 Gd-DTPA. After the end of infusion the catheters 
will be removed, a MRI scan will be done to assess extent of convection and drug distribution 
based on the distribution of Gd-DTPA.

If the MRI scan performed within 24 hours of start of infusion reveals no convection of Gd-
DTPA and leakage into CSF, the affected catheter will not be used for further infusion. The 
volume of the remaining catheters will be adjusted accordingly so that the total volume is 
delivered.

10.4. DOSE JUSTIFICATION

BMP4 has not yet administered to humans therefore the optimal dose and regimen of the 
compound  is  not  known.  Nonclinical  results  of  BMP4  administered  in  mice  have 
demonstrated  that  BMP4,  as  slow IC (at  40  or  110 µg/animal)  or  IV (at  20 µg/animal)  
continuous infusion over 7 days, did not produce any unscheduled death or abnormal findings 
at clinical observations, body weight, food consumption,  clinical pathology investigations, 
and no changes related to systemic toxicity  at  histological examination.  The only finding 
noted at the IC doses of 40 and 110 µg/animal was a dose-related minimal to slight ventricular 
dilatation involving the lateral ventricles, with associated periventricular oedema in most cases. 
The  ventricular  dilatation,  probably  consequent  to  the  accumulation  of  excessive 
cerebrospinal fluid within the ventricular system of the brain, was not associated with any 
apparent damage of either the choroid plexuses epithelia or the ependymal cells lining the 
ventricles. The above local effects on the brain may be considered the result of a possible 
interference  of  the  test  compound  on  the  complex  mechanisms  of  homeostasis  of  the 
cerebrospinal fluid.

Taking into account the nonclinical results of BMP4, the Lowest-Observed-Adverse-Effect 
Level (LOAEL) of 40 µg/animal was considered for the starting dose calculation. Using the 
most conservative approach, the dose of 40 µg/animal was converted into a mg/kg dose as if 
the route of administration was systemic and not compartmental.
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Assumptions:

 Mouse weight = 25 g (0.025 kg) 
 Human weight = 60 kg 
 Conversion factor mouse-human for deriving a human equivalent dose (HED) = 0.081 

(Guidance for Industry: Estimating the maximum safe starting dose in initial clinical  
trials for therapeutics in adult healthy volunteers - FDA CDER, July 2005)

Dose calculation:
 Mouse dose 40 µg = 40:0.025= 1600 µg/kg= 1.6 mg/kg
 HED = 1.6 x 0.081= 0.13 mg/kg
 HED = 0.13 mg/kg = 7.8 mg/human (for 60 kg)
 With the application of 1/10 safety factor, the maximum recommended starting dose 

(MRSD) is 0.78 mg/human.
To provide a further margin of safety for protection of human subjects receiving the initial 
clinical  dose,  the dose of 0.5 mg/patient  was chosen as the starting dose for the Phase I 
clinical trial.

The Sponsor considers CED to be well suited for delivery of BMP4 to recurrent GBM since 
CED is deemed an effective approach to directly deliver drugs into brain tissue, including 
tumours.  Based on delivering a continuous infusion of drugs via  intracranial  catheters,  it 
enables convective distribution of high drug concentrations over large volumes of the target 
tissue,  while  avoiding  systemic  toxicity  (Bobo et  al,  1994,  Proc  Natl  Acad Sci  U S  A; 
Lieberman et al,  1995, J Neurosurg). CED has been used extensively in clinical trials for 
treatment of GBM with promising results. There has been a number of clinical trials based on 
CED of active agents including a conjugate of transferrin and diphtheria proteins, taxol (Lidar 
et  al,  2004,  J  Neurosurg),  TP-38  (Sampson  et  al,  2003,  J  Neurosurg),  IL4-PE38KDEL 
(Kawakami  et  al,  2003,  J  Neurooncol)  and  IL13-PE38QQR  (Husain  et  al,  2003, 
J Neurooncol). Alternative approaches to delivery of BMP4 to tumour tissue include direct 
placement of drug in the tumour bed at the time of resection. However, this approach would 
be limiting due to dependence on diffusion for distribution of the drug into tissue far from the 
treatment site. 

10.5. CRITERIA FOR SCHEDULE ADUSTMENT/DOSE-MODIFICATION OF 
INVESTIGATIONAL PRODUCT

Intermediate doses will be permitted if a DSMB decision e.g., to determine MTD in event of 
DLTs. Further dose escalation will also be permitted in the absence of DLTs at the highest 
dose level (refer also to Section 8.1.1.3). 

10.6. INVESTIGATIONAL PRODUCT ACCOUNTABILITY

When IMP is received by the investigator (or pharmacist),  he/she will check for accurate 
delivery and acknowledge receipt by signing (or initialling) and dating the documentation 
provided by or on behalf of ORION Clinical Services and returning it to ORION Clinical 
Services.  A copy will be retained for the Investigator file.
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The dispensing of the IMP will  be carefully  recorded on appropriate  drug accountability 
forms (these will be provided by ORION Clinical Services) and an accurate accounting will 
be available for verification by the ORION Clinical Services CRA at each monitoring visit.

IMP accountability records will include:

 confirmation of delivery of the IMP to the trial site,

 the inventory at the site,

 the use for each patient,

 the return to the Sponsor of unused product(s).

They should include dates, quantities, batch numbers, expiration dates (if applicable), and any 
unique code numbers assigned to the IMP(s) and/or patients.  Investigators should maintain 
records which document adequately that:

 the patients were provided the doses specified by the protocol/amendment(s),

 all IMP provided by the Sponsor was fully reconciled.

Unused IMP must not be discarded or used for any purpose other than the present study.  

The ORION Clinical Services CRA will review the drug accountability forms and check all 
IMP returns (both unused  and used catheters)  prior to authorising their destruction by the 
study site. The used vials will be destroyed at the investigational site using the hospital waste.
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11. CONCOMITANT THERAPY/MEDICAL MANAGEMENT OF 
ADVERSE EVENTS

All surgical procedures will be done according to the standard of care. 

Any medications which are considered necessary for the patient's welfare, and which will not 
interfere  with  the  study  medication,  may  be  given  at  the  discretion  of  the  investigator. 
Medications/therapies which MUST be administered as part of the study treatment schedule 
are listed in Section 11.1.  

Administration of all concomitant drugs must be reported in the appropriate section of the 
eCRF  along  with  dosage  information,  dates  of  administration  and  reasons  for  use. 
Additionally any unplanned diagnostic, therapeutic or surgical procedure performed during 
the study period must be recorded in the comments section of the corresponding Adverse 
Event report.

11.1. MANDATORY CONCOMITANT THERAPY

The following medications MUST be given to each patient prior to administration of IMP:

 8mg Dexametasone will be administered intravenously the evening prior the surgery 
at the discretion of the investigator.
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12. SCHEDULE OF VISITS

12.1. PRE-STUDY EVALUATION

The investigator will carry out a pre-study screening visit for patients with progressive and/or 
multiple recurrent GBM prior to each patient starting treatment with hrBMP4 and Gd-DTPA. 
For  each  patient  considered,  eligibility  criteria  will  be  checked  for  compliance,  and  any 
possible deviations will be identified and discussed with the ORION Clinical Services Project 
Manager prior to that patient’s inclusion in the study.

The investigator will enter the details of each potentially suitable patient onto a “pre-study 
screening” log, and he/she will explain the details of the study to the patient.  The patient will  
be given a PICD to read for further information about the study (Refer to Section  9.1 for 
more details regarding informed consent).

The  “pre-study  screening”  log  will  be  provided  by  ORION  Clinical  Services  and  will 
completed by the investigator in order to keep a record of all patients who are considered for 
entry into the study,  whether they subsequently entered the study or not.  The reasons for 
their exclusion from the study will be recorded, if applicable.

A complete  pre-study  evaluation  will  be  conducted  including  the  procedures  outlined  in 
Sections 12.1.1 below.

12.1.1. Screening procedures to be performed within 28 days prior to anticipated 
surgery date

 Patient informed consent prior to the original surgical intervention/ tumour resection 
and prior to any study specific screening evaluations.

 Demographics including age and gender.

 Medical  history  including  oncologic  history,  history  of  other  diseases  (active  or 
resolved), concomitant illnesses, and demographics. 

 Physical  examination  including  examination  of  major  body  systems,  Karnofsky 
performance status, body weight, height (at Screening only), and vital signs (including 
temperature, blood pressure, heart rate, and respiratory rate). These examinations are 
to be conducted within 1 week prior to study treatment.

 Neurological examination to be conducted within 1 week prior to study treatment.

 Hematology  and  clinical  chemistry.  Refer  to  Section 15.2 for  a  listing  of  the 
laboratory  variables.  In  the  event  that  the  patient’s  condition  is  deteriorating, 
laboratory  evaluations  should  be  repeated  within 48  hours  prior  to  initiation  of 
treatment.

 Prothrombin time.

 Pregnancy test (serum or urine) for females of child-bearing potential.
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 Routine MRI scan of brain. Scans must be done within 28 days prior to the start of the 
infusion of hrBMP4 and Gd-DTPA. 

 Assessment of concomitant medications and treatments.

 Monitoring  of  AEs  (AEs  are  to  be  recorded  from  the  time  of  signed  informed 
consent).  

 Patient enrollment.

12.2. TREATMENT PERIOD

Patients  will  first  undergo  a  surgery  for  the  resection  of  the  tumour.  Treatment  will  be 
administered once the patient has been confirmed as being eligible for inclusion in the study. 
Catheters will be placed at the same time of biopsy or during a second procedure in case of 
tumor resection a few days after the original surgery based upon the patient’s condition as 
determined by both a clinical examination and MRI scan.  HrBMP4 will be delivered as a 
continuous infusion for up to 6 days via the intracranial catheters as per Section 10.3.

Patients will be hospitalized from the time of the original surgery (tumour resection), for the 
continuous infusion of hrBMP4 and Gd-DTPA via the intracranial  catheters. Patients will 
visit  the  hospital  as  out-patients  on  4 weeks,  8 weeks  and 12 weeks after  the  end of  the 
infusion for study assessments as detailed in Section 12.2.2 below. If already discharged, 
patients will  also visit  the hospital  as out-patients on 1 and 2 weeks after the end of the 
infusion for study assessments. The primary evaluation is at 12 weeks after the end of the 
infusion.

The volume infused must be recorded on the appropriate eCRF page.

12.2.1. Assessments to be performed during hospitalisation

All procedures to be performed during hospitalization are detailed in APPENDIX E Study 
Flow Chart.  Further details are provided below.

 Tumour resection / surgery.

 Collection  of  tumour  tissue  (paraffin  blocks  or  slides)  for  correlative  laboratory 
analysis during surgery.

 Catheter placement.

 Physical examination including major body systems, Karnofsky performance status, 
body weight, and vital signs to be performed as required during hospitalization.

 Neurological examination to be performed as required during hospitalization.

 Hematology  and  clinical  chemistry  will  be  performed  daily  until  24 hours  post 
infusion,  then  on  Week  4.  Refer  to  Section 15.2 for  a  listing  of  the  laboratory 
variables.

 Urinalysis  and  24-hour  urine  protein  if  urinalysis  shows  3+  proteinuria  will  be 
performed daily until 24 hours post infusion, then on Week 4.

 EORTC QLQ-C30 questionnaire.
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 Intra-operative MRI or CT scan before infusion, immediately after catheter placement 
(i.e.,  intra-operatively  or  immediately  post-operatively)  to  confirm correct  catheter 
placement. 

 Routine MRI scan of brain:
- Post operative MRI after resection (within 48 hours) but before catheter placement 

to be performed for planning catheter placement. Catheter placement should be 
done within 7 days of this scan. 

- Catheter confirmation (MR or CT) scan post-catheter placement but pre-infusion.
- Up to 24 hours post start of infusion to assess distribution of Gd-DTPA + 

hrBMP4. 
- After catheter removal.

 Treatment with GMP hrBMP4 delivered as a continuous infusion via the intracranial 
catheters  for  up  to  6 days  during  hospitalization  and  assessment  of  treatment 
compliance (i.e.,  treatment  compliance or any issues with IMP delivery should be 
documented).

 Monitoring of AEs. 

 Monitoring of changes in concomitant medications and treatments. 

 Collection of PK blood samples for the determination of levels of  GMP hrBMP4 at 
baseline and end of infusion. The analysis will be done in a central laboratory.

12.2.2. Assessments to be performed during out patient visits

All procedures to be performed at Weeks 4, 8 and 12 are detailed in APPENDIX E Study 
Flow Chart.  and further details are provided below (if already discharged, patients will also 
visit the hospital as out-patients on Weeks 1 and 2 for the same assessments to be performed 
at Week 4):

 Physical examination including major body systems, Karnofsky performance status, 
body weight, and vital signs will be performed at Weeks 4, 8 and 12 as required. 

 Neurological examination will be performed at Weeks 4, 8 and 12 as required.

 Hematology and clinical chemistry will be performed at Weeks 4, 8 and 12. Refer to 
Section 15.2 for a listing of the laboratory variables.

 Urinalysis  and  24-hour  urine  protein  if  urinalysis  shows  3+  proteinuria  will  be 
performed at Weeks 4, 8 and 12.

 EORTC QLQ-C30 questionnaire at Weeks 4, 8 and 12.

 Routine MRI scans of brain at Weeks 4 and 12.

 Monitoring of AEs throughout the course of the study.

 Monitoring  of  changes  in  concomitant  medications  and treatments  throughout  the 
course of the study.

 Collection of PK blood samples for the determination of levels of  GMP hrBMP4 at 
Week 4.
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12.3. FOLLOW-UP PERIOD

Patients will be followed-up for 12 months after IMP treatment. During the follow-up visits 
at Weeks 24, 36 and 48, the following procedures should be performed:

 Physical  examination,  including  Karnofsky performance  status,  body weight,  vital 
signs. 

 Haematology and clinical chemistry will be performed. Refer to Section 15.2 for a 
listing of the laboratory variables.

 Urinalysis  and  24-hour  urine  protein  if  urinalysis  shows  3+  proteinuria  will  be 
performed.

 EORTC QLQ-C30 questionnaire.

 Routine MRI scans of brain will be performed 3-monthly at Weeks 24, 36 and 48.

 Monitoring of AEs. 

 Monitoring of changes in concomitant medications and treatments. 

In the event a patient is unable to return to the clinic for the follow-up visit, telephone contact 
with the patient to assess AEs and concomitant medications and treatments is expected.  If 
laboratory  assessments  are  needed to follow-up unresolved AEs,  retrieval  of  assessments 
performed at an institution local to the patient is acceptable. 

The outcome of AEs with a date of onset during the study period should be revaluated, and 
any new AEs should be recorded.  All SAEs, and those non-serious AEs assessed by the 
investigator  as  possibly  related  to  study drug should  continue  to  be  followed  even  after 
patient withdrawal from study.  These AEs should be followed until they resolve or until the 
investigator assesses them to be “chronic” or “stable.”  

12.4. END OF STUDY / WITHDRAWAL

The end of study visit will be at Week 52 after the start of the IMP infusion. At Week 52 and 
if the patient withdraws from the study for any of the reasons described in Section 9.5.1, the 
following assessments should be performed if not performed during the last week on study:

 Physical examination including major body systems, Karnofsky performance status, 
body weight, and vital signs.

 Haematology and clinical chemistry will be performed. Refer to Section 15.2 for a 
listing of the laboratory variables.

 Routine MRI scan of brain.

 EORTC QLQ-C30 questionnaire.

 Monitoring of AEs. 

 Monitoring of changes in concomitant medications and treatments. 

 Assessment of accountability.

In  the  case  of  an  ongoing  AE,  appropriate  safety  evaluations  should  be  repeated  more 
frequently and/or additional tests performed at any time when clinically indicated or at the 
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discretion of the investigator, until resolution or a period of 30 days from the last dose of IMP 
has elapsed, whichever is the shorter.  If the patient refuses for any of the above assessments 
to be performed, or if the patient is lost to follow up, then this should be noted in the eCRF.

12.5. SURVIVAL FOLLOW-UP PERIOD

From 12 months after the start of the study treatment, follow-up survival information will be 
collected by telephone contact every 2 months until death or 3 years from the start of the 
study treatment.
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13. ASSESSMENTS OF EFFICACY

13.1. SPECIFICATION OF EFFICACY PARAMETERS

The following efficacy parameters will be assessed according to the time points specified in 
Section 12 Schedule of Visits and Error: Reference source not found Study Flow Chart:

 Tumour response

 QOL  

13.2. METHODS AND TIMING FOR ASSESSING, RECORDING AND 
ANALYSING EFFICACY PARAMETERS

Tumour response 

For this study, routine MRI scans are considered the best currently available and reproducible 
method to measure tissue response, and disease status. All patients should have MRIs where 
possible and CT scans are only to be performed in the instance of a contraindication. The 
same method of assessment should be used to identify and report each lesion at baseline and 
at reassessment during treatment.

MRI  scans  should  include  the  following  variables:  volumetric  T1,  T2,  volumetric  Fluid 
Attenuated Inversion Recovery (FLAIR) and volumetric T1 with contrast.

Preoperative assessment by clinical presentation and MRI appearance of the tumour burden 
will  be  taken and will  be  used  as  the reference  point  to  determine  the  objective  tumour 
response.

Objective tumour response: Duplicates of all scans are to be made at the time of each scan 
and to be retained for the option of a central reading at the end of the trial (i.e., for a central 
expert to make an independent assessment of overall tumour response at the end of the study 
if indicated). Tumour responses must be confirmed by repeat evaluations which should be 
performed no less than 4 weeks after the criteria of response was first met. 

There are the following evaluable categories of tumour response for this trial:

 Partial response

 Stable disease

 Progressive disease

Tumour response (including the categories outlined above) will be evaluated in accordance to 
the Macdonald criteria as described in Table 13-1.
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Table 13-3: Tumour Response Criteria (Macdonald Criteria)

Response Criteria

Partial response Requires all of the following: ≥ 50% decrease compared 
with baseline in the sum of products of perpendicular 
diameters of all measurable enhancing lesions sustained 
for at least 4 weeks; no new lesions; stable or reduced 
corticosteroid dose; and stable or improved clinically

Stable disease Requires all of the following: does not qualify for 
complete response, partial response, or progression; and 
stable clinically

Progression Defined by any of the following: ≥ 25% increase in sum 
of the products of perpendicular diameters of enhancing 
lesions; any new lesion; or clinical deterioration

Quality of Life (QOL)

The EORTC QLQ-C30 will be used to assess quality of life. An example of the EORTC 
QLQ-C30 to be used is included in APPENDIX D: EORTC QLQ-C30. The questionnaires 
will be available in local languages as per country requirements.
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14. ASSESSMENTS OF PHARMACOKINETICS

14.1. SPECIFICATION OF PHARMACOKINETIC (PK) PARAMETERS

The following PK parameters will be assessed:

 Cmax 

 Ctrough

 AUC∞

 Vd (central and peripheral volumes of distribution, as per population PK model) 

 Clearance 

 t½

14.2. METHODS AND TIMING FOR ASSESSING, RECORDING AND 
ANALYSING PHARMACOKINETIC (PK) PARAMETERS

Collection of PK blood samples according to the time points specified in Section 12 Schedule
of Visits and Error: Reference source not found Study Flow Chart for the determination of 
levels of GMP hrBMP4 in order to measure drug accumulation and/or exposure.

All the samples collected will be shipped to central laboratory Centro Diagnostico Italiano, 
located in Milan (Italy)
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15. ASSESSMENTS OF SAFETY

15.1. SPECIFICATION OF SAFETY PARAMETERS

The following safety parameters will be assessed in according to the time points specified in 
Section 12 Schedule of Visits and Error: Reference source not found Study Flow Chart:

 Physical examinations

 Laboratory analyses

 MRI scans

 Reported AEs

15.2. METHODS AND TIMING FOR ASSESSING, RECORDING AND 
ANALYSING SAFETY PARAMETERS

Physical examinations

Physical examination, including examination of major body systems, Karnofsky performance 
status, body weight, height (screening only), and vital signs (temperature, blood pressure, 
heart rate, respiratory rate) will be performed as required.

Laboratory analyses

Haematology Profile

 A complete blood count (CBC) with differential and platelet count.

Clinical Chemistry Profile

 Glucose, total protein, albumin, uric acid, blood urea nitrogen (BUN), creatinine, 
lactic dehydrogenase (LDH), AST, ALT, alkaline phosphatase, total bilirubin, 
phosphorus, sodium, potassium, bicarbonate, chloride, calcium and magnesium.

Urinalysis

 Routine dipstick measures and 24-hour urine protein if urinalysis shows 
3+ proteinuria.

In the event of unexplained abnormal laboratory test values, the tests will be repeated 
immediately and followed up until they have returned to the normal range and/or adequate 
explanation of the abnormality is found. If a clear explanation is established it will be 
recorded on the CRF.

15.3. ADVERSE EVENT REPORTING

It is of the utmost importance that all staff involved in the study is familiar with the content of 
this section. It is the investigator’s responsibility to ensure compliance with reporting of AEs 
from his/her site. 
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Safety data will be collected once written informed consent has been obtained (i.e., before 
administration of the IMP).

15.3.1. Definition of an Adverse Event

An Adverse Event  (AE) is  defined as:  Any untoward medical  occurrence in a  patient or 
clinical  investigation  subject  administered  a  pharmaceutical  product  and  which  does  not 
necessarily have to have a causal relationship with this treatment. 

An  AE can  therefore  be  any  unfavourable  and  unintended  sign  (including  an  abnormal 
laboratory finding, for example), symptom, or disease temporally associated with the use of a 
medicinal product, whether or not considered related to the medicinal product.

15.3.2. Serious Adverse Events

15.3.2.1. Definition of a Serious Adverse Event

A Serious Adverse Event (SAE) is defined as any untoward medical occurrence that at any 
dose:

 Results in death,

Death is an outcome of an AE, and not an AE in itself. Event which led to death 
should be recorded with fatal outcome. In reports of death due to “Disease 
Progression”, where no other information is provided, the death will be assumed to 
have resulted from progression of the disease being treated with the IMP(s).

 Is life-threatening (i.e. the patient was at risk of death at the time of the event.  It does 
not refer to an event which hypothetically might have caused death if it were more 
severe),

 Requires inpatient hospitalisation or prolongation of existing hospitalisation,

NOTE: In general, hospitalisation signifies that the patient has been detained (usually 
involving at least an overnight stay) at the hospital or emergency ward for observation 
and/or treatment that would not have been appropriate in the physician’s office or 
outpatient setting. Complications that occur during hospitalization are AEs. If a 
complication prolongs hospitalization or fulfils any other serious criteria, the event is 
serious. When in doubt as to whether other events meet the serious criteria, the event 
is to be considered serious. When in doubt as to whether “hospitalisation” occurred or 
was necessary, the AE should be considered serious.

Hospitalization for elective treatment of a pre-existing condition that did not worsen 
from baseline is not considered an AE.

 Results in persistent or significant disability/incapacity,

NOTE: The term “significant disability” means a substantial disruption of a person’s 
ability to conduct normal life functions. This definition is not intended to include 
experiences of relatively minor medical significance such as uncomplicated headache, 
nausea, vomiting, diarrhoea, influenza, and accidental trauma (e.g., sprained ankle) 
which may interfere or prevent everyday life functions, but do not constitute a 
substantial disruption.

Final Version 2.0; 03 March 2017 CONFIDENTIAL



Protocol hrBMP4-001 hrBMP4 in Glioblastoma Multiforme Page 42 of 73

 Is a congenital anomaly/birth defect,

 Is an important medical event(s) that may not be immediately life threatening or result 
in death or hospitalization but that may jeopardize the patient or require intervention 
to prevent one of the above outcomes. E.g. Examples of such events are intensive 
treatment in an emergency room or at home for allergic bronchospasm; blood 
dyscrasias or convulsions that do not result in hospitalisation; or development of drug 
dependency or drug abuse. Medical and scientific judgement should be exercised in 
deciding whether expedited reporting is appropriate in such instances.

15.3.3. Clinical Laboratory Abnormalities and Other Abnormal Assessments as 
AEs and SAEs

Laboratory abnormalities  or other  abnormal assessments  (e.g.,  physical  examination,  vital 
signs,  ECG) that  require  clinical  intervention  or  further  investigation  (beyond ordering a 
repeat [confirmatory] test) unless they are associated with an already reported clinical event 
should be reported as AEs.

15.3.4. Recording and Reporting of Adverse Events

All AEs, as defined above, encountered during the clinical  study as well  as any  Serious 
Adverse Events (SAEs) (see Section 15.3.2) will be reported in the appropriate section of the 
eCRF.  It is important that this includes the duration of the AE (onset/resolution dates), the 
severity,  the  relationship  to  the  drug and any  concomitant  treatment  dispensed (or  other 
action taken), possible actions that could be taken with the study drug (dose increased/dose 
not  changed/dose  reduced/drug  interrupted/drug  withdrawn/not  applicable/unknown)  (see 
Sections 15.3.4.5,  15.3.4.6 and 15.3.4.5 below).  If an AE increases in severity it will be 
recorded as a new record with the same AE identifier.  

AE  data  should  be  obtained  though  observation  of  the  patient,  from  any  information 
volunteered by the patient, or through patient questioning.  The patient may be asked “Do 
you have any health problems?” or “Have you had any health problems since your last clinic 
visit?”

15.3.4.1. Reporting of Signs and Symptoms versus a Diagnosis

Recording a diagnosis (when possible) is preferred to recording a list of associated signs and 
symptoms.  However, if a diagnosis is known but there are associated signs or symptoms not 
generally  attributed  to  the  diagnosis,  the  diagnosis  and  each  sign  or  symptom  must  be 
recorded separately.

15.3.4.2. Disease Progression

Disease progression can be considered as a worsening of a patient’s condition attributable to 
the condition for which the IMP is being studied.  It may be reflected by an increase in the 
severity of the condition or an increase in the symptoms.  

Disease progression must be reported as follows: 
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 The measurable tumour response as per the Macdonald Criteria (refer to Section 13.2) 
is to be documented in the eCRF.  

 Other  measurable  disease  progression  diagnosed by the  Principal  investigator  (PI) 
(e.g., distant bone metastasis or metastasis of the liver): Even though general scans do 
not form part of scheduled protocol assessments, the PI may still perform these scans 
and report as disease progression if deemed relevant. The precise reason for disease 
progression needs to be documented in the eCRF and the PI needs to provide evidence 
for the diagnosis made.

 Clinical disease progression, i.e., clinical symptoms not related to measurable disease 
(e.g., loss of weight, loss of appetite, etc.): The precise reason for disease progression 
needs to be documented in the eCRF.

Disease progression and any events that are unequivocally due to disease progression should 
be recorded in the eCRF and should be reported as an SAE.

15.3.4.3. Death

All  deaths  that  occur  during  the  AE Reporting  period  (refer  to  Section  15.3.6)  must  be 
reported as follows:

 All deaths (whether due to or not due to disease progression) should be documented in 
the eCRF and as an SAE within 24 hours (see Section 15.3.4.7).  The report should 
detail the main and contributory causes of death.  This information should also be 
accompanied by a death certificate or autopsy report (if available).

15.3.4.4. Exposure in utero

.If any trial subject becomes or is found to be pregnant during infusion or within 30 days after 
the end of infusion, the investigator is to submit an Adverse Event Report Form that includes 
the anticipated date of birth or pregnancy termination.  The patient is then to be followed by 
the investigator until completion of the pregnancy.  If the pregnancy ends for any reason 
before the anticipated date provided, the investigator should notify the Orion CRA. 

If the outcome of the pregnancy meets the criteria for immediate classification as a serious 
event (ie, spontaneous abortion, stillbirth, neonatal death, or congenital anomaly [including 
that in an aborted fetus]), the investigator should follow the procedures for reporting serious 
events described in Section 15.3.4.7.

See below for additional information about pregnancy outcomes that are classified as serious 
medical events:

 Note that “spontaneous abortion” includes miscarriage and missed abortion.
 All  neonatal  deaths  that  occur  within  one  month  after  birth  should  be  reported, 

without regard to causality, as serious adverse events.  In addition, any infant death 
occurring  more  than  one  month  after  birth  and  that  the  investigator  assesses  as 
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reasonably  related  to  in  utero,  investigational  medication  exposure should also  be 
reported as a serious event.

 In the case of a live birth, the “normality” of the newborn can be assessed at time of 
birth (i.e.,  there is no required minimum follow-up of a presumably normal infant 
before the Exposure in Utero form can be completed).

 The “normality” of an aborted fetus can be assessed by gross visual inspection unless 
there are pre-abortion laboratory findings suggestive of a congenital anomaly.

15.3.4.5. Definition of relationship of AEs to the Investigational Product

The investigator  must  assess  the  possible  relationship  between the  AE and the IMP and 
record that assessment in the eCRF. The investigator is to make his/her own assessment of 
each SAE to be recorded on the eCRF and on the SAE form.

The investigator should provide a Yes or No assessment as to whether there is a reasonable 
possibility that the event may have been caused by the IMP.

The relationship should be assessed according to the criteria in Table 15-1 below:

Final Version 2.0; 03 March 2017 CONFIDENTIAL



Protocol hrBMP4-001 hrBMP4 in Glioblastoma Multiforme Page 45 of 73

Table 15-4: Relationship of the Adverse Event to the Investigational Product

Definitely Related

AEs that are temporally linked and for which the study product is the 
most likely explanation, which disappear or decrease when not using 
study product and reappear when using study product

Probably Related

AEs that are temporally linked and for which the study product is more 
likely  to  be  the  explanation  than  other  causes,  which  may improve 
when not using study product

Possibly Related

AEs that could equally well be explained by study product or other 
causes, which are usually temporally linked and may improve when 
not using study product but do not reappear when using study product

Unlikely Related

AEs that may be temporally linked, but which are much more likely to 
be due to other causes than study product and which do not get worse 
with continuing use of product

Not Related 

AEs that can be clearly explained by extraneous causes and for which 
there is no plausible association with study product, or AEs for which 
there is no temporal relationship

15.3.4.6. Definition of Severity of Adverse Events

The  severity  of  all  AEs  will  be  graded  according  to  NCI-CTCAE  Version 4.0 
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm).  For  AEs  not 
specifically graded by these criteria, the criteria of Table 15-2 will apply. For each episode, 
the highest severity grade attained should be reported.
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Table 15-5: Definition of Severity of Adverse Events

Mild Grade  1  -  Does  not  interfere  with  patient’s  usual  function 
(awareness  of  symptoms  or  signs,  but  easily  tolerated 
[acceptable]).

Moderate Grade 2 - Interferes to some extent with patient's usual function 
(enough discomfort to interfere with usual activity [disturbing]).

Severe Grade  3  -  Interferes  significantly  with  patient's  usual  function 
(incapacity to work or to do usual activities [unacceptable])

Life Threatening Grade 4 - Results in risk of death, organ damage, or permanent 
disability (unacceptable)

Death Grade 5 – Event has a fatal outcome

Note  the  distinction  between  serious  and severe  AEs.   Severe is  a  measure  of  intensity 
whereas an event must meet one of the criteria for serious events listed in Section 15.3.2 to be 
considered  serious;  thus,  a  severe reaction  is  not  necessarily  a  serious reaction.   For 
example, a headache may be severe in intensity, but would not be classified as serious unless 
it met one of the criteria for serious events listed in Section 15.3.2. An AE that is assessed as 
Grade 3 (severe) or Grade 4 (potentially life-threatening) should not be confused with a SAE. 

15.3.4.7. SAE reporting procedure for Investigators to ORION

The  investigator  must  report  all  initial  and follow-up reports  regarding  SAEs (including 
pregnancy  and  events  described  in  Section  15.3.4),  regardless  of  presumed  causal 
relationship, to ORION Clinical Services’ Pharmacovigilance Department, by fax or phone. 
The completed SAE report form is transmitted via email or fax to ORION Clinical Services’ 
Pharmacovigilance Department within 24 hours of awareness of an SAE.

Study Contact for Reporting Serious Adverse Events.

ORION Clinical Services Ltd

Pharmacovigilance@orioncro.com

SAE Fax: +44 (0)1753 695 101

Back-up SAE fax: +44 (0)1753 695 124

If, for any reason, it is not possible to complete all sections of the SAE form within 24 hours, 
transmission of the form must not be delayed and the outstanding information should be sent 
on a follow-up SAE form. 

If the SAE is reported by telephone, all points on the SAE form should be covered in the 
initial  telephone report  and followed by a completed  and signed SAE form to verify the 
verbal information given previously. In addition, the event must be documented in the eCRF.
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The SAE form must  be  completed  as  fully  as  possible  with  information  relevant  to  the 
SAE(s)  being  reported.   All  fields  should  be  populated  or  marked  accordingly  if  no 
information is available. 

For all SAEs where important or relevant information is missing, active follow-up should be 
undertaken.  Investigators  or  other  site  personnel  should  inform  the  ORION’s 
Pharmacovigilance Department of any follow-up information on a previously reported SAE 
immediately but no later than 24 hours after they become aware of the SAE. The follow-up 
information must be presented on an SAE form marked as follow-up.  It is necessary only to 
provide the new information, with the SAE form signed by an investigator.

Investigators  or  other  site  personnel  should  send  relevant  eCRF  modules  by  fax  to  the 
ORION’s  Pharmacovigilance  Department  and  any other  relevant  or  requested  supporting 
documentation (e.g., ECG, laboratory results, autopsy report) as above. 

The  investigator  will  ensure  that  all  the  necessary  information  is  provided  within  the 
timelines  stipulated  by  ORION  Pharmacovigilance  Department  when  the  request  for 
information is made.

Follow-up reports (as many as required) should be completed and faxed following the same 
procedure above.

15.3.5. Reporting Serious Adverse Events to IRB/EC

The Sponsor is responsible for  informing local Ethics Committees (ECs)  of the applicable 
safety reports in compliance with local regulations. Copies of all correspondence relating to 
reporting of any safety reports to the EC should be maintained in the Investigator’s Files and 
provided to ORION Clinical Services.

The reference document for definition of expectedness is the IB.

The Sponsor, or its designee, ORION Clinical Services, will inform investigators, central ECs 
and regulatory authorities of applicable safety reports, as required.  

15.3.6. Adverse Event Reporting Period

ALL AEs which occur during study conduct, i.e. from the date of written informed consent to 
the final study visit, will be recorded in the eCRF.

All AEs experienced by a patient, irrespective of the suspected causality, will be monitored 
until  the event has resolved, any abnormal laboratory values have returned to baseline or 
stabilised  at  a  level  acceptable  to  the  investigator  and Medical  Monitor,  until  there  is  a 
satisfactory explanation for the changes observed, or until the patient is lost to follow-up. In 
addition, any known untoward event that occurs subsequent to the AE reporting period that 
the investigator becomes aware of should also be reported as an AE. SAEs occurring to a 
patient after the treatment of that patient has ended should be reported to the sponsor if the 
investigator becomes aware of them.
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16. EVALUATION OF RESULTS

16.1. SAMPLE SIZE AND STUDY POWER

No formal  statistical  calculation  of  sample  size  will  be  used  as  the  study  will  follow a 
standard ‘3+3’ dose escalation design for 5 doses. A sample size of 3 evaluable patients per 
cohort  is  deemed  to  be  a  clinically  reasonable  number  of  patients for  this  study. 
Approximately 18 evaluable patients are planned to be included for final analysis.

16.2. STATISTICAL METHODS

Statistical analyses will be performed by ORION Clinical Services. Statistical analyses will 
be carried out using SAS®, Version 9.2 or later, SAS Institute, Cary, North Carolina, USA. 

The statistical  methods for this  study, summarised below, will  be described in a detailed 
statistical analysis plan (SAP) which will be finalised prior to database lock. Any deviations 
from the planned analysis as described in the SAP will be justified and recorded in the final 
study report.

16.2.1. General Considerations

Continuous variables will be summarized by descriptive statistics (number of patients [N], 
mean,  standard  deviation  [SD],  minimum,  median  and  maximum).  Geometric  mean  and 
coefficient  of  variation  (CV)  will  be  presented  for  PK  parameters  when  appropriate. 
Categorical data will be summarized by absolute and relative frequencies (n and %).

Unless  indicated  otherwise,  summary  statistics  will  be  reported  for  observed  data  only. 
Missing data will not be imputed. If a baseline value is missing, no change from baseline will  
be calculated. Baseline is defined as the last assessment before the start of IMP infusion.

16.2.2. Populations for Analysis

The following analysis sets will be analysed:

Full Analysis Set (FAS)

The Full Analysis Set (FAS) is defined as all patients who are enrolled in the study and who 
start infusion with hBMP4.

Per-Protocol (PP) Set

The PP Set will include all patients who complete the 5-day treatment with  hBMP4,  and 
undergo at least one follow-up assessment of tumour response, and have no major protocol 
deviations.

16.3. BASELINE CHARACTERISTICS

Demographic and baseline characteristics will be summarised by cohort using the FAS.
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16.4. EVALUATION OF EFFICACY

16.4.1. Evaluation of efficacy endpoints

Tumour response will be summarized by cohort using the FAS and repeated using the PP Set. 

By  way  of  further  confirmatory  measures  of  efficacy,  the  following  endpoint  will  be 
analysed:

 Overall survival

Evaluation of other efficacy endpoints:

 QOL measures

16.5. EVALUATION OF PHARMACOKINETICS (PK)

PK data for the systemic exposure of GMP hrBMP4 of each patient  will  be plotted  and 
summarized. PK concentrations and PK parameters will be summarized by cohort. Individual 
patient plots of concentration data will be presented. Mean plots will be presented per dose 
cohort.

16.6. EVALUATION OF SAFETY
The safety parameters listed in Section 15.1 will be summarised by cohort using the FAS. 
Detailed analysis of the following parameters will be conducted:

 Exposure to treatment (e.g. cumulative dose, treatment duration, etc.)
 AEs

o Drug-related  AEs, SAEs, DLTs, AE’s leading to dose delays  or reduction, 
AEs leading to treatment termination, laboratory AEs. 

 Clinical laboratory data in general
 Treatment-related deaths

16.7. INTERIM ANALYSIS

No formal interim analysis is planned.
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17. OBLIGATIONS OF THE PRINCIPAL INVESTIGATOR

The study will be performed in accordance with the protocol, the Declaration of Helsinki (see 
APPENDIX A: World Medical Association Declaration of Helsinky (2013 version)), ICH 
Harmonised Tripartite Guideline for Good Clinical Practice (ICH GCP - see APPENDIX B:
ICH-GCP – Investigator’s responsibilities) and any local regulations.

17.1. INDEPENDENT ETHICS COMMITTEE (IEC)

It is the responsibility of the investigator to obtain approval of the trial protocol/amendments 
from the  Independent  Ethics  Committee  (IEC).   Prior  to  the  initiation  of  the  study,  the 
investigator will submit:

 the study protocol and any amendments,

 the PICDs and any other written documents to be provided to the patient,

 the Investigator Brochure,

 details of any compensation to patients,

 the current Curriculum Vitae of the PI,

 patient recruitment procedures e.g. adverts,

 any other requested document(s),

to an IEC for approval.  A copy of the approval will be sent to ORION Clinical Services 
along with all other correspondence with the IEC, including the submission documents.  The 
investigator should file all correspondence with the IEC in the Investigator Site File.

The study will not be started until approval of the protocol and the PICD has been obtained 
from the appropriate IEC.  The letter of approval should be dated, and should specify the 
protocol number and date of the protocol or amendment which was reviewed and approved. 
It should also specify the date of the PICD that was reviewed and approved.

A dated list  of the voting members of the IEC who were present when the protocol was 
reviewed and approved, including their titles/occupations and institutional affiliations should 
be provided where possible by the investigator to ORION Clinical Services prior to study 
initiation.  The investigator will make all attempts to ensure that the IEC is constituted and 
operates in accordance with the ICH GCP3 and any local regulations.

The investigator will submit any protocol amendments to the IEC (and other local authorities, 
according to local regulations) prior to implementation.

The investigator will submit required progress reports to the IEC that approved the protocol 
at least annually, as well as report any SAEs, life-threatening problems or deaths, to comply 
with ICH GCP3.  The investigator will also inform the IEC of reports of SAEs (provided to 
him/her by the sponsor) that occurred in other clinical studies conducted with the IMP.  The 
investigator must inform the IEC of the termination of the study.
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17.2. REGULATORY BODY APPROVAL

The study will  not be started until  receipt by ORION Clinical  Services of approval from 
relevant regulatory body.  ORION Clinical Services will provide the investigator with a copy 
of the relevant document on behalf of the Sponsor.

17.3. INFORMED CONSENT AND SCREENING DATA

PICDs will normally be based on a master document provided by ORION Clinical Services 
(or the study Sponsor) and must be approved by ORION Clinical  Services and the study 
Sponsor  prior  to  submission  to  the  IEC.   The  content  of  the  PICD  should  reflect  that 
described  in  Section  4.8.10  of  the  ICH  Guidelines  (see  APPENDIX  B:  ICH-GCP  –
Investigator’s responsibilities) and any local requirements e.g. IEC.  Any changes requested 
by the IEC must be approved by ORION Clinical Services prior to the documents being used. 
A copy  of  the  final,  IEC-approved  consent  form must  be  submitted  to  ORION Clinical 
Services prior to initiation of this study.  The investigator should file the signed PICDs for 
possible review by ORION Clinical Services CRAs.

Written informed consent will be obtained from each  patient prior to inclusion in the trial, 
prior to the original surgical intervention/ tumour resection, and prior to any study-related 
assessments are performed, as described in Sections 9.1.

17.4. CASE REPORT FORMS AND SOURCE DOCUMENT VERIFICATION

eCRFs of a design mutually agreed upon by the Sponsor and ORION Clinical Services will 
be supplied by ORION Clinical Services. eCRFs are the sole property of ORION Clinical 
Services (for the Sponsor) and should not be made available in any form to third parties, 
except for authorised representatives of appropriate Health/Regulatory Authorities, without 
written permission from ORION Clinical Services.

An eCRF is required and should be completed for each included (consented) patient.  The 
investigator will be responsible for the accuracy of the data entered into the eCRF. All data 
must be entered  in  ENGLISH. The investigator must sign all eForms electronically by re-
entering his username and password, once that eForm is considered clean. If a change is 
made on any of the eForms after the investigator has signed that eForm, the investigator must 
re-sign the relevant eForm to document that he agrees with the change.

The relevant completed eForms must be available for review to designated ORION Clinical 
Services representatives at each scheduled monitoring visit.

The  investigator  will  allow  designated  ORION  Clinical  Services  representatives  and 
regulatory bodies to have direct access to the source documents to verify the data reported in 
the eCRFs.

Source  documents  are  the  originals  of  any  documents  used  by  the  investigator  or 
hospital/institution that allow verification of the existence of the patient and substantiate the 
integrity of the data collected during the trial.
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17.5. CONFIDENTIALITY

The investigator must ensure that the patients’ anonymity will be maintained.  On the eCRFs 
or other documents submitted to ORION Clinical Services, patients should NOT be identified 
by their names, but by the assigned patient number and their initials.

If patient names are included on copies of documents submitted to ORION Clinical Services, 
the names (except for initials) will be obliterated and the assigned patient number added to 
the document.

The investigator should keep a separate log (Patient Master List) of patient's codes, names, 
addresses,  telephone  numbers  and  hospital  numbers  (if  applicable).   Documents  not  for 
submission to ORION Clinical Services (e.g. signed PICDs) should be maintained by the 
investigator in strict confidence.

17.6. STAFF INFORMATION AND RESPONSIBILITIES

It is the responsibility of the investigator to ensure that all personnel involved in the study are 
fully  informed of  all  relevant  aspects  of  the  study,  including  detailed  knowledge of  and 
training in all procedures to be followed.

The investigator will provide a list of delegated responsibility to ORION Clinical Services, 
detailing the various study tasks to be performed by each member of his/her study staff.  Each 
staff member should sign in agreement to their performing each of the tasks delegated to 
them on the list.   ORION Clinical  Services  should ensure that  the staff  has the  required 
knowledge and training for the tasks delegated to them.

17.7. DOCUMENTATION REQUIRED PRIOR TO INITIATION

In addition to the documents mentioned above in Sections 17.1 and 17.2, the following will 
be required from the investigator prior to the initiation visit:

 Current,  signed  and  dated  Curriculum  Vitae of  PI  and  any 
Sub-Investigators/co-workers,

 Reference ranges of all laboratory tests to be performed at the study site and a recent 
certification or accreditation of established quality control (or other documentation of 
established quality control or external quality assessment or other validation),

 A signed original of the final protocol and any amendments,

 Indemnity / certificate of Insurance, as applicable per country regulations,

 A signed original of the study Financial Agreement/Clinical Study Agreement with 
ORION Clinical Services, including Pharmacy, radiology etc (i.e. all study specific 
costs) – this may be different for different centres, so it may be advisable to leave this 
as either ORION,

 ORION Financial disclosure form from the PIs of the sites involved,

 Study Authorisation Certificate from hospital’s Head of Department or local hospital 
approval, as applicable per country,
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 List of delegated responsibility (Investigator Site Staff Signature and Task Delegation 
Log),

 QP release certificate for IMP to each site.

ORION Clinical  Services  undertakes  to  obtain  (on  behalf  of  the  Sponsor)  the  necessary 
approval from the applicable regulatory authority prior to initiation of the study.

17.8. DOCUMENTATION REQUIRED DURING THE STUDY

The following will be required from the investigator during the study:

 Current,  signed  and  dated  Curriculum  Vitae of  PI  and  any 
Co-Investigators/co-workers who are delegated protocol related responsibilities after 
study initiation,

 Updates of reference ranges (including the dates from which they become effective) 
of all laboratory tests to be performed at the study site and updates in certification or 
accreditation  of  established  quality  control  (or  other  documentation  of  established 
quality control or external quality assessment or other validation),

 A signed original of any protocol amendments,

 Copies of any approvals from or correspondence with the IEC,

 Renewals of certificates of Insurance, as applicable per country regulations,

 Updated list of delegated responsibility (Investigator Site Staff Signature and Task 
Delegation Log).

17.9. ESSENTIAL DOCUMENT RETENTION

The investigator will retain copies of all the essential documents (as defined by ICH GCP3) 
until at least 2 years after the last approval of a marketing application in an ICH region, and 
until there are no pending or contemplated marketing applications in an ICH region, or at 
least 2 years have elapsed since the formal discontinuation of clinical development of the 
IMP.  These documents should be retained for a longer period, however, if required by the 
applicable regulatory requirements (e.g. EEC Directive 91/507 requires retention of patient 
codes for at least 15 years after the completion or discontinuation of a trial and retention of 
hospital  records and other source data for the maximum time permitted by the institution 
where the study takes place).  The investigator should take measures to prevent accidental or 
premature destruction of these documents.

The essential documents include: the signed protocol, copies of the completed eCRFs, signed 
PICDs  from  all  patients who  consented,  hospital  records,  diary  cards  and  other  source 
documents, IEC approval and all related correspondence, including approved documents, and 
all other documentation included in the Investigator Site File and Dispensing File.

The investigator  will  inform ORION Clinical  Services  and/or  the Sponsor  of  the storage 
location of these essential documents and must contact ORION Clinical Services and/or the 
Sponsor before disposing of any.  If the investigator wishes to assign the files to someone 
else  (e.g.  if  he/she  retires)  or  to  remove  them to  another  location,  the  ORION Clinical 
Services and/or the Sponsor Project Manager should be consulted about this change.
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The Sponsor will inform the investigator in writing when these documents no longer need to 
be retained.
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18. STUDY MANAGEMENT

18.1. MONITORING

Prior to study commencement, the investigator will be informed of the anticipated frequency 
of the monitoring visits.  He/she will also receive a notification prior to each monitoring visit 
during  the  course  of  the  study.   It  is  expected  that  the  investigator  and/or  his/her 
sub-Investigator(s)  and other appropriate  staff  will  be available on the day of the visit  to 
discuss  study conduct.   ORION Clinical  Services  is  responsible  for  ensuring  the  proper 
conduct of the clinical trial with regards protocol adherence and validity of the data recorded 
in the eCRFs.

18.2. QUALITY ASSURANCE AND QUALITY CONTROL

An independent audit of the study may be conducted during the study or after completion. 
The  audit  may  be  conducted  by  either  ORION Clinical  Services’  or  the  Sponsor’s  QA 
department or an independent auditor or a regulatory authority.

18.2.1. Quality Control

Quality Control is defined as the operational techniques and activities undertaken within the 
quality  assurance  system  to  verify  that  the  requirements  for  quality  of  the  trial-related 
activities have been fulfilled.

Quality Control should be applied to each stage of data handling to ensure that all data are 
reliable and have been processed correctly.

18.2.2. Quality Assurance

Quality Assurance is defined as the planned and systematic actions that are established to 
ensure that  the trial  is  performed and the data  are  generated,  documented (recorded)  and 
reported  in  compliance  with  Good  Clinical  Practice  and  the  applicable  regulatory 
requirements.

18.2.3. Audit

The investigator will permit an audit mandated by the sponsor after reasonable notice.  The 
purpose  of  an audit  is  to  confirm that  the  study is  conducted  as  per  protocol,  GCP and 
applicable regulatory requirements, that the rights and well being of patients enrolled have 
been protected and that all data relevant for the evaluation of the IMP captured, processed 
and reported in compliance with the planned arrangements.   The investigator  will  permit 
direct access to all study documents, IMP accountability records, medical records and source 
data.  The investigator and his/her study team will also be available for discussion regarding 
study progress and procedures during the audit (both during the audit and at the end of the 
audit for an “exit” discussion).
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18.3. DATA QUERY PROCESS

Data management of the eCRF will be performed by ORION Clinical Services on behalf of 
the Sponsor.

Sites will enter the data from source documents into the eCRF and the data will be verified 
for  missing  data,  inconsistencies,  and  for  any  necessary  medical  clarifications.  Queries 
arising  from  these  checks  will  be  flagged  to  the  investigator,  within  the  eCRF.  The 
investigator will correct data, confirm or clarify the data as appropriate. All possible attempts 
should be made by the investigator to resolve the queries within the requested timeframes. If 
the investigator is unsure about the meaning of a query, or what data is required, then he/she 
should seek clarification from the ORION Clinical Services CRA assigned to his/her centre.

Once all data queries have been resolved, the study will be declared to be “clean”, and the 
eCRF will be locked ready for statistical analysis. After clean-file status has been achieved, 
ORION Clinical Services will provide copies of each patient’s eCRF to the investigator for 
archiving. Copies of each patient’s eCRF will also be archived by the Sponsor and/or ORION 
Clinical Services.

The data management, data handling, and analysis will be conducted in accordance with good 
clinical, scientific and data management principles and in compliance with ORION Clinical 
Services’s Standard Operating Procedures.

18.4. PROTOCOL DEVIATIONS/AMENDMENTS

Any deviation from the protocol that has not been approved by Sponsor and the IEC could 
result in a discontinuation from the study at the centre involved.  Any amendment(s) to the 
protocol must be approved by both Sponsor and the IEC which granted the original approval 
of the study prior to their implementation (unless only logistical or administrative aspects of 
the trial are involved).

However,  in the event of any medical emergency,  the investigator  is free to institute any 
medical procedure he/she deems appropriate.  Such events and procedures must be promptly 
reported to Sponsor and/or ORION Clinical Services representatives.

18.5. DISCONTINUATION OF THE STUDY

The Sponsor reserves the right to stop the study at any time on the basis of new information 
regarding safety or efficacy, unsatisfactory study progress, or for other valid administrative 
reasons.  After  such  a  decision  is  made,  the  Investigator  must  inform all  patients  being 
screened, treated or followed-up as soon as possible. All delivered study materials will be 
collected and all eCRFs completed to the extent possible. Refer also to Section 9.5.1.2.

18.6. PUBLICATIONS

Any manuscript, abstract or other publication or presentation of results or information arising 
in  connection  with  the  study  (including  ancillary  study  involving  trial  patients)  must  be 
prepared in conjunction with the study Sponsor and must be submitted to the Sponsor for 
review and comment at least 45 days prior to submission for publication or presentation.
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19. STUDY TIMETABLE

 Projected starting date (first-patient-in [FPI]): April 2017

 Projected number of patients:  approximately 18 patients  estimated with a maximal 
number of 30 patients (approximately 18 patients estimated). 

 Projected completion of patient accrual (last-patient-in [LPI]): March 2018

 Patient study end date (last-patient-last-visit [LPLV]): April 2019
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21. APPENDICES

APPENDIX A: WORLD MEDICAL ASSOCIATION DECLARATION 
OF HELSINKI (2013 VERSION)

Ethical Principles for Medical Research Involving Human Subjects

Adopted by the 18th WMA General Assembly, Helsinki, Finland, June 1964, and amended by the:

29th WMA General Assembly, Tokyo, Japan, October 1975

35thWMA General Assembly, Venice, Italy, October 1983

41stWMA General Assembly, Hong Kong, September 1989

48th WMA General Assembly, SomersetWest, Republic of South Africa, October 1996

52nd WMA General Assembly, Edinburgh, Scotland, October 2000

53rdWMA General Assembly,Washington, DC, USA, October 2002 (Note of Clarification added)

55th WMA General Assembly, Tokyo, Japan, October 2004 (Note of Clarification added)

59thWMA General Assembly, Seoul, Republic of Korea, October 2008

64th WMA General Assembly, Fortaleza, Brazil, October 2013

Preamble
1. The World Medical  Association (WMA) has developed the Declaration of Helsinki as a statement of ethical principles for  

medical research involving human subjects,  including research on identifiable human material and data.  The Declaration is 
intended to be read as a whole and each of its constituent paragraphs should be applied with consideration of all other relevant  
paragraphs.

2. Consistent with the mandate of the WMA, the Declaration is addressed primarily to physicians. The WMA encourages others  
who are involved in medical research involving human subjects to adopt these principles.

General Principles
3. The Declaration  of  Geneva of  the  WMA binds the  physician with the  words,  “The health  of  my patient  will  be  my first  

consideration,” and the International Code of Medical Ethics declares that, “A physician shall act in the patient's best interest 
when providing medical care.”

4. It is the duty of the physician to promote and safeguard the health, well-being and rights of patients, including those who are 
involved in medical research. The physician's knowledge and conscience are dedicated to the fulfilment of this duty.

5. Medical progress is based on research that ultimately must include studies involving human subjects.
6. The primary purpose of medical research involving human subjects is to understand the causes, development and effects of  

diseases and improve preventive, diagnostic and therapeutic interventions (methods, procedures and treatments). Even the best 
proven interventions must be evaluated continually through research for their safety, effectiveness, efficiency, accessibility and 
quality.

7. Medical research is subject to ethical standards that promote and ensure respect for all human subjects and protect their health  
and rights.

8. While the primary purpose of medical research is to generate new knowledge, this goal can never take precedence over the rights  
and interests of individual research subjects.

9. It  is the duty of physicians who are involved in medical  research to protect the life,  health,  dignity,  integrity,  right to  self  
determination, privacy, and confidentiality of personal information of research subjects. The responsibility for the protection of  
research subjects must always rest with the physician or other health care professionals and never with the research subjects,  
even though they have given consent.

10. Physicians must consider the ethical, legal and regulatory norms and standards for research involving human subjects in their 
own countries as well as applicable international norms and standards. 
No national or international ethical, legal or regulatory requirement should reduce or eliminate any of the protections for research 
subjects set forth in this Declaration.

11. Medical research should be conducted in a manner that minimises possible harm to the environment.
12. Medical research involving human subjects must be conducted only by individuals with the appropriate ethics and scientific 

education, training and qualifications. Research on patients or healthy volunteers requires the supervision of a competent and  
appropriately qualified physician or other health care professional.

13. Groups that are underrepresented in medical research should be provided appropriate access to participation in research.
14. Physicians who combine medical research with medical care should involve their patients in research only to the extent that this 

is justified by its  potential preventive, diagnostic or therapeutic value and if  the physician has good reason to believe that  
participation in the research study will not adversely affect the health of the patients who serve as research subjects.

15. Appropriate compensation and treatment for subjects who are harmed as a result of participating in research must be ensured.
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Risks, Burdens and Benefits
16. In medical practice and in medical research, most interventions involve risks and burdens.

APPENDIX A: WORLD MEDICAL  ASSOCIATION  DECLARATION  
OF HELSINKI (2013 VERSION) CONTINUED

Medical research involving human subjects may only be conducted if the importance of the objective outweighs the risks and 
burdens to the research subjects.

17. All medical research involving human subjects must be preceded by careful assessment of predictable risks and burdens to the 
individuals and groups involved in the research in comparison with foreseeable benefits to them and to other individuals or 
groups affected by the condition under investigation.
Measures to minimise the risks must be implemented. The risks must be continuously monitored, assessed and documented by 

the researcher.
18. Physicians may not be involved in a research study involving human subjects unless they are confident that the risks have been  

adequately assessed and can be satisfactorily managed.
When the risks are found to outweigh the potential benefits or when there is conclusive proof of definitive outcomes, physicians 
must assess whether to continue, modify or immediately stop the study.

Vulnerable Groups and Individuals
19. Some groups and individuals are particularly vulnerable and may have an increased likelihood of being wronged or of incurring  

additional harm.
All vulnerable groups and individuals should receive specifically considered protection.

20. Medical research with a vulnerable group is only justified if the research is responsive to the health needs or priorities of this  
group and the research cannot be carried out in a non vulnerable group. In addition, this group should stand to benefit from the 
knowledge, practices or interventions that result from the research.

Scientific Requirements and Research Protocols
21. Medical research involving human subjects must conform to generally accepted scientific principles, be based on a thorough 

knowledge of the scientific literature, other relevant sources of information, and adequate laboratory and, as appropriate, animal 
experimentation. The welfare of animals used for research must be respected.

22. The design and performance of  each research study involving human subjects  must  be  clearly described and justified in  a  
research protocol. The protocol should contain a statement of the ethical considerations involved and should indicate how the  
principles  in  this  Declaration  have  been  addressed.  The  protocol  should  include  information  regarding  funding,  sponsors,  
institutional affiliations, potential conflicts of interest, incentives for subjects and information regarding provisions for treating 
and/or compensating subjects who are harmed as a consequence of participation in the research study.
In clinical trials, the protocol must also describe appropriate arrangements for post-trial provisions.

Research Ethics Committees
23. There search protocol must be submitted for consideration, comment, guidance and approval to the concerned research ethics  

committee before the study begins. This committee must be transparent in its functioning, must be independent of the researcher,  
the sponsor and any other undue influence and must be duly qualified. It must take into consideration the laws and regulations of  
the country or countries in which the research is to be performed as well as applicable international norms and standards but 
these must not be allowed to reduce or eliminate any of the protections for research subjects set forth in this Declaration.
The committee must have the right to monitor ongoing studies.
The researcher must provide monitoring information to the committee, especially information about any serious adverse events. 
No amendment to the protocol may be made without consideration and approval by the committee. After the end of the study, the 
researchers must submit a final report to the committee containing a summary of the study’s findings and conclusions.

Privacy and Confidentiality
24. Every precaution must be taken to protect the privacy of research subjects and the confidentiality of their personal information.

Informed Consent
25. Participation by individuals capable of giving informed consent as subjects in medical research must be voluntary. Although it 

may be appropriate to consult family members or community leaders, no individual capable of giving informed consent may be  
enrolled in a research study unless he or she freely agrees.

26. In medical research involving human subjects capable of giving informed consent, each potential subject must be adequately 
informed of the aims, methods, sources of funding, any possible conflicts of interest, institutional affiliations of the researcher,  
the anticipated benefits and potential risks of the study and the discomfort it may entail, post-study provisions and any other  
relevant aspects of the study. The potential subject must be informed of the right to refuse to participate in the study or to 
withdraw consent to participate at any time without reprisal.
Special attention should be given to the specific information needs of individual potential subjects as well as to the methods used 
to deliver the information.
After  ensuring  that  the  potential  subject  has  understood  the  information,  the  physician  or  another  appropriately  qualified  

individual must then seek the potential subject’s freely-given informed consent, preferably in writing. If the consent cannot be expressed in 
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writing, the non-written consent must be formally documented and witnessed.
All medical research subjects should be given the option of being informed about the general outcome and results of the study.

27. When seeking informed consent for participation in a research study the physician must be particularly cautious if the potential 

APPENDIX A: WORLD MEDICAL  ASSOCIATION  DECLARATION  
OF HELSINKI (2013 VERSION) CONTINUED

subject is in a dependent relationship with the physician or may consent under duress. In such situations the informed consent  
must be sought by an appropriately qualified individual who is completely independent of this relationship.

28. For a potential research subject who is incapable of giving informed consent, the physician must seek informed consent from the  
legally authorised representative. These individuals must not be included in a research study that has no likelihood of benefit for  
them unless it is intended to promote the health of the group represented by the potential subject, the research cannot instead be 
performed with persons capable of providing informed consent, and the research entails only minimal risk and minimal burden.

29. When a potential research subject who is deemed incapable of giving informed consent is able to give assent to decisions about  
participation in research, the physician must seek that assent in addition to the consent of the legally authorised representative.
The potential subject’s dissent should be respected.

30. Research involving subjects who are physically or mentally incapable of giving consent, for example, unconscious patients, may 
be done only if  the physical or mental condition that  prevents giving informed consent is  a  necessary characteristic  of the 

research group. In such circumstances the physician must seek informed consent from the legally authorised representative. If no such 
representative is available and if the research cannot be delayed, the study may proceed without informed consent provided that 
the specific reasons for involving subjects with a condition that renders them unable to give informed consent have been stated in 
the research protocol and the study has been approved by a research ethics committee. Consent to remain in the research must be 
obtained as soon as possible from the subject or a legally authorised representative.

31. The physician must fully inform the patient which aspects of their care are related to the research. The refusal of a patient to  
participate in a study or the patient’s decision to withdraw from the study must never adversely affect the patient-physician 
relationship.

32. For medical research using identifiable human material or data, such as research on material or data contained in biobanks or  
similar repositories, physicians must seek informed consent for its collection, storage and/or reuse. There may be exceptional 
situations where consent would be impossible or impracticable to obtain for such research. In such situations the research may be  
done only after consideration and approval of a research ethics committee.

Use of Placebo
33. The  benefits,  risks,  burdens  and  effectiveness  of  a  new  intervention  must  be  tested  against  those  of  the  best  proven 

intervention(s), except in the following circumstances:
Where  no proven intervention exists,  the  use  of  placebo,  or  no intervention,  is  acceptable;  or  Where  for  compelling  and  
scientifically  sound methodological  reasons the use of  any intervention less effective  than the best  proven one, the  use  of  

placebo, or  no  intervention  is  necessary  to  determine  the  efficacy  or  safety  of  an  intervention  and  the  patients  who receive  any  
intervention less effective than the best proven one, placebo, or no intervention will not be subject to additional risks of serious 
or irreversible harm as a result of not receiving the best proven intervention.
Extreme care must be taken to avoid abuse of this option.

Post-Trial Provisions
34. In advance of a clinical trial, sponsors, researchers and host country governments should make provisions for post-trial access for 

all participants who still  need an intervention identified as beneficial in the trial. This information must also be disclosed to 
participants during the informed consent process.

Research Registration and Publication and Dissemination of Results
35. Every research study involving human subjects must be registered in a publicly accessible database before recruitment of the first  

subject.
36. Researchers,  authors,  sponsors,  editors  and  publishers  all  have  ethical  obligations  with  regard  to  the  publication  and 

dissemination of the results of research. Researcher shave a duty to make publicly available the results of their research on  
human subjects and are accountable for the completeness and accuracy of their reports. All parties should adhere to accepted  
guidelines for ethical reporting. Negative and inconclusive as well as positive results must be published or otherwise made  
publicly available. Sources of funding, institutional  affiliations and conflicts of interest must be declared in the publication. 
Reports of research not in accordance with the principles of this Declaration should not be accepted for publication.

Unproven Interventions in Clinical Practice
37. In the treatment  of an individual  patient,  where proven interventions do not exist  or other known interventions have been  

ineffective,  the  physician,  after  seeking  expert  advice,  with  informed  consent  from  the  patient  or  a  legally  authorised  
representative, may use an unproven intervention if in the physician's judgement it offers hope of saving life, re-establishing  
health or alleviating suffering. This intervention should subsequently be made the object of research, designed to evaluate its  
safety and efficacy. In all cases, new information must be recorded and, where appropriate, made publicly available.
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APPENDIX B: ICH-GCP – INVESTIGATOR’S RESPONSIBILITIES

ICH  Harmonised  Tripartite  Guideline  for  Good  Clinical  Practice  (June  1996),  as 
recommended for adoption to the three regulatory parties to ICH.  Transmitted to the CPMP 
in July 1996 and approved on 17th July 1996 (CPMP/ICH/135/95).  The proposed date for 
coming into operation is (for studies commencing after) 17th January 1997.  Approved by 
FDA on 9th May 1997 and effective 9th May 1997 (62 FR 25692).

4. INVESTIGATOR

4.1 Investigator's Qualifications and Agreements

4.1.1 The investigator(s) should be qualified by education,  training, and experience to assume responsibility for the  
proper conduct of the trial, should meet all the qualifications specified by the applicable regulatory requirement(s),  
and  should provide  evidence  of  such  qualifications  through up-to-date  curriculum vitae  and/or  other  relevant 
documentation requested by the sponsor, the IRB/IEC, and/or the regulatory authority(ies).

4.1.2 The  investigator  should  be  thoroughly  familiar  with  the  appropriate  use  of  the  investigational  product(s),  as  
described  in  the  protocol,  in  the  current  Investigator's  Brochure,  in  the  product  information  and  in  other 
information sources provided by the sponsor.

4.1.3 The investigator should be aware of, and should comply with, GCP and the applicable regulatory requirements.

4.1.4 The  investigator/institution  should  permit  monitoring  and  auditing  by  the  sponsor,  and  inspection  by  the 
appropriate regulatory authority(ies).

4.1.5 The investigator should maintain a list of appropriately qualified persons to whom the investigator has delegated  
significant trial-related duties.

4.2 Adequate Resources

4.2.1 The investigator should be able to demonstrate (e.g. based on retrospective data) a potential for recruiting the  
required number of suitable subjects within the agreed recruitment period.

4.2.2 The investigator should have sufficient time to properly conduct and complete the trial within the agreed trial  
period.

4.2.3 The  investigator  should  have  available  an  adequate  number  of  qualified  staff  and  adequate  facilities  for  the  
foreseen duration of the trial to conduct the trial properly and safely.

4.2.4 The investigator should ensure that all persons assisting with the trial are adequately informed about the protocol, 
the investigational product(s), and their trial-related duties and functions.

4.3 Medical Care of Trial Subjects

4.3.1 A qualified physician (or dentist,  when appropriate), who is an investigator or a sub-investigator for the trial,  
should be responsible for all trial-related medical (or dental) decisions.

4.3.2 During and following a subject's participation in a trial, the investigator/institution should ensure that adequate 
medical care is provided to a subject for any adverse events, including clinically significant laboratory values,  
related  to  the  trial.   The  investigator/institution  should  inform  a  subject  when  medical  care  is  needed  for  
intercurrent illness(es) of which the investigator becomes aware.

4.3.3 It is recommended that the investigator inform the subject's primary physician about the subject's participation in  
the trial if the subject has a primary physician and if the subject agrees to the primary physician being informed.

4.3.4 Although  a  subject  is  not  obliged  to  give  his/her  reason(s)  for  withdrawing  prematurely  from  a  trial,  the 
investigator should make a reasonable effort to ascertain the reason(s), while fully respecting the subject's rights.

4.4 Communication with IRB/IEC

4.4.1 Before initiating a trial, the investigator/institution should have written and dated approval/favourable opinion from 
the IRB/IEC for  the trial  protocol,  written informed consent  form,  consent  form updates,  subject  recruitment  
procedures (e.g. advertisements), and any other written information to be provided to subjects.
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4.4.2 As part  of  the investigator's/institution's  written application to the IRB/IEC,  the investigator/institution should 
provide the IRB/IEC with a current copy of the Investigator's Brochure.  If the Investigator's Brochure is updated 
during the trial,  the investigator/institution should supply a copy of the updated Investigator's Brochure to the  
IRB/IEC.

4.4.3 During the trial the investigator/institution should provide to the IRB/IEC all documents subject to review.

4.5 Compliance with Protocol

4.5.1 The investigator/institution should conduct the trial in compliance with the protocol agreed to by the sponsor and,  
if required, by the regulatory authority(ies) and which was given approval/favourable opinion by the IRB/IEC.  
The  investigator/institution  and  the  sponsor  should  sign  the  protocol,  or  an  alternative  contract,  to  confirm 
agreement.

4.5.2 The investigator should not implement any deviation from, or changes of the protocol without agreement by the  
sponsor and prior review and documented approval/favourable opinion from the IRB/IEC of an amendment, except 
where  necessary  to  eliminate  an  immediate  hazard(s)  to  trial  subjects,  or  when  the  change(s)  involves  only 
logistical or administrative aspects of the trial (e.g. change in monitor(s), change of telephone number(s)).

4.5.3 The investigator, or person designated by the investigator, should document and explain any deviation from the  
approved protocol.

4.5.4 The investigator may implement a deviation from, or a change of, the protocol to eliminate an immediate hazard(s) 
to  trial  subjects  without  prior  IRB/IEC approval/favourable  opinion.   As  soon  as  possible,  the  implemented 
deviation or change, the reasons for it, and, if appropriate, the proposed protocol amendments should be submitted:

 to the IRB/IEC for review and approval/favourable opinion,

 to the sponsor for agreement and, if required,

 to the regulatory authority(ies).

4.6 Investigational Product(s)

4.6.1 Responsibility for investigational product(s) accountability at the trial site(s) rests with the investigator/institution.

4.6.2 Where allowed/required, the investigator/institution may/should assign some or all of the investigator's/institution's 
duties  for  investigational  product(s)  accountability  at  the  trial  site(s)  to  an  appropriate  pharmacist  or  another  
appropriate individual who is under the supervision of the investigator/institution.

4.6.3 The  investigator/institution  and/or  a  pharmacist  or  other  appropriate  individual,  who  is  designated  by  the 
investigator/institution, should maintain records of the product's delivery to the trial site, the inventory at the site,  
the use by each subject, and the return to the sponsor or alternative disposition of unused product(s).  These records 
should  include  dates,  quantities,  batch/serial  numbers,  expiration  dates  (if  applicable),  and  the  unique  code  
numbers assigned to the investigational product(s) and trial subjects.  Investigators should maintain records that  
document  adequately  that  the  subjects  were  provided  the  doses  specified  by  the  protocol  and  reconcile  all  
investigational product(s) received from the sponsor.

4.6.4 The  investigational  product(s)  should  be  stored  as  specified  by  the  sponsor  (see  5.13.2  and  5.14.3)  and  in 
accordance with applicable regulatory requirement(s).

4.6.5 The investigator should ensure that the investigational product(s) are used only in accordance with the approved 
protocol.

4.6.6 The  investigator,  or  a  person  designated by  the investigator/institution,  should explain  the correct  use  of  the 
investigational product(s) to each subject and should check, at intervals appropriate for the trial, that each subject is  
following the instructions properly.
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4.7 Randomisation Procedures and Unblinding

The investigator should follow the trial's randomisation procedures, if any, and should ensure that the code is broken only in  
accordance with the protocol.  If the trial is blinded, the investigator should promptly document and explain to the sponsor  
any premature unblinding (e.g.  accidental  unblinding,  unblinding due to  a serious adverse event) of  the investigational 
product(s).

4.8 Informed Consent of Trial Subjects

4.8.1 In obtaining and documenting informed consent, the investigator should comply with the applicable regulatory 
requirement(s), and should adhere to GCP and to the ethical principles that have their origin in the Declaration of 
Helsinki.   Prior  to  the  beginning  of  the  trial,  the  investigator  should  have  the  IRB/IEC's  written  
approval/favourable opinion of the written informed consent form and any other written information to be provided 
to subjects.

4.8.2 The written informed consent form and any other written information to be provided to subjects should be revised  
whenever important new information becomes available that may be relevant to the subject's consent.  Any revised  
written informed consent form, and written information should receive the IRB/IEC's approval/favourable opinion  
in advance of use.  The subject or the subject's legally acceptable representative should be informed in a timely 
manner  if  new information  becomes  available  that  may  be  relevant  to  the  subject's  willingness  to  continue  
participation in the trial.  The communication of this information should be documented.

4.8.3 Neither the investigator, nor the trial staff, should coerce or unduly influence a subject to participate or to continue 
to participate in a trial.

4.8.4 None of the oral and written information concerning the trial, including the written informed consent form, should  
contain any language that causes the subject or the subject's legally acceptable representative to waive or to appear  
to waive any legal rights, or that releases or appears to release the investigator, the institution, the sponsor, or their  
agents from liability for negligence.

4.8.5 The investigator, or a person designated by the investigator, should fully inform the subject or, if the subject is  
unable to provide informed consent, the subject's legally acceptable representative, of all pertinent aspects of the 
trial including the written information given approval/favourable opinion by the IRB/IEC.

4.8.6 The language used in the oral and written information about the trial, including, the written informed consent form, 
should  be  as  non-technical  as  practical  and  should  be  understandable  to  the  subject  or  the  subject's  legally 
acceptable representative and the impartial witness, where applicable.

4.8.7 Before informed consent may be obtained, the investigator, or a person designated by the investigator, should  
provide the subject or the subject's legally acceptable representative ample time and opportunity to inquire about 
details of the trial and to decide whether or not to participate in the trial.  All questions about the trial should be  
answered to the satisfaction of the subject or the subject's legally acceptable representative.

4.8.8 Prior to a subject's participation in the trial, the written informed consent form should be signed and personally  
dated by the subject or by the subject's legally acceptable representative, and by the person who conducted the 
informed consent discussion.

4.8.9 If a subject is unable to read or if a legally acceptable representative is unable to read, an impartial witness should  
be present during the entire informed consent discussion.  After the written informed consent form and any other  
written  information  to  be  provided  to  subjects,  is  read  and  explained  to  the  subject  or  the  subject's  legally 
acceptable  representative,  and  after  the  subject  or  the  subject's  legally  acceptable  representative  has  orally  
consented to the subject's participation in the trial and, if capable of doing so, has signed and personally dated the 
informed consent form, the witness should sign and personally date the consent form.  By signing the consent 
form, the witness attests that the information in the consent form and any other written information was accurately  
explained to, and apparently understood by, the subject or the subject's legally acceptable representative, and that  
informed consent was freely given by the subject or the subject's legally acceptable representative.
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4.8.10 Both the informed consent discussion and the written informed consent form and any other written information to 
be provided to subjects should include explanations of the following:

a) That the trial involves research.

b) The purpose of the trial.

c) The trial treatment(s) and the probability for random assignment to each treatment.

d) The trial procedures to be followed, including all invasive procedures.

e) The subject's responsibilities.

f) Those aspects of the trial that are experimental.

g) The reasonably foreseeable risks or inconveniences to the subject and, when applicable, to an embryo, foetus,  
or nursing infant.

h) The reasonably expected benefits.  When there is no intended clinical benefit to the subject, the subject should  
be made aware of' this.

i) The alternative procedure(s) or course(s) of treatment that may be available to the subject, and their important 
potential benefits and risks.

j) The compensation and/or treatment available to the subject in the event of trial-related injury.

k) The anticipated prorated payment, if any, to the subject for participating in the trial.

l) The anticipated expenses, if any, to the subject for participating in the trial.

m) That  the  subject's  participation in  the trial  is  voluntary and that  the  subject  may refuse  to  participate  or  
withdraw from the trial,  at any time, without penalty or loss of benefits to which the subject is otherwise  
entitled.

n) That the monitor(s), the auditor(s), the IRB/IEC, and the regulatory authority(ies) will be granted direct access 
to  the  subject's  original  medical  records  for  verification  of  clinical  trial  procedures  and/or  data,  without  
violating the confidentiality of the subject, to the extent permitted by the applicable laws and regulations and 
that, by signing a written informed consent form, the subject or the subject's legally acceptable representative  
is authorising such access.

o) That records identifying the subject will be kept confidential and, to the extent permitted by the applicable 
laws and/or regulations,  will  not be made publicly available.   If  the results of the trial are published,  the  
subject's identity will remain confidential.

p) That  the subject or the subject's  legally acceptable  representative will  be informed in a timely manner  if  
information becomes available that may be relevant to the subject's willingness to continue participation in the  
trial.

q) The person(s) to contact for further information regarding the trial and the rights of trial subjects, and whom to  
contact in the event of trial-related injury.

r) The  foreseeable  circumstances  and/or  reasons  under  which the subject's  participation in  the trial  may be  
terminated.

s) The expected duration of the subject's participation in the trial.

t) The approximate number of subjects involved in the trial.

4.8.11 Prior to participation in the trial, the subject or the subject's legally acceptable representative should receive a copy  
of the signed and dated written informed consent form and any other written information provided to the subjects. 
During a subject's participation in the trial, the subject or the subject's legally acceptable representative should  
receive a  copy of  the signed and dated consent  form updates  and a  copy of  any amendments  to  the written  
information provided to subjects.
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4.8.12 When a clinical trial (therapeutic or non-therapeutic) includes subjects who can only be enrolled in the trial with  
the consent of the subject's legally acceptable representative (e.g. minors, or patients with severe dementia), the  
subject should be informed about the trial to the extent compatible with the subject's understanding and, if capable,  
the subject should sign and personally date the written informed consent.

4.8.13 Except as described in 4.8.14, a non-therapeutic trial (i.e. a trial in which there is no anticipated direct clinical  
benefit to the subject), should be conducted in subjects who personally give consent and who sign and date the  
written informed consent form.

4.8.14 Non-therapeutic trials may be conducted in subjects with consent of a legally acceptable representative provided  
the following conditions are fulfilled:

a) The objectives of the trial can not be met by means of a trial in subjects who can give informed consent  
personally.

b) The foreseeable risks to the subjects are low.

c) The negative impact on the subject's well-being is minimised and low.

d) The trial is not prohibited by law.

e) The approval/favourable opinion of the IRB/IEC is expressly sought on the inclusion of such subjects, and the  
written approval/favourable opinion covers this aspect.

f) Such trials, unless an exception is justified, should be conducted in patients having a disease or condition for  
which the investigational product is intended.  Subjects in these trials should be particularly closely monitored  
and should be withdrawn if they appear to be unduly distressed.

4.8.15 In emergency situations, when prior consent of the subject is not possible, the consent of the subject's legally  
acceptable representative, if present, should be requested.  When prior consent of the subject is not possible, and 
the subject's legally acceptable representative is not available, enrolment of the subject should require measures 
described in the protocol and/or elsewhere,  with documented approval/favourable opinion by the IRB/IEC, to  
protect  the  rights,  safety  and  well-being  of  the  subject  and  to  ensure  compliance  with  applicable  regulatory 
requirements.  The subject or the subject's legally acceptable representative should be informed about the trial as  
soon as possible and consent to continue and other consent as appropriate (see 4.8.10) should be requested.

4.9 Records and Reports

4.9.1 The investigator should ensure the accuracy, completeness, legibility, and timeliness of the data reported to the 
sponsor in the CRFs and in all required reports.

4.9.2 Data  reported  on  the  CRF,  that  are  derived  from  source  documents,  should  be  consistent  with  the  source 
documents or the discrepancies should be explained.

4.9.3 Any change or correction to a CRF should be dated, initialled, and explained (if necessary) and should not obscure 
the original entry (i.e. an audit trail should be maintained); this applies to both written and electronic changes or  
corrections (see 5.18.4 (n)).  Sponsors should provide guidance to investigators and/or the investigators' designated 
representatives on making such corrections.  Sponsors should have written procedures to assure that changes or 
corrections in CRFs made by sponsor's designated representatives are documented, are necessary, and are endorsed 
by the investigator.  The investigator should retain records of the changes and corrections.

4.9.4 The  investigator/institution  should  maintain  the  trial  documents  as  specified  in  Essential  Documents  for  the 
Conduct  of  a  Clinical  Trial  (see  8.)  and  as  required  by  the  applicable  regulatory  requirement(s).   The  
investigator/institution should take measures to prevent accidental or premature destruction of these documents.

4.9.5 Essential documents should be retained until at least 2 years after the last approval of a marketing application in an  
ICH region and until there are no pending or contemplated marketing applications in an ICH region or at least 2 
years have elapsed since the formal discontinuation of clinical development of the investigational product.  These 
documents should be retained for a longer period however if required by the applicable regulatory requirements or 
by an agreement with the sponsor.  It is the responsibility of the sponsor to inform the investigator/institution as to  
when these documents no longer need to be retained (see 5.5.12).
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4.9.6 The  financial  aspects  of  the  trial  should  be  documented  in  an  agreement  between  the  sponsor  and  the 
investigator/institution.

4.9.7 Upon request of the monitor, auditor, IRB/IEC, or regulatory authority, the investigator/institution should make  
available for direct access all requested trial-related records.

4.10 Progress Reports

4.10.1 The investigator should submit written summaries of the trial status to the IRB/IEC annually, or more frequently, if  
requested by the IRB/IEC.

4.10.2 The investigator  should promptly provide written reports to the sponsor,  the IRB/IEC (see 3.3.8) and,  where  
applicable, the institution on any changes significantly affecting the conduct of the trial, and/or increasing the risk  
to subjects.

4.11 Safety Reporting

4.11.1 All serious adverse events (SAEs) should be reported immediately to the sponsor except for those SAEs that the  
protocol  or other  document  (e.g.  Investigator's  Brochure) identifies  as not  needing immediate reporting.   The  
immediate reports should be followed promptly by detailed, written reports.  The immediate and follow-up reports 
should identify subjects by unique code numbers assigned to the trial subjects rather than by the subjects' names,  
personal  identification  numbers,  and/or  addresses.   The  investigator  should  also  comply  with  the  applicable 
regulatory requirement(s) related to the reporting of unexpected serious adverse drug reactions to the regulatory 
authority(ies) and the IRB/IEC.

4.11.2 Adverse events and/or laboratory abnormalities identified in the protocol as critical to safety evaluations should be 
reported to  the sponsor  according to the reporting requirements  and within the time periods specified by the  
sponsor in the protocol.

4.11.3 For reported deaths, the investigator should supply the sponsor and the IRB/IEC with any additional requested  
information (e.g. autopsy reports and terminal medical reports).

4.12 Premature Termination or Suspension of a Trial

If the trial is prematurely terminated or suspended for any reason, the investigator/institution should promptly inform the  
trial  subjects,  should assure  appropriate  therapy and follow-up for  the subjects,  and,  where required by the applicable  
regulatory requirement(s), should inform the regulatory authority(ies).  In addition:

4.12.1 If the investigator terminates or suspends a trial without prior agreement of the sponsor, the investigator should  
inform the institution where applicable, and the investigator/institution should promptly inform the sponsor and the 
IRB/IEC, and should provide the sponsor and the IRB/IEC a detailed written explanation of the termination or  
suspension.

4.12.2 If the sponsor terminates or suspends a trial (see 5.21), the investigator should promptly inform the institution 
where applicable and the investigator/institution should promptly inform the IRB/IEC and provide the IRB/IEC a 
detailed written explanation of the termination or suspension.

4.12.3 If  the  IRB/IEC  terminates  or  suspends  its  approval/favourable  opinion  of  a  trial  (see  3.1.2  and  3.3.9),  the 
investigator should inform the institution where applicable and the investigator/institution should promptly notify 
the sponsor and provide the sponsor with a detailed written explanation of the termination or suspension.

4.13 Final Report(s) by Investigator

Upon completion of the trial, the investigator, where applicable, should inform the institution; the investigator/institution 
should provide the IRB/IEC with a summary of'  the trial's  outcome, and the regulatory authority(ies) with any reports  
required.

Final Version 2.0; 03 March 2017 CONFIDENTIAL



Protocol hrBMP4-001 hrBMP4 in Glioblastoma Multiforme Page 70 of 73

APPENDIX C: EXAMPLE OF PERFORMANCE STATUS: 
KARNOFSKY SCALE

KARNOFSKY GRADE KARNOFSKY STATUS

100 Normal, no complaints; no evidence of disease.

90
Able to carry on normal activity; minor signs or symptoms of 

disease.

80 Normal activity with effort; some signs or symptoms of disease.

70 Cares for self but unable to carry on normal activity or to do work.

60
Requires occasional assistance but is able to care for most of 

personal needs.

50 Requires considerable assistance and frequent medical care.

40 Disabled; requires special care and assistance.

30
Severely disabled; hospitalisation is indicated although death not 

imminent.

20 Very ill; hospitalisation and active supportive care necessary.

10 Moribund.
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Not at A Quite Very
All Little a Bit Much

1. Do you have any trouble doing strenuous activities,
like carrying a heavy shopping bag or a suitcase? 1  2  3  4

2. Do you have any trouble taking a long walk? 1  2  3  4
3. Do you have any trouble taking a short walk outside of the house? 1  2  3  4
4. Do you need to stay in bed or a chair during the day? 1  2  3  4
5. Do you need help with eating, dressing, washing

yourself or using the toilet? 1  2  3  4

During the past week: Not at A Quite Very
All Little a Bit Much

6. Were you limited in doing either your work or other daily activities? 1  2  3  4
7. Were you limited in pursuing your hobbies or other

leisure time activities? 1  2  3  4
8. Were you short of breath? 1  2  3  4
9. Have you had pain? 1  2  3  4
10. Did you need to rest? 1  2  3  4
11. Have you had trouble sleeping? 1  2  3  4
12. Have you felt weak? 1  2  3  4
13. Have you lacked appetite? 1  2  3  4
14. Have you felt nauseated? 1  2  3  4
15. Have you vomited? 1  2  3  4
16. Have you been constipated? 1  2  3  4
17. Have you had diarrhea? 1  2  3  4
18. Were you tired? 1  2  3  4
19. Did pain interfere with your daily activities? 1  2  3  4
20. Have you had difficulty in concentrating on things,

like reading a newspaper or watching television? 1  2  3  4
21. Did you feel tense? 1  2  3  4
22. Did you worry? 1  2  3  4
23. Did you feel irritable? 1  2  3  4
24. Did you feel depressed? 1  2  3  4
25. Have you had difficulty remembering things? 1  2  3  4
26. Has your physical condition or medical treatment

interfered with your family life? 1  2  3  4
27. Has your physical condition or medical treatment

interfered with your social activities? 1  2  3  4
28. Has your physical condition or medical treatment

caused you financial difficulties? 1  2  3  4

For the following questions please circle the number between 1 and 7 that best
applies to you:
29. How would you rate your overall health during the past week?

1 2 3 4 5 6 7
Very poor Excellent

30. How would you rate your overall quality of life during the past week?
1 2 3 4 5 6 7

Very poor Excellent
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* If already discharged, patients will also visit the hospital as out-patients on 1 and 2 weeks after the last infusion for study   
   assessments for the same assessments as Week 4
A prior to the original surgical intervention/ tumour resection
B MRI scan of brain. Scans must be done within 28 days prior to the start of the infusion of hrBMP4 and Gd-DTPA.
C Post operative MRI after resection but before catheter placement to be performed for planning catheter placement. 
D Volumetric CT/MRI scan immediately after catheter placement (i.e., intra-operatively or immediately post-operatively) to 
  confirm correct catheter placement.
E MRI up to 24 hours post start infusion to assess distribution
F MRI scan repeted after catheter removal
G during surgery.
H at Baseline and end of infusion
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