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1 Protocol synopsis 
 

Study title Development of a platform for next-generation DNA sequencing based 
personalized treatment for cancer patients: Protocol to obtain biopsies from 
patients with locally advanced or metastatic cancer (CPCT - 02 biopsy 
protocol) 

Rationale A major challenge for researchers in cancer care is to expedite the 
development of new therapeutics and the Center for Personalized Cancer 
Treatment (a collaboration of the Dept. of Medical Oncology from the 
University Medical Center Utrecht, Netherlands Cancer Center - Antoni van 
Leeuwenhoek hospital and the Erasmus MC Cancer Institute and including 
other Dutch academic and affiliated hospitals) is an initiative to achieve this 
goal. 
 
The current and future generation anti-cancer drugs are developed to 
specifically activate or deactivate deregulated gene products or signaling 
pathways in cancer cells. The development of such “targeted” agents is an 
exciting new opportunity that promises to deliver more anti-cancer efficacy 
and less toxicity. Although targeted therapy has been a breakthrough in 
medical oncology leading to the development of a portfolio of potentially 
successful new drugs, it has not yet delivered the much needed relief for 
large patient populations. We believe that the development of these agents, 
as could also be postulated for several of the classical cytoxic agents, is 
mainly hampered by our lack of successful patient selection.  
 
The advent of NGS platforms enables us to probe a significant proportion of 
the cancer genome and thus to develop a realistic view on the complex 
genetic changes in cancer cells. The CPCT aims to use NGS platforms to 
improve the selection of patients for systemic therapy trials.  
 
We will obtain tumor biopsies of a (preferably) metastatic or locally 
advanced lesion and peripheral blood sample from all patients included in 
the trial; the biopsies to obtain information on the tumor related genetic 
mutations (mutational profile) and the blood samples to assess each 
patient’s germline DNA background variation. Review of the literature 
shows that in general tumor biopsies can be performed with only minor 
complications and acceptable risks. We will recruit patients with locally 
advanced or metastatic cancer for whom systemic treatment with anti-
cancer agents is indicated and we aim to use the information obtained from 
DNA sequencing to investigate the predictive value of the mutational 
profile. In addition, the CPCT-02 biopsy protocol will include questionnaires 
for specific sites regarding patients’ motivation, utility, quality of life (QoL), 
and productivity measures for future research e.g. cost-effectiveness and 
patient reported outcome measure (PROM). 
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Study design This is a multicenter study combining histological biopsy of tumor material 
with DNA sequencing using Next Generation Sequencing (NGS) platform. 
The study aims to obtain a more accurate pre-treatment stratification of 
cancer patients by obtaining fresh tumor biopsies for next-generation 
sequencing to obtain a mutational profile. Additional, standardized 
questionnaires will be sent to the patients for specific sites for future 
research purposes. 

Objectives Primary objective: 

To analyze the individual cancer genome in cancer patients to develop 
future predictors for response to systemic treatment 
 
Secondary objectives: 

 To determine the amount of biopsy samples with sufficient DNA for 
analysis 

 To determine the amount of biopsy samples with an adequate 
mutational profile 

 To collect and interpret all coded mutational profiles obtained using 
this protocol  

 To determine changes in the mutational profile under the influence 
of systemic treatment 

 To explore and analyze the individual microRNA,(phospho)proteomic 
profiles and organoid cultures in patients with cancer to develop 
future predictors for response to systemic treatment. 

 To explore the correlation between mutational profiles in solid 
tumor biopsies and liquid biopsies (circulating tumor DNA)  

 To measure the effect of testing and treatment on the patients’ 
motivation, utility, QoL, productivity and informal care by means of 
questionnaires 

Endpoints Primary endpoint: 

 Number of patients with adequate mutational profiles of their 
cancer genome and adequate follow up of systemic treatment 
efficacy. 
 

Secondary endpoints: 

 Percentage of samples with sufficient DNA for sequencing analysis 

 Percentage of samples with an adequate mutational profile that 
allows biomarker discovery efforts. These profiles will be deposited 
in the CPCT database. Database of all (coded) data obtained using 
this protocol 

 Differences in mutational profile pre, post and during treatment 

 Number of samples with an adequate microRNA, (phospo)proteomic 
profiles and organoid cultures that allows biomarker discovery 
efforts. These profiles will be deposited in the CPCT database. 

 Number of samples with a clear correlation between mutational 
profiles in solid and liquid biopsies 

 Number completed questionnaires, sufficient for performing e.g.  
health economic analysis or PROM research. 
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Patient selection Main patient selection criteria, defined as inclusion criteria, are:  

 Patient with the following locally advanced or metastatic cancer for 
whom a new line of therapy is indicated starting within 3 months 
after biopsy (see also table 2): 

- All types of cancer: Immunotherapy (Anti-PD1/PDL1, 
Anti-CTLA4) 

- Metastatic Castration-Resistant Prostate Cancer 
(mCRPC): Hormonal therapy (Abiraterone / 
Enzalutamide) 

- ER positive Breast Cancer: Hormonal therapy (All HT 
including combinations with Everolimus and CDK4/6 
inhibitors) 

- Renal Cell Cancer (RCC): Targeted therapy (VEGF 
targeted TKIs: Sorafenib/ Sunitinib/ Pazopanib/ 
Axitinib/ Levatinib/ Regorafenib/ Cabozantinib) 

- Hepatocellulair Cancer (HCC)/ Sarcoma/ Thyroid: 
Targeted therapy (VEGF targeted TKIs: Sorafenib/ 
Sunitinib/ Pazopanib/ Axitinib/ Levatinib/ Regorafenib/ 
Cabozantinib) 

Both standard of care treatment or treatment with these 
compounds within clinical trials are included. Patients with a planned 
inclusion in a randomized study in which the standard of care arm is 
a monotherapy PD1/PDL1 inhibitor are allowed, if the treatment is 
open-label.  A CPCT-02 biopsy may be combined with a diagnostic 
biopsy.   

 Measurable metastatic or locally advanced lesion(s), according to 
RECIST 1.1 criteria (or RANO criteria if applicable). For breast and 
prostate cancer patients with bone only disease, no measurable 
lesions need to be present. 

 Safe biopsy of a metastatic or locally advanced lesion possible 

 Age > 18 yr 

 Expected adequacy to follow up 
 Written informed consent 

Criteria for evaluation  DNA sequencing: 
DNA will be isolated from tumor biopsies of a metastatic or locally advanced 
lesion and blood, allowing us to identify tumor specific mutations, 
potentially guiding clinical decision-making.  
 
Obtained sequence data are processed using publicly available and custom 
made algorithms to identify genetic alterations. Additional filtering steps are 
applied to focus on those variants most likely affecting protein function, like 
non-synonymous-, splice-site- and nonsense mutations together with small 
insertions and deletions. We will also perform a signalling pathway analysis 
to identify pathways with aberrant activity, opening up potential 
intervention strategies.   

Statistics There are no formal statistical considerations that underlie the sequencing 
efforts. The primary endpoint is amount of patients that has adequate 



Protocol to obtain biopsies from patients with locally advanced or metastatic cancer (CPCT - 02 biopsy protocol) 
Version 19.0 Amendment 11.0  (26-Apr-2018) 
Page 10 of 46   

sequencing profiles and have adequate follow up data on the outcome of 
systemic treatment. We aim to determine the mutational profile of 
metastatic lesions in 500 patients a year. We will also report the 
percentages of samples with sufficient DNA for analysis and of samples with 
an adequate mutational profile. Data obtained from the standardized 
questionnaires will be gathered in a dataset and analyzed, making it suitable 
for further statistical analysis. 
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2 Background and introduction 
 

2.1 Center for Personalized Cancer Treatment  

 
The development of new therapies for cancer patients has been slow despite a vast investment from 
both academia and industry.1 A major challenge for researchers in cancer care is to expedite the 
development of new therapeutics and the Center for Personalized Cancer Treatment (CPCT, a 
collaboration of the Dept. of Medical Oncology from the University Medical Center Utrecht, Netherlands 
Cancer Center - Antoni van Leeuwenhoek hospital and the Erasmus MC Cancer Institute and including 
other Dutch academic and affiliated hospitals) is an initiative to help achieve this goal. 
  
The mechanistic insight that basic research on cancer has generated is overwhelming and this wealth of 
data has resulted in a large pool of potential targets for anti-cancer therapy. The current and future 
generation anti-cancer drugs are developed to specifically activate or deactivate deregulated gene 
products or signalling pathways in cancer cells. The development of such “targeted” agents is an exciting 
new opportunity that promises to deliver more anti-cancer efficacy and less toxicity.  
 To illustrate the potential benefits of such an approach we show the CT scan (Fig.1) of a patient with 
a metastatic PEComa, a rare sarcoma variant. The patient had no further conventional treatment 
options. We found a TSC1 mutation that is known to activate the mTOR pathway and started treatment 
with the mTOR inhibitor everolimus. Within 3 months her complaints resolved and her tumor had gone 
into remission.  
 

Figure 1 
 

  
 

A patient with metastatic PEComa. Based on genetic alterations the mTOR pathway was specifically activated and the tumor had a 
high vascular density (left panel). This patient was treated with the mTOR inhibitor everolimus for 3 months, resulting in a 

complete remission (right panel). 

 
Although targeted therapy has been a breakthrough in medical oncology leading to the development of a 
portfolio of potentially successful new drugs, it has not yet delivered the much needed relief for large 
patient populations. We believe that the development of these agents is mainly hampered by our lack of 
successful patient selection and that future treatment will no longer be based on the origin (organ) of the 
primary tumor, but on the mutational profile (predictive biomarkers) of the individual tumor. Several 
targeted agents have shown remarkable efficacy in patient populations selected based on biomarkers 
(table 1). The development of trastuzumab for the treatment of patients with HER2-overexpressing 
metastatic gastric or gastro-oesophageal (GE) junction adenocarcinoma is a good example. Recent 
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evidence suggests that trastuzumab is beneficial for patients with HER2+ gastric cancer2. While the 
fraction of HER2 expression between breast cancer and gastric cancer patients is similar ( ±22%), it took 
12 years from registration of trastuzumab for the treatment of Her2+ breast cancer to its registration for 
Her2+ gastric cancer. We envision that this delay could be shortened if we include all tumor types in early 
phase trials.  
 However, for most of our targeted therapies, as could also be postulated for several of the classical 
cytoxic agents, we do not have these clean targets to aim for. Therefore, we need to develop new 
strategies and technologies to select those patients that respond to selected targeted agents. Selecting 
patients for targeted therapy based on molecular aberrations in the individual tumor better fits the 
development of targeted therapies as we target activated signalling pathways and not aspecific 
phenomena such as proliferation or metabolism. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Current paradigm dictates that cancer is a genetic disease. In cancer cells the genome is mutated in such 
a way that the cancer cell acquires the seven hallmarks of cancer described by Hanahan and Weinberg 11, 
including self-sufficiency in growth signals, insensitivity to growth-inhibitory (antigrowth) signals, evasion 
of programmed cell death (apoptosis), limitless replicative potential, sustained angiogenesis, and tissue 
invasion and metastasis. The methodology to study the human cancer genome is rapidly improving and 
reading the sequence of (significant parts of) the genome is becoming relatively easy and affordable. 
Next Generation Sequencing (NGS) platforms, such as the SOLiDTM platform (Life Technologies), are 
transforming our ability to read and understand the alterations in the genome of cancer cells.12 The use 
of such high-throughput technology for patient care could become cost-effective and is potentially 
superior in predicting therapy response compared to our standard diagnostic tests mainly focusing on 
specific mutations in a single gene or protein.     
 
A major hurdle in generating accurate single feature predictive biomarkers is the tendency of signalling 
pathways to behave as parts of a self-containing system. These systems generally have redundancies and 
feedback mechanisms to overcome disturbances. Determining whether the targeted drug is inhibiting an 
essential component of the signalling cascade is virtually impossible without generating a more 
comprehensive insight into the overall genetic make-up of the cancer cell. The advent of NGS platforms 
enables us to probe a significant proportion of the cancer genome and thus to develop realistic view on 
the complex genetic changes in cancer cells. The CPCT aims to use NGS platforms to improve the 
selection of patients for targeted therapy.  

Table 1: Examples of successful DNA based biomarkers and targeted therapies in oncology 
Target Disease Drug Success 
Her2Neu Breast, stomach Herceptin, 

Lapatinib 
HR: +/- 0.50 for progression free survival for 
Her2+ breast cancer patients after surgery3;4 

c-KIT GIST Imatinib Majority of patients show impressive 
responses5 

BCR-Abl CML Imatinib >50% response in BCR-ABL positive CML6;7 
ALK NSCLC Specific ALK 

inhibitor 
Promising phase I data, to be confirmed. 

PARP BRCA 1 / 2 associated 
ovarian carcinoma, 
triple negative breast 
cancer 

Multiple PARP 
inhibitors 

Promising phase I/II data8;9 

BRAF BRAF mutant 
melanoma 

Specific BRAF 
inhibitor 

Promising phase I data10 
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2.2 Patients 

 
The CPCT aims to obtain NGS based mutational profiles combined with response data on systemic 
treatment. We will recruit patients with locally advanced or metastatic solid tumors with measurable 
disease before the start of systemic treatment. If possible we will use the information obtained from 
DNA sequencing to stratify patients for inclusion in clinical trials.  
 
During 2018 and 2019 a total of 1000 patients per year can be included in the CPCT-02, unless  
supplementary funding can be acquired. The sponsor can limit or expand the inclusion of patients based 
on available financial resources.  
 
Patients who will be recruited for the CPCT-02 biopsy protocol will be patients for whom a new line of 
following therapy is indicate, see table 2.  
 
 

Table 2: Types of therapies in combination with tumor types 

                Types of therapies 

 

  

  
 
 
Tumor types  

Immunotherapy: 

Anti-PD1/PDL1 
Anti-CTLA4 

Hormonal therapy: 

Abiraterone / 
Enzalutamide 

Hormonal therapy:  

All HT include 
combinations with 
Everolimus and 
CDK4/6 inhibitors 

Targeted therapy: 

VEGF targeted TKIs 
(Sorafenib/ 
Sunitinib/ 
Pazopanib/ 
Axitinib/ Levatinib/ 
Regorafenib/ 
Cabozantinib) 

All Cancers X    

Metastatic Castration-
Resistant Prostate Cancer 
(mCRPC) 

 X   

ERPos Breast Cancer (BC)   X  

Renal Cell Cancer (RCC)    X 

Hepatocellulair Cancer 
(HCC)/ Sarcoma/ Thyroid 

   X 

 
 
 

2.3 Tumor biopsies 

 
We will obtain a baseline tumor biopsy of a metastatic or locally advanced lesion and a peripheral blood 
sample from all patients included in this trial. These procedures are necessary to obtain reliable 
sequencing information; the biopsies to obtain information on the tumor related genetic mutations and 
the blood samples to assess each patient’s germline DNA background variation. Determining patient’s 
germline DNA background variation is essential for correct interpretation of the mutational profile. 
Differentiation between tumor relevant somatic mutations and irrelevant mutations (i.e. mutations that 
can be detected in healthy tissue/blood, like SNPs) is only possible by determining patient’s germline 
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DNA background variation. Only relevant somatic mutations will be used for determining the mutational 
profile which will be correlated to the response to therapy. 
 
Patients will also be asked to undergo (optional) on-treatment and post-treatment biopsies. Post-
treatment biopsies will take place at discontinuation of systemic treatment, either due to progressive 
disease, unacceptable toxicity of systemic treatment or any other reason. This allows us to determine 
direct effects of the systemic treatment on the mutational profile (in case of instant progression under 
treatment or instant unacceptable toxicity), long-term effects of the systemic therapy on the mutational 
profile (in case of discontinuation of treatment due to disease control) and to observe new mutations 
that cause insensitivity to systemic treatment (progressive disease after multiple cycles).  
 It is not possible to determine a fixed moment of the on-treatment biopsies. This differs not only on 
type of systemic treatment (based on mode of action and knowledge/expectation of time to response 
between chemotherapy, targeted therapy or immunotherapy), but mainly on type of response, for 
example extremes in response (e.g. great response when poor response is expected or the opposite) or 
patients with a mixed response (partial response of metastatic lesions combined with growing lesions or 
new lesions). 
If tumor tissue becomes available during treatment because of other reasons, with the permission of the 
patient, this may be used for extra DNA analyses. 
 
Standardized collection of adequate tissue samples is important in performing biomarker research. As a 
proof of concept, we have sequenced 1265 cancer related genes in 20 patients with metastatic colorectal 
cancer in both the primary tumor and resected metastases. Preliminary analysis showed extensive 
variation in mutational profile between the primary tumor and its metastasis, with a shared mutation 
spectrum of only 51%. These differences include loss of mutations as well as gain of mutations. Two 
recent papers describe similar effects in breast cancer patients. The first paper compared the tumor 
genome from a patient with an ER positive primary breast cancer with a metastasis that occurred 9 years 
later. The metastasis contained 19/32 novel mutations compared to the primary tumor13. The second 
paper describes the tumor genome from a patient with basal like breast cancer arising 8 months after 
resection of her primary tumor. Here, the metastasis was significantly enriched for 20/40 mutations 
found14. These data have been validated by a similar sequencing approach in pancreatic cancer, once 
more showing that metastases are essentially derived from subclones of the primary tumor and may 
exhibit seeding organ specific genetic mutations15;16. Therefore, we need to probe the mutational profile 
of metastases to optimally guide therapy choice. 
 
As patients will be asked to undergo an invasive procedure it is important to address the potential safety 
issues. Review of the literature shows that in general tumor biopsies can be performed with only minor 
complications and acceptable risks (Appendix B). Although biopsies are generally considered to be safe, 
the location of the tumor is an important determinant of the risk associated with the biopsy. The risk 
assessment of liver biopsies shows that overall mortality of ultrasound-guided large-core needle biopsy 
of liver tumors is very small, i.e. <0.5%. Large-core needle biopsies of liver lesions is performed, usually 
with a 18G biopsy needle and the use of a 17G guiding needle which is positioned into the target lesion. 
In general, 2-3 biopsy samples (specimen length 22mm) per lesion are obtained. Complications are 
generally limited when precautions are taken into account (e.g., adequate coagulation status). Bleeding 
risk in general is considered to be lower than 10% (Appendix B). In contrast, biopsies of lung metastases 
have a risk of causing pneumothorax, whereas biopsies of subcutaneous metastases are considered to be 
very safe. Overall, tumor biopsies provide important information and pose a minor burden to the 
patient’s wellbeing. 
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In a recent position paper, the Cancer and Leukemia Group B Ethics Committee defined 5 conditions to 
justify mandatory biopsies17:  

1. There should be a strong scientific rationale for the study; 
2. Meaningful efforts must be taken to ensure that patients are adequately informed that biopsies 

are required and are for research purposes only; 
3. Adequate monitoring of safety of the procedure and reporting of adverse effects; 
4. If possible samples should be obtained at the time of clinically required procedures to minimize 

discomfort and inconvenience; 
5. Research biopsies should only be performed if samples cannot be obtained in a different way. 

 
In this protocol we will try to adhere to these important conditions as far as they are relevant to our 
proposed efforts (point 1-4 will be specifically addressed).  
 
 

2.4 Optional questionnaires  

 
Standardized questionnaires will be used by specific sites to gather information about the patients’ 
motivation to participate in the trial, health utility, QoL , productivity and informal care.  
 For obtaining patients’ health utility, the EQ-5D-5L will be used25. This instrument consists of five 
dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) with five levels 
each (no problems, slight problems, moderate problems, severe problems and unable). In addition it has 
a general health scoring including a visual analog scale. This is a valid and frequently used tool for utility 
scoring.  
 For scoring the general QoL, the EORTC-QLQ-C30 will be used26. This instrument contains 30 
questions, which exist of five functional scales, three symptom scales, a global health status and QoL 
scale, and six single items.  The first 28 questions are scored with a four-point scale. These are coded 
(from 1 to 4): “not at all”, “a little”, “quite a bit” and “very much”. The last two questions are scored with 
a seven-point scale, ranging from (1 to 7) “very poor” to “excellent”. This is a valid tool for cancer specific 
QoL scoring for general cancer patients.  
 
 Information about patients’ productivity losses will be gathered by means of 11 questions derived 
from the validated tool PRODISQ (module B,C,D and E)27. These include: five questions containing 
information regarding work, income, and work situation; three questions about omission; one question 
about the compensation mechanism omission; and two questions about the productivity costs during 
work. These questions can be answered with different outcomes ranging from: “yes”, “no”, “no 
comment”, number of hours/days, open answers, dates, multiple choice and ten-point scales ranging 
from equivalents of worst to best. These questions are part of a valid tool to calculate the productivity 
costs and can be used separately for this purpose.  
 
 The three added informal care questions are about resource use and can be used for calculating the 
costs that involve informal care. One question is added to the questionnaire of the first time point (see 
time points below) regarding the motivation to participate in the trial from a patient’s perspective. 
Furthermore, for practical reasons, one question is added to the questionnaires of the  subsequent time 
points in order to check which type of treatment they receive at the moment of completing the 
questionnaire. 
 
 The optional questionnaires will be sent to the patients digitally or in paper version after the give 
informed consent for these questionnaires. The time points are: baseline (T0), 3 months (T1), 6 months 
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(T2) and 12 months (T3) after treatment. The process of completing the questionnaires will be coded and 
patients will be reminded to fill in the questionnaires by email or by letter.  
 The patients will also be provided with an informative and instructive email or letter, every time the 
questionnaires are being sent. This email or letter includes a short introduction about the purpose of the 
questionnaires and which questionnaires they can expect at that specific moment. Also, patients will be 
requested kindly to complete the questionnaires within a few weeks and at most at a specific given date.  
The patients will be provided with an indication of the time (~15-30 min) it would take to complete the 
questionnaires and information of the researcher who they can contact for any questions and answers, 
related to the questionnaires. 
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3 Objectives and endpoints 
 

3.1 Objectives 
 

3.1.1 Primary objective 

The primary objective of this study is: 

 To analyze the individual cancer genome in cancer patients to develop future predictors for 
response to systemic treatment in individual patients with cancer. 

3.1.2 Secondary objectives 

Secondary objectives of this study are: 

 To determine the amount of biopsy samples with sufficient DNA for analysis 

 To determine the amount of biopsy samples with an adequate mutational profile 

 To collect and interpret all coded mutational profiles obtained using this protocol  

 To determine changes in the mutational profile under the influence of systemic treatment 

 To explore and analyze the individual microRNA, (phospho)proteomic profiles and organoid 
cultures in patients with cancer to develop future predictors for response to systemic treatment 

 To explore the correlation between mutational profiles in solid tumor biopsies and liquid biopsies 
(circulating tumor DNA)  

 To measure the effect of testing and treatment on the patients’ motivation, utility, QoL, 
productivity and informal care by means of questionnaires 

 

3.2 End-points 

3.2.1 Primary endpoint 

The primary endpoint is: 
Number of patients with adequate mutational profiles of their cancer genome and adequate follow up of 
systemic treatment efficacy. 

3.2.2 Secondary endpoints 

Secondary endpoints are: 

 Percentage of samples with sufficient DNA for sequencing analysis 

 Percentage of samples with an adequate mutational profile that allows biomarker discovery 
efforts. These profiles will be deposited in the CPCT database. 

 Database of all (coded) data obtained using this protocol 

 Differences in mutational profile pre, post and during treatment 

 Number of samples with an adequate microRNA, (phospo)proteomic profiles and organoid 
cultures that allows biomarker discovery efforts. These profiles will be deposited in the CPCT 
database. 

 Number of samples with a clear correlation between mutational profiles in solid and liquid 
biopsies 

 Number of filled in questionnaires, sufficient for performing e.g. health economic analysis or 
PROM research. 
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4 Trial design 
 
This is a study combining histological biopsies of tumor material and blood sample with DNA sequencing 
using a Next Generation Sequencing (NGS) platform. The study aims to obtain a more accurate pre-
treatment stratification of cancer patients by obtaining fresh tumor biopsies of a metastatic (preferably) 
or locally advanced lesion and a blood sample for next-generation sequencing to obtain a mutational 
profile. Additionally, patients’ motivation, utility, QoL, productivity and informal care will be measured by 
means of standardized questionnaires for future research purposes by specific sites. 
 All research analysis not mentioned in the objectives will be considered specific research 
questions for which separate approval is required, as outlined in chapter 17. 
 
 The study is a Dutch multicenter study and will be executed in the University Medical Center of 
Utrecht, the Netherlands Cancer Institute - Antoni van Leeuwenhoek Hospital (NKI-AvL) in Amsterdam 
and the Erasmus MC Cancer Institute in Rotterdam and will include other Dutch academic and affiliated 
hospitals.  
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5 Patient selection  
 
Selection criteria, defined as inclusion criteria, are: 

1. Patients with the following locally advanced or metastatic cancer for whom a new line of theray is 
inidicated below  within 3 months after biopsy (see also table 2):  

-  All types of cancer: Immunotherapy (Anti-PD1/PDL1, Anti-CTLA4) 
- Metastatic Castration-Resistant Prostate Cancer (mCRPC): Hormonal therapy 

(Abiraterone / Enzalutamide) 
- ER positive Breast Cancer: Hormonal therapy (All HT including combinations with 

Everolimus and CDK4/6 inhibitors) 
- Renal Cell Cancer (RCC): Targeted therapy (VEGF targeted TKIs: Sorafenib/ Sunitinib/ 

Pazopanib/ Axitinib/ Levatinib/ Regorafenib/ Cabozantinib) 
- Hepatocellulair Cancer (HCC)/ Sarcoma/ Thyroid: Targeted therapy (VEGF targeted 

TKIs: Sorafenib/ Sunitinib/ Pazopanib/ Axitinib/ Levatinib/ Regorafenib/ Cabozantinib) 

Both standard of care treatment or treatment with these compounds within clinical trials are 
included. Patients with a planned inclusion in a randomized study in which the standard of care 
arm is a monotherapy PD1/PDL1 inhibitor are allowed, if the treatment is open-label. A CPCT-02 
biopsy may be combined with a diagnostic biopsy. 

2. Measurable metastatic or locally advanced lesion(s), according to RECIST 1.1 criteria18 (or RANO 
criteria if applicable). For breast and prostate cancer patients with bone only disease, no 
measurable lesions need to be present. Patients need to have evaluable disease, bone metastases 
that can only be detected on bone scans without CT/MRI or serum tumor marker will be 
considered inevaluable. Guidelines for response evaluation are given in appendix A and C. 

3. Metastatic or locally advanced lesion(s) of which a histological biopsy can safely be obtained. 
4. Patients age > 18 years, willing and able to comply with the protocol as judged by the investigator 

with a signed informed consent. 
 
 

Patients must meet selection criteria 3 not only prior to baseline biopsy, but also prior to the (optional) 
on-treatment and/or post-treatment biopsies. 
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6 Investigations and follow-up 
 

6.1 Baseline screening 

 
All patients should provide written informed consent before any study specific procedures are 
performed. Required baseline screening investigations after study enrollment (i.e. after written informed 
consent) are to be performed within 28 days before biopsy. Evaluations that have been performed within 
this period as part of standard of care will not have to be repeated. Baseline screening investigations 
include: 

 Written informed consent 

 Eligibility Screening Form 

 History: 
o Medical history (with special interest in previous malignancies and previous 

chemotherapy) and demographics 

 Pre-biopsy laboratory and physical examinations as per local guidelines 

 Radiological tumor assessment (contrast-enhanced CT or MRI) should only be performed during 
baseline screening if one of the following has not been established yet on a previous (recent) 
radiological evaluation: 

o Measurable metastatic or locally advanced disease (according to RECIST 1.1), with the 
exception of bone-only disease in breast and prostate cancer and response evaluation for 
patients with glioma (RANO criteria). For guidelines regarding response evaluation for 
patients with glioma (RANO criteria) refer to appendix A and for evaluation of bone-only 
disease refer to appendix C. 

o Safely accessible metastatic or locally advanced lesion(s) for biopsy 
o Baseline imaging studies should be done within 6 weeks before starting systemic 

treatment to allow for proper response evaluation. 
 
 

6.2 Study related procedures 

 
 Study related procedures include: 

 Histological biopsy of a (preferably) metastatic or locally advanced lesion (see CPCT-02 Lab 
Manual) for DNA sequencing: obligatory at baseline (pre-treatment), optional during and after 
treatment (on-treatment and post-treatment biopsies). Patients will be monitored in the hospital 
after biopsy according to local clinical protocol. 

 Additional blood sample (see CPCT-02 Lab Manual) for determining patient’s germline DNA 
background variation: obligatory at baseline only. 

 Optional blood sample for liquid biopsy (circulating tumor DNA) at baseline, during treatment and 
at disease progression (see Chapter 7.4). 

 Optional tissue biopsy of healthy tissue in selected patient groups (see CPCT-02 study manual) for 
correlation analyses between healthy and tumor tissue. 

 Optional questionnaires for patient by specific sites for patients’ motivation, utility, QoL, 
productivity and informal care 
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6.3 Follow-up 

 
  
For all patients the treatment regimen(s) after biopsy will be recorded. The follow up for treatment 
regimen(s) will be recorded until: 1) treatment switch without additional biopsy before new treatment; 
2) the decision to stop all systemic anti-cancer treatment or 3) death.  
 
 In general, for patients that undergo standard of care systemic anti-cancer treatment first treatment 
evaluation is after 8-12 weeks and every 12 weeks thereafter. The exact timing and method for disease 
assessment is depicted in the CPCT-02 Study Manual. Interval scans that are mandated by clinical 
decision making are allowed and shall be documented in the CRF.  After 1 year of systemic treatment 
evaluation intervals will be determined by the investigator. 
 
 If a patient undergoes another treatment, the patient can be asked again for further participation in 
the trial. With permission of the patient, more biopsies will be performed during the next treatment.  

 

6.4 Off trial 

 
Patients are considered off trial either 14 days after definitive discontinuation of the initiated systemic 
treatment (if patients refuse additional biopsy) or 48 hours after the final histological biopsy. 
Note that patients may undergo more than one treatment. 
 

6.5 Evaluability of patients 

 
Whether or not patients are evaluable for the primary and secondary endpoints differs between 
endpoints. For each endpoint evaluability criteria are established. 
 

6.5.1 Primary endpoint 

All patients who underwent the study related histological biopsy and blood sampling for DNA sequencing 
will be evaluable for the primary endpoint (i.e. Number of patients with adequate mutational profiles of 
their cancer genome and adequate follow up of systemic treatment efficacy.). 

 

6.5.2 Secondary endpoints 

6.5.2.1 Sufficient DNA for sequencing analysis 

Patients are evaluable for this secondary endpoint if study related histological biopsy and blood sampling 
for DNA sequencing was performed. Patients are non-evaluable though when study related biopsy 
samples had to be sacrificed for (prioritized) diagnostic reasons (see also Chapter 7.3 Storage of 
samples).  
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6.5.2.2 Adequate mutational profile that allows biomarker discovery. 

Patients are evaluable for this secondary endpoint if study related histological biopsy and blood sampling 
for DNA sequencing was performed. Patients are non-evaluable though when study related biopsy 
samples had to be sacrificed for (prioritized) diagnostic reasons (see also Chapter 7.3 Storage of 
samples).  
 

6.5.2.3 Database of all (coded) data 

All patients who underwent the study related histological biopsy and blood sampling for DNA sequencing 
will be evaluable for the primary endpoint (i.e. the percentage of patients enrolled in clinical intervention 
trials based on the mutational profile of their cancer genome). 
 

6.5.2.4 Differences in mutational profile between biopsies 

Patients are only evaluable for this secondary endpoint when on-treatment and/or post-treatment 
biopsies have taken place, as well as baseline histological biopsy and blood sampling. Patients are non-
evaluable though when baseline biopsy samples had to be sacrificed for (prioritized) diagnostic reasons 
(see also Chapter 7.3 Storage of samples).  
 

6.5.2.1 Sufficient Questionnaires for performing e.g. health economic or PROM research 

Patients are evaluable for this secondary endpoint when they have completed and returned the 
questionnaires at any given time point (T0,1,2,3) (see Chapter 2.4). However, it is preferable to have data 
of several time points to capture and study the outcomes over time.  
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6.6 Summary table 
 

Study assessments are summarized in table 3. 
 

 
  

                                                              Table 3: Study assessments 
 Baseline Treatment Additional  

biopsies 
(optional) 

After 
Treatment 

 
 

Baseline 
screening 

Study related 
procedures 

Recording 
clinical data   

On-treatment 
biopsy 

Study related 
procedures  

Post-treatment  
biopsy 

Study related 
procedures 

 
Day - 28 to -1 1  Y  Z  

Written informed consent a X       
Eligibility Screening Form X       
History b X       
CT/MRI c X  Xj,k     
Laboratory examinations d X  

 X  X  
Blood sample for germ-line DNA 
analysis e 

 X      

Histological biopsy metastatic 
lesion f 

 X  X  X  

Optional histological biopsy of 
healthy tissue h 

 X  X  X  

Optional blood sample for liquid 
biopsy (ctDNA)l 

 X   X X  

Follow up after biopsy   X g  X g  X g  
Optional questionnaires   

X m   X
m  X

m 
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Table 3: Study assessments (cont.)  

a 
Written informed consent must be obtained before any study specific procedures, including baseline screening assessments; 

b 
Including contraindications for study related procedures;  

c 
Not obligatory when measurable metastatic or locally advanced disease (according to RECIST 1.1) and safety of histological biopsy can be established on recent previous 

radiological assessments, however baseline tumor measurements should not be older than 6 weeks before start of systemic treatment;  
d  

Pre-biopsy laboratory examinations as directed per local institutional guidelines  
e 

1 x 10 ml CellSave blood (refer to lab manual);
   

f  
Only after establishing no contraindications for biopsy;

 

g 
Patients will be monitored in the hospital according to local protocol;

  

h 
Only in selected patient groups (as described in the CPCT-02 study manual) 

j 
Schedule of imaging assessment according to the CPCT-02 Study Manual , baseline evaluations should ideally be available up to 6 weeks before start of treatment; 

k 
Tumor assessments according to appendix C  should preferably be performed set intervals (as described in the CPCT-02 study manual)  for breast and prostate cancer 

patients with bone only disease that is not measurable according to RECIST; 
  

l 
Optional blood samples for liquid biopsy (ctDNA) are implemented for patients with certain treatments and tumor types (see CPCT-02 Study Manual); 

m
 Optional questionnaires should be collected on the following time points: baseline (T0), 3 months (T1), 6 months (T2) and 12 months (T3) after start treatment. 
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7 Study related procedures 
 

7.1 Blood samples for DNA sequencing 
 

A baseline blood sample (see CPCT-02 Lab Manual) for DNA sequencing will be taken preferably 
combined with baseline laboratory examinations. The blood sample will be used to determine the 
patient’s germline DNA background variation.  
 

 

7.2 Biopsy 

 

An assessment will be made on the availability of a safely accessible metastatic lesion. Only 
patients with a safely accessible lesion will be included. Histological biopsy will be performed 
according to local institutional guidelines. Registration is needed on which metastatic or locally 
advanced lesion the biopsy has been performed. In a selected patient group an optional tissue 
biopsy of healthy tissue will be performed for correlation analyses between healthy and tumor 
tissue (see CPCT-02 study manual). This is optional. At all time points (preferably) of tumor 
biopsy (pre-treatment, on-treatment, at tumor progression) the tumor biopsy can be combined 
with one optional biopsy of healthy tissue in this selected patient group (see CPCT-02 study 
manual). 
 

7.3 Storage and use of samples 

 
Blood and tissue samples will be stored  in UMCU temporarily. Thereafter these samples will be 
stored finally in the biobank at  the Netherlands Cancer Institute – Antoni van Leeuwenhoek. All 
samples will be coded by using a unique patient identification code (see also Chapter 13.8 
Confidentiality of patients). Data can be shared and combined with data from other research 
institutes or commercial (pharma) partners. The CPCT will ensure that all data will be coded by 
using an unique patiencct identification code, which these external research partners can not 
trace back to the individual patient.  
 Material of all blood and tissue samples  will be used for DNA isolation and sequencing. Any 
remaining tissue will be used for internal validation of the sequencing method and for future, 
directly related research. The directly related research includes, but is not limited to: proteomics, 
RNA sequencing and culturing cells to obtain organoid cultures.  

 
 
 If the study related biopsy procedure was combined with histological biopsy for diagnostic 
reasons, the CPCT biopsy samples will remain stored until diagnostic pathological assessment has 
been completed. When diagnosis cannot be assessed on the diagnostic biopsy samples, the CPCT 
biopsy samples will be pulled out of the study and will be used for diagnostics (which we prioritize 
for the patient’s wellbeing). In the unlikely event that even diagnostic assessment cannot be 
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completed on the CPCT biopsy samples, patients can be asked for renewed diagnostic biopsy 
combined with study related histological biopsy. 

 

7.4 Liquid biopsy (circulating tumor DNA)  

An optional blood sample for sequencing of circulating tumor DNA (ctDNA) will be taken at 
baseline, every 8-12 weeks during treatment and at disease progression. In selected patients, 
samples will also be taken at additional time points when relevant, for instance at tumormarker 
nadir, maximum tumor regression, or in the first months of treatment (see CPCT-02 Study 
Manual). Optional blood samples have a maximum of 1 sample per week (in first months of 
treatment) and a maximum total of 15 samples per year). Samples are preferably combined with 
baseline or routine laboratory examinations. The blood sample will for instance be used to 
determine the patient’s mutational profile in circulating tumor DNA. Not for all anti cancer 
treatments or tumor types ctDNA will be in place (also depending on finances). Patients for which 
ctDNA evaluation is possible are described in the CPCT-02 Study Manual. Depending on specific 
anti cancer treatments and tumor types, samples are send to the appropriate CPCT laboratories 
(for instance at the University Medical Center Utrecht, Netherlands Cancer Center - Antoni van 
Leeuwenhoek hospital or the Erasmus MC Cancer Institute) as described in the CPCT-02 Study 
Manual. 
 
 

7.5 Storage of questionnaires data  

 
Digital submitted questionnaires will be stored automatically at the database of the department of 
‘wetenschappelijke administratie’, at the Netherlands Cancer Institute – Antoni van Leeuwenhoek. 
Paper versions will be sent to the department of ‘wetenschappelijke administratie’ at the 
Netherlands Cancer Institute – Antoni van Leeuwenhoek as well, where they will be digitalized for 
future usage. All questionnaires are coded so that they cannot be linked to the patient. This data 
can be shared with other parties for future research purposes.  
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8 Next generation sequencing (NGS) 
 

 
NGS platforms allow us to resequence large regions of the human genome in a fraction of the time 
and costs compared to conventional Sanger sequencing approaches. The main limitation of 
Sanger-based sequencing protocols is the separate PCR-based amplification of each interesting 
region and sequencing of individual samples. Next-generation sequencing platforms are based on 
a single reaction amplification of single molecules and subsequent massive parallel sequencing of 
millions of molecules. Additionally, we are able to isolate specific regions of interest from genomic 
DNA samples before the sequencing reaction, thereby excluding the analysis of irrelevant genes or 
repetitive regions.  
 
 Obtained sequence data are processed using publicly available and custom made algorithms to 
identify genetic alterations. Additional filtering steps are applied to focus on those variants most 
likely affecting protein function, like non-synonymous-, splice-site- and nonsense mutations 
together with small insertions and deletions. We will also perform a signalling pathway analysis to 
identify those pathways with aberrant activity, opening up potential intervention strategies.   
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9 Statistical considerations 
 
There are no formal statistical considerations that underlie these sequencing efforts. Our primary 
endpoint is the number of patients with adequate mutational profiles of their cancer genome and 
adequate follow up of systemic treatment efficacy. We aim to determine the mutational profile of 
metastatic lesions in 500 patients a year. Since it is not possible to estimate the percentages of the 
various components of the process (depicted in Figure 2), we will report the percentage samples 
with sufficient DNA for analysis and the percentage of samples with an adequate mutational 
profile within three months after the first two hundred patients were subjected to a biopsy in any 
of the CPCT studies. We will also report the percentages of the various components of the process 
on a yearly basis to the METC.  
 
 Data obtained from the standardized questionnaires will be analyzed as guidelines prescribe25-

27. We will check the data for missing values and cope with them according to the norm of good 
practices. Total scores of the questionnaires will be calculated according to the corresponding 
guidelines. We will analyze the data for any trends over time within the patient population and 
search for potential differences within different subgroups. This process will make the data 
suitable for further statistical analyses that will be performed in future research. 
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10 Safety 
 
The risk of blood draws (laboratory examinations at baseline screening, as well as additional blood 
sample for DNA sequencing) is negligible. The risk of biopsies is considered low based on a 
literature review on the safety of tumor biopsies, depicted in Appendix B. All safety measures and 
procedures will be performed according to local guidelines. No (severe) adverse events are scored 
within this protocol. 
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11 Forms and procedures for collecting data 

11.1 Case Report Form (CRF) 

Data for this study will be captured via a, study specific, Electronic Data Capture (EDC) system / 
electronic Case Report Form (eCRF). 

11.2 Data flow 

The CRF must be completed by the investigator or assigned/delegated Local Data Manager as soon 
as the requested information is available. The relevant sections of the CRF should be completed 
within one month after the data are available. Moments of completing of the data in de CRF has 
been described in table 4. The list of staff members authorized to sign case report forms (with a 
sample of their signature) must be sent to the Central Data Center by the responsible investigator 
before the start of the study. In all cases the investigator remains responsible for the content of 
the completed CRFs.  

Table 4: Completing data input 
Moment of action 
Local Data Manager 

Filling in the following 
forms in CRF 

Comments Moment of action central 
data management 

 
By registration 

- Baseline (inclusion criteria, 
informed consent, 
demography, primary 
tumor, blood sample for 
DNA sequencing) 

Filling in all the available data 
during or soon after registration. 
The data should be filled in within 
one month. 
 

4  weeks after registration 

 
Biopsy result:  
 
 
  Biopsy is     
  evaluable 

- Previous therapy  
- Treatment after baseline 
biopsy (drug type & start 
date) 
- Biopsy 
- Evaluable yes  
 

 
 
 
 
The result of the biopsy will be 
available within two weeks. 
Previous therapy should only be 
filled in if the biopsy is evaluable. 

 
 
 
 
 
5 weeks after registration 

  Biopsy is not  
  evaluable 

- Biopsy 
- Evaluable no 

 
During treatment 
fase 

- Tumor evaluation 1 & 2 The measurement of  tumor 
evaluation 1 (baseline) can be 
filled in the CRF together with   
tumor evaluation 2,  if desired. 
The complete RECIST 1.1.  or 
RANO criteria measurements of 
these evaluations should be filled 
in the CRF.   

16  weeks after registration 

- Follow up tumor 
evaluations 

Only the responses following the  
RECIST 1.1. or RANO criteria 
should be filled in the CRF  

Every 16 weeks after the 
last tumor evaluation  

- On treatment biopsy If applicable  Not applicable 

 
End of treatment  

- Treatment after baseline 
biopsy  

“Death page” should be filled in 
after patient died.  

By end of treatment (will be 
available by checking the 16 
weeks tumor evaluation) 

 

 The monitor will perform source document verification as described in the monitoring plan 
(Chapter 12: Data Monitoring).  
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 The Central Data Center will check and process the answers from the investigator or Local Data 
Manger on automatically generated queries (those queries are generated “real time” along with 
data entry by the investigator or Local Data manager) from the eCRFs on a regular basis. Other 
irregularities found during this process will be queried as well. Those queries, attached to the 
corresponding eCRF page, must be answered by the investigator or Local Data manager within a 
reasonable time frame of 1 month. 

 

 When a CRF of a specific patient is complete and contains no inconsistencies or 
irregularities  the CRF will be considered “clean” and will be locked for data entry. 
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12 Data monitoring 
 

12.1 Risk classification and monitoring intensity 

 
Based on a literature review on the safety of tumor biopsies, the risk of biopsies is considered low 
with a small risk on significant/major complications (0 to 1.6%) or death (0 to 0.48%). The results 
of this literature review are depicted in Appendix B. The risk of blood draws for pharmacogenetic 
analysis is considered negligible. 
 
 Considering the guideline by the NFU (Dutch Federation of University Medical Centers) 
about quality insurance in human research (“Kwaliteitsborging van mensgebonden onderzoek”) 
and the adapted guideline by the UMC Utrecht (based on the NFU guideline), we qualify the risk of 
this study as ‘negligible’ (small chance of moderate damage). According to this negligible risk a 
‘minimally intensive monitoring’ is advised, which will be performed by a clinical research 
associate (CRA; monitor).  
 
 

12.2 Data verification, frequency of monitoring and reporting 

 
Data verification, the frequency of monitoring and the reporting of the monitor will be performed 
as described in the monitoring plan. 
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13 Ethics 
 

13.1 Local regulations/Declaration of Helsinki 

 
The investigator will ensure that this study is conducted to the standards of Good Clinical Practice, 
in full conformance with the “Declaration of Helsinki” (latest amendment), the Dutch laws and 
regulations and with the W.M.O. (“Wet Medisch-wetenschappelijk Onderzoek met mensen”) in 
particular.  

13.2 Informed consent 

Before patients agree to participation in this trial, they will be provided with written information 
(Patient Information Sheet). It is the responsibility of the investigator, or a person designated by 
the investigator, to obtain written informed consent from each subject participating in this study, 
after adequate explanation of the aims, methods, anticipated benefits and potential hazards of 
the study. Once the essential information has been provided to the patient and the investigator is 
satisfied with the candidate understanding of the implication of participating in this study, the 
subject will be asked to give consent by signing and dating the informed consent form in the 
presence of the (sub)investigator. The informed consent must be obtained before initiation of any 
study specific procedures, including specific screening procedures. Patients have the right to 
withdraw from the study at any time, without giving an explanation and without prejudice to their 
subsequent care.  
 
 The Informed Consent Form as well as the Patient Information Sheet must be prospectively 
approved by the Independent Ethics Committee/Institutional Review Board (IRB/IEC) and must be 
in compliance with Good Clinical Practice, local regulatory requirements and legal requirements. 
The investigator will retain the original of each subject’s signed Informed Consent Form. 

13.3 Risk and benefit statement 

Patients have a small chance of serious damage (as described in Chapter 10.1 and Appendix B), 
which requires patient commitment. It is our goal to enroll as many patients as possible into trials 
specifically designed to match the mutational profile found. As this methodology is experimental, 
we are currently unsure about the potential benefit patients can derive from this selection and we 
clearly emphasize the experimental nature of this protocol. We believe though that the possible 
benefits for the individual subjects as well as the general population are important as patient 
selection in oncology is a major issue. The only way to obtain possible predictive biomarkers 
(mutational profiles predicting response to chemotherapy) using DNA sequencing is to obtain 
material using a biopsy of the tumor itself. In our opinion the possible benefits outweigh the 
potential risk for the individual patients.  
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13.4 Patient communication 

 
We will clearly state in the patient information sheet that it is our goal to enrol as many patients 
as possible to match the mutational profile found to efficacy of treatment. As this methodology is 
experimental we are currently unsure about the potential benefit patients can derive from this 
selection and we will clearly emphasize the experimental nature of this protocol. Patients will be 
advised on the optimal treatment we feel can be derived from the results of their individual 
mutational profile if possible. Advancing insights on the interpretation of the mutational profile 
and possible consequences for the therapy choice may also be discussed with patients. 

13.5 Independent Ethics Committee/Institutional Review Board 

 
This protocol and any accompanying material provided to the subject (such as the Patient 
Information Sheet and Informed Consent Form) will be submitted by the investigator to an 
Independent Ethics Committee. Approval from the committee must be obtained before starting 
the study and should be documented in a letter to the investigator specifying the date on which 
the committee met and granted the approval. Any modifications made to the protocol 
(amendments) after receipt of the Independent Ethics Committee approval must also be 
submitted by the investigator to the Independent Ethics Committee in accordance with local 
procedures and regulatory requirements. The only circumstance in which an amendment may be 
initiated prior to IRB/IEC approval is when the change is necessary to eliminate apparent 
immediate hazards to the subjects. In this case the accrual of new patients will be halted until 
IRB/IEC approval has been obtained.  
 

13.6 Insurance 

 
All participating sites will have a liability insurance which is in accordance with article 7, subsection 
6 of the WMO.  
The participating sites also have an insurance which is in accordance with the legal requirements 
in the Netherlands (Article 7 WMO and the Measure regarding Compulsory Insurance for Clinical 
Research in Humans of 23th June 2003). This insurance provides cover for damage to research 
subjects through injury or death caused by the study for at least: 
 
1. € 650.000,- (i.e. six hundred and fifty thousand Euro) for death or injury for each subject who 
participates in the research;  

2. € 5.00.000,- (i.e. fivemillion  Euro) for death or injury for all subjects who participate in the 
research;  

3. € 7.500.000,- (i.e. seven million five hundred thousand Euro) for the total damage incurred by 
the organization for all damage disclosed by scientific research for the Sponsor as ‘verrichter’ in 
the meaning of said Act in each year of insurance coverage.  
 
The insurance applies to the damage that becomes apparent during the study or within 4 years 
after the end of the study 
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13.7 Independent physician 

 
In accordance with Dutch law and the W.M.O. for each center an independent physician who is 
not otherwise involved in this study and has agreed to act as the independent physician. The 
independent physicians will be available. Patients invited for participation will be offered the 
opportunity to gain further independent information on potential study participation. 
 

13.8 Confidentiality of patients 

 
All records identifying the patients will be kept confidential and will not be made publicly 
available. Strict measurements will be undertaken to protect confidentiality of DNA sequencing 
data. Study results and patient material (DNA sequencing results) will be processed using a unique 
patient identification code. Two separate databases will be installed; one database will contain the 
mutational profile of the tumor based on DNA sequencing data, as well as the unique patient 
identification code. The second database will contain the information reported in the CRF’s, as 
well as the unique patient identification code.  
 The principal investigators should keep a patient enrolment log showing personal identifying 
information. Principal investigators and authorized personnel (depicted in the authorization log) 
will have access to medical records. Access to medical records for verification and auditing 
purposes by the accredited METC, regulatory authorities (e.g. inspectors of the Dutch Health Care 
Inspectorate), auditors and monitors will be required and permission from each subject will be 
obtained as part of the consent process. 
 

 

 

14 Definition end of trial 
 
End of trial is defined as the time at which all patients are considered off trial, i.e. either 14 days 
after definitive discontinuation of the initiated systemic treatment (if patients refuse post-
treatment biopsy) or 48 hours after the final histological biopsy. 
 
 

15 Sponsorship statement 
 
This is an investigator-initiated trial and therefore the study coordinator is the investigator-
sponsor. To ensure compliance with the GCP-ICH guidelines the investigator-sponsor will contract 
a qualified person to monitor the study.  
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16 Publication of trial results 
 
Publication of trial results must be reviewed by the study steering committee of the CPCT (Center 
for Personalised Cancer Treatment) after completion of the trial or at any moment this committee 
deems publication advisable. All members of the writing committee will also be offered the 
opportunity of reviewing any publication. The order in which authors will be mentioned in 
publications will be determined by the study steering committee and the principal investigators.  

We foresee that the data acquired from this protocol will result in multiple publications. As 
described in the letter of intent signed at the foundation of the CPCT all sites will equally benefit 
from these data. Furthermore this protocol and the data that are captured will be used to support 
a database for systems biology enabling research. 
 
 

17 Use of CPCT-materials for specific research questions 
 
When material collected as part of this protocol CPCT-02 is to be used to investigate specific 
research questions. The materials will not be used beyond the scope of this protocol. The approval 
will be obtained according to the NKI AVL Biobank Regulations (“NKI-AVL Biobank Reglement”). 
Researchers together with the responsible CPCT researcher will submit a research proposal form 
to the Board of CPCT. Only materials which are available at the NKI-AVL can be used for the 
proposals. With the approved proposal form the researcher will be informed that the sample and 
data request can be submitted to the Institutional Review Board (IRB) by the procedure as 
described in the ‘NKI AVL-Biobank Reglement” . 

During the review, the Board of CPCT  will take the scientific value of the proposal into account 
and will judge if the proposal is in accordance with the rights and Broad Consent of the donors 
that originally donated their material to the CPCT-Biobank.  
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18 Appendices 
 

18.1  Appendix A: Tumor Evaluation Criteria 

 

18.1.1 RECIST-criteria, version 1.1 

 

A.1. Measurability of tumor at baseline 

 

At baseline tumor lesions/lymph nodes will be categorized measurable or non-measurable as 
follows: 

 

A.1.1.  Measurable lesions 

All measurements should be recorded in metric notation, using callipers if clinically assessed. All 
baseline evaluations should be performed as close as possible to the treatment start and never 
more than 4 weeks before the beginning of the treatment. 

 

Tumor lesions: 

Measurable tumor lesions are defined as those that can be accurately measured in at least one 
dimension (longest diameter in the plane of measurements is to be recorded) with a minimum size 
of: 

10 mm by CT scan (CT scan slice thickness no greater than 5 mm); 

10 mm caliper measurement by clinical exam (lesions which can not be accurately measured with 
calipers should be recorded as non-measurable; 

20 mm by chest X-ray 

 

Lymph nodes: 

To be considered pathologically enlarged and measurable, a lymph node must be > 15 mm in short 
axis when assessed by CT scan (slice thickness recommended no greater than 5 mm). At baseline 
and follow-up only the short axis will be measured and followed.  

 

A.1.2.  Non-measurable lesions 

All other lesions, including small lesions (longest diameter < 10 mm or pathological lymph nodes 
with > 10 to < 15 mm short axis) as well as truly non-measurable lesions. Lesions truly non-
measurable include: leptomeningeal disease, ascites, pleural or pericardial effusion, inflammatory 
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breast disease, lymphangitic involvement of skin or lung, abdominal masses/abdominal 
organomegaly identified by physical examination that is not measurable by reproducible imaging 
techniques.  

 

A.1.3.  Method of assessment 

The same method of assessment and the same technique should be used to characterise each 
lesion at baseline and during follow-up. Imaging based evaluation should always be done rather 
than clinical examination unless the lesion(s) being followed cannot be imaged but are assessable 
by clinical exam. 

 

Clinical lesions:  

Clinical lesions will only be considered measurable when they are superficial and P10mm diameter 
as assessed using callipers (e.g. skin nodules). For the case of skin lesions, documentation by 
colour photography including a ruler to estimate the size of the lesion is suggested. As noted 
above, when lesions can be evaluated by both clinical exam and imaging, imaging evaluation 
should be undertaken since it is more objective and may also be reviewed at the end of the study. 

 

CT/MRI: 

CT is the best currently available and reproducible method to measure lesions selected for 
response assessment. Measurability of lesions on CT scan is based on the assumption that CT slice 
thickness is 5mm or less. When CT scans have slice thickness greater than 5 mm, the minimum size 
for a measurable lesion should be twice the slice thickness. MRI is also acceptable in certain 
situations (e.g. for body scans). If there is concern about radiation exposure at CT, MRI may be 
used instead of CT in selected instances. 

 

A.2. Tumor evaluation 

 

A.2.1.  Assessment of overall tumor burden and measurable disease 

Overall tumor burden at baseline needs to be estimated to use as comparator for subsequent 
measurements to assess objective response or future progression. Only patients with measurable 
disease at baseline should be included in this protocol.  

 

A.2.2.  Baseline documentation of ‘target’ and ‘non-target’ lesions 

All measurable lesions up to a maximum of 2 lesions per organ and 5 lesions in total 
representative of all involved organs should be identified as target lesions and be recorded and 
measured at baseline. Target lesions should be selected on the basis of their size (lesions with the 
longest diameter), be representative of all involved organs and their suitability for accurate 
reproducible repeated measurements.  

 A sum of the diameters (longest for non-nodal lesions, short axis for nodal lesions) for all 
target lesions will be calculated and reported as the baseline sum diameters. The baseline sum 
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diameters will be used as reference to further characterize any objective tumor regression in the 
measurable dimension of the disease.  

 All other lesions (or sites of disease) should be identified as non-target lesions and can be 
recorded at baseline. Measurements for non-target lesions are not required and these lesions 
should be followed as ‘present’ or ‘absent’. 

 

18.1.2 Response evaluation for patients with glioma (RANO 
criteria) 

 

General method of response assessment 
 
Response to treatment is assessed on the basis of a set of target lesion(s) chosen before the first 
treatment administration (the complete list of target lesions must be reported on the initial 
measurement form before the start of treatment). These lesions must initially be measured in 
their two perpendicular dimensions, and these measurements must be repeated at each 
evaluation of the disease by the same method. Response evaluation is based on neuro-radiological 
imaging (MRI). For this protocol objective response (complete, partial response) and progression 
will be assessed by MRI. Objective response will only be assessed in patients not having undergone 
second surgery with complete removal of contrast enhancing lesions prior to study entry. For 
these patients measurable disease is required, which is defined as a clearly enhancing tumor with 
at two perpendicular diameters at entry equal or superior to 1 cm. 
The contrast enhancing area will be considered as the basis for the tumor size assessment. Tumor 
size is defined as the product of the two largest perpendicular diameters. Only reductions in cross-
sectional areas of 50% or more when calculating the response, the baseline scan must be used for 
initial comparison. In initially responding (≥ 50% reductions in cross-sectional areas) or stabilized 
(<50% reduction and < 25% increase in cross-sectional areas) patients, new scans must be 
compared to the nadir, this is the scan showing the maximum response (= minimum tumor size) 
during/after treatment. In assessing response, changes on T2 weighted images must be taken into 
consideration. For this protocol we are aiming at measuring quantitatively the FLAIR/T2 changes 
as well. 
 
Definition of target lesions 
 
Only the following lesions are eligible as target lesions: 
• MRI contrast enhancing lesions with two perpendicular diameters of 10 mm or more visible on 2 
or more axial slices which are 5 mm apart. 
• Target lesion(s) must be measurable in two perpendicular diameters. In most patients, only one 
lesion will be present. In case of multifocal disease, a minimum of 2 lesions and maximum of 5 
largest enlarging lesions will be chosen as target and the sum of the products of the perpendicular 
diameters will be determined.  
All other lesions than target lesions, if applicable, are assessed according to the same schedule. 
They are only taken into account in two situations: 
• If one of them clearly progresses, the overall response to therapy will be evaluated as 
"progression", independent of the response of target lesions 
• All lesions must have completely disappeared to report a "complete response". 
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Adequate investigations must be carried out at each evaluation of the disease to detect eventual 
new lesions. If any new lesion is found, the response will be evaluated as "progression". 
Regardless of the status of enhancing lesions, if progressive lesions are observed on T2 weighted 
images or FLAIR images, the patient will be considered radiologically progressive, but treatment 
may continue if this is considered to be in the best interest of the patient and there are no signs or 
symptoms of clinical progression. 
By definition, non-target lesions are those that do not meet the criteria for target lesion. 
 
Evaluation of patient treated after re-operation 
 
Postoperative changes on contrast enhanced neuro-imaging may interfere with disease 
evaluation. Within the first three days after surgery on MR imaging a thin linear enhancement may 
develop around the resection cavity, thereafter this enhancement may become thick and nodular. 
Enhancement of dura and meninges may be more pronounced, even within the first days. The 
postoperative linear enhancement may persist up to 3-6 months, dural and meningeal 
enhancement may last much longer. If MRI made within 48 hours after surgery shows enhancing 
lesions with a nodular or mass like appearance in areas showing tumor on the pre-operative scans 
this is highly suggestive of residual tumor. The use of diffusion weighted MR imaging in the 
immediate postoperative MRI may help with the identification of 
ischemic areas around the surgical cavity that may show enhancement with further follow-up. 
 
Schedule of disease evaluation 
 
The initial assessment of disease (including measurement of all target lesions) must be performed 
in the 4 weeks preceding start of study treatment. 
 
Response Assessment in Neuro-oncology (RANO) criteria [Wen, P.Y., et al., Updated response 
assessment criteria for high-grade gliomas: response assessment in neuro-oncology working group. 
J Clin Oncol, 2010. 28(11): p.1963-72.] 
 
RANO criteria were developed in response to the advances in imaging technology and current 
treatment practices in the era of anti-angiogenesis. The RANO criteria also place emphasis on the 
non-enhancing part of the tumor as shown on T2SE-weighted and FLAIR image sequences in 
contrast to the classical Macdonald criteria based on changes in area of enhancing lesions which is 
non-specific: the contrast area primarily reflects the passage of contrast material across the 
disrupted blood-tumor barrier. The standardized EORTC Brain Tumor Imaging Protocol may be 
used [Ellingson, B.M., et al., Consensus recommendations for a standardized Brain TumorImaging 
Protocol in clinical trials. Neuro Oncol, 2015. 17(9): p. 1188-98]. 
 
Definition of response 
 
For this trial, the primary measure of response and progression will be determined by the locally 
assessed response according to the modified RANO criteria. All treatment decisions should be 
based on the modified RANO criteria. Follow up assessments will be done using both Macdonald 
(T1 plus contrast) and modified RANO (while considering T2/FLAIR). Response and progression will 
be assessed by both sets of criteria. 
Target lesions are measured in their two largest perpendicular diameters. Their area is 
conventionally calculated as the product of these diameters. In case of multifocal disease with 
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more than one target lesion, the total tumor size is calculated as the sum of the area of all target 
lesions. 
Response is defined as follows according to the modified RANO criteria, which also consider T2 
weighted and FLAIR images: 
Complete response (CR): Requires all of the following: 1) Complete disappearance of all enhancing 
measurable and non-measurable disease; 2) No new lesions; 3) Stable or improved non-enhancing 
abnormalities on FLAIR/T2 images as compared to baseline 4) Patients must be off corticosteroids 
(or on physiologic replacement doses only) and stable or improved clinically. 
Partial response (PR): Requires all of the following: 1) Only reductions of cross sectional areas of 
50% or more will be considered a response; when calculating the response, the baseline MRI must 
be used for comparison ; 2) No progression of non-measurable disease; 3) No new lesions; 4) 
Stable or improved non-enhancing abnormalities on FLAIR/T2 images as compared to baseline 5) 
Patients should be on 
a corticosteroid dose that should not be greater than the dose at time of baseline scan, and should 
be stable or improved clinically. 
Progressive disease (PD): Is defined by any of the following: 1) ≥ 25% increase in sum of the 
products of perpendicular diameters of enhancing lesions (over baseline if no decrease) on stable 
or increasing doses of corticosteroids; 2) ≥ 25% increase in sum of the products of perpendicular 
diameters of area's with abnormalities on FLAIR/T2 images compared to the nadir time point 
(point with the smallest FLAIR/T2 abnormalities, even if still improved as compared to baseline, 
and on stable or increasing dose of steroids 3) The appearance of any new lesions; 4) Clear 
progression of non-measurable lesions; 5) Definite clinical deterioration not attributable to other 
causes apart from the tumor, or decrease in corticosteroid dose. 
If the evidence of PD is equivocal (target or non-target), treatment may continue until the next  
assessment, but if PD is confirmed at the next follow up, the earlier date must be used as the date 
of progression 
Stable Disease: This occurs if the patients did not qualify for CR, PR, or PD (see below) and 
requires: 1) No meaningful change in the appearance of the FLAIR/T2 images compared to 
baseline or to the nadir (point with the smallest FLAIR/T2 abnormalities) if a decrease occurred. 2) 
The patient should be stable clinically. In the event the steroid dosage has been increased for new 
signs and symptoms without confirmation of disease progression on imaging, and further follow-
up imaging shows that with hindsight this increase in steroids was indeed unequivocally needed 
due to disease progression, the date of progression will be the date steroids were increased. 
For patients operated at recurrence and without measurable or non-measurable disease post-
surgery, any new appearance of tumor will qualify for PD. In case non measurable tumor is left 
after surgery i.e. tumor less than 10 mm, unequivocal progression of non-target disease may be 
accepted as evidence of disease progression, where the overall tumor burden has increased 
sufficiently to merit discontinuation of treatment. Modest increase in the size of a non-target 
lesion is NOT considered unequivocal progression. If the evidence of PD is equivocal (target or 
non-target), treatment may continue until the next assessment, but if confirmed, the earlier date 
must be used as the date of progression. This implies that in case of gross total resection of the 
enhancing lesion, if at follow up minimal enhancement of unclear significance arises, treatment 
may continue until further follow-up gives unequivocal evidence of tumor follow-up. 
To ensure a homogeneous radiological evaluation, all MRI images will be centrally reviewed as a 
secondary analysis and specific study MRI protocol will be used. 
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 CR PR SD PD 

T1 gadolinium 
enhancing 
disease 

None ≥ 50% ↓ ≥ 50% ↓ but 

<25% ↑ 

≥ 25% ↑ 

T2/FLAIR Stable or ↓ Stable or ↓ Stable or ↓ ≥ 25% ↑ 

New lesion None none none present 

Coricosteroids None Stable or ↓ Stable or ↓ Not 

applicable* 

Clinical status Stable or ↑ Stable or ↑ Stable or ↑ ↓ 

Requirements 
for response 

All all all Any 

*increase in steroids alone does not qualify for PD 
 
Overall response 
The overall response is evaluated at each assessment of the disease. If PD exists in any lesion, or 
when a new lesion appears, then the overall result will be PD. Progression in non-measurable 
lesions leading to define deterioration of the patient due to tumor bulk should be taken to indicate 
progression, regardless of what happens in measurable disease. 
• Best overall response: best overall response is the best response designation recorded from the 
date of study inclusion until disease progression. 
• Objective response: objective response includes best overall responses CR and PR. 
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18.2 Appendix B: Safety of tumor biopsies 

 

B.1 Risk of tumor biopsies 

 
The results of a literature review on the safety of tumor biopsies are depicted in this table. 
 

Safety of tumor biopsies 

Author Study design 
No. of 

patients 
(pts) 

No. of 
biopsies 

(bps) 

Overall 
mortality 

Mortality in 
patients 

with 
malignancy 

Significant or 
major 

complications 
Pain Bleeding 

Complications 
associated 

with 
malignancy 

Myers, 
200819 

Retrospective 
review of 
records 

(Percutaneous 
liver biopsies)  

3627 4275 6 pts 
(0.17% of 
pts; 
0.14% of 
bps) 

6/? (total 
no. of pts 
with 
malignancies 
NR) 

32 ptsb 
(0.75% of all 
biopsies) 

22/3627 
(0.51%) 
requiring 
admission 

15/3627c 
(0.35%) 

15/32 (47%; 
HCC n=5; 
metastases 
n=10) 

8/15 (53%) 
bleeding had 
malignancy 

Appelbaum, 
200820 

Retrospective 
study 

(FNAB) 

208 208 
(408 
passes) 

0 0 0 10/208 
(4.8%) 
requiring 
analgetics 

0d 0 (176 
malignant 
tumors of 
which 128 
metastases) 

Thanos, 
200521 

Prospective 
study 

(18-gauge 
automated 
biopsy gun 

767 (2351 
passes) 

0 0 0 8/767 
(1.0%) 
had mild 
pain 
during 
biopsy 

1e NR  

(736/767 
malignant 
tumors; of 
which 193 
metastases) 

Terjung, 
200322 

Retrospective 
review of 
records 

574 629 3/629 
(0.48%) 

0 10/629 (1.6%) NR 72/629f 
(11.4%) 

7/79 (8.9%; 
HCC n=7/26, 
metastases 
n=0/53) 

McGill, 
199023 

Prospective 
recorded data 

9212 9212 10/9212 
(0.11%) 

7/1766 
(0.4%) 

22/9212 
(0.24%) 
hemorrhage 

NR 22/9212 
(0.24%) 
significant 
bleeding 

0.57% non 
fatal 
hemorrhage 
in cancer pts 
(2-6 x higher 
risk of 
bleeding than 
without 
cancer) 

Piccinino, 
198624 

Retrospective 
multicenter 
study 

NR 68276 6 pts 3 pts (total 
no. of pts 
with 
malignancy 
NR) 

NR NR 42/68276 
(0.06%) 

5/1755 
(0.28%) 

NR = not reported; a five pts died due to massive bleeding and one due to aspiration pneumonia and congestive heart failure; b 15/32 (47%) had 
malignancy; c 8/15 (53%) had malignancy; d not checked for subclinical hemorrhage; e one perihepatic hematoma; f symptomatic and 
asymptomatic 
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18.3 Appendix C: Response evaluation for patients with bone only 
disease 

 
 
Lytic bone lesions may be evaluable and should be evaluated using RECIST if significant soft 
tissue components are available. All evaluations based on tumor markers or circulating tumor 
cells will be called progression if more than 25% increase has occurred compared to the nadir 
value, with a mandatory confirmation of the progressive value after at least 4 weeks of 
additional treatment.  
 

C.1 Response evaluation for breast cancer patients with bone only disease 

 
All breast cancer patients with bone only breast cancer will undergo testing of known serum 
tumor markers (CA15.3 and others where available) or circulating tumor cells and positive markers 
will be followed at every disease evaluation time point. Patients that have a baseline CT or MRI 
will be followed using that modality at the given time points as defined for the treatment in the 
CPCT-02 Study Manual. Patients with disease only detectable with nuclear bone scans cannot be 
included due to lack of evaluable disease. 

 
C.2 Response evaluation for prostate cancer patients with bone only disease 

 
All prostate cancer patients with bone only prostate cancer will undergo testing of PSA at every 
disease evaluation time point. Patients that have a baseline CT or MRI will be followed using that 
modality at the given time points as defined for the treatment in the CPCT-02 Study Manual. 
Patients with disease only detectable with nuclear bone scans cannot be included due to lack of 
evaluable disease. 

 
C.3 Response evaluation for all other tumor types with bone only disease 

 

All patients with bone only cancer outside of breast cancer and prostate cancer that have a 
baseline CT or MRI will be followed using that modality at the given time points as defined for the 
treatment in the CPCT-02 Study Manual. Patients with disease only detectable with nuclear bone 
scans cannot be included due to lack of evaluable disease. 
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