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Unsolicited findings of next-generation sequencing for
tumor analysis within a Dutch consortium: clinical daily
practice reconsidered

Rhodé M Bijlsma*,1, Annelien L Bredenoord2, Christa G Gadellaa-Hooijdonk3, Martijn PJ Lolkema4,
Stefan Sleijfer4, Emile E Voest5, Margreet GEM Ausems6 and Neeltje Steeghs5

Cancer patients participating in studies involving experimental or diagnostic next-generation sequencing (NGS) procedures are

confronted with the possibility of unsolicited findings. The Center for Personalized Cancer Treatment (CPCT), a Dutch consortium

of cancer centers, is offering centralized large-scale NGS for the discovery of somatic tumor mutations with their germline DNA

as reference. The CPCT aims to give all cancer patients with advanced disease stages access to tumor DNA analysis in order to

improve selection for experimental therapy. In this article, our experiences at the CPCT will serve as an example to discuss the

ethical and practical aspects regarding the management of unsolicited findings in personalized cancer research and treatment.

Generic issues, relevant for all researchers in this field are discussed and illustrated by description of three patients faced with

an unsolicited DNA finding, while they intended to be candidate for future anticancer treatment by participating in a trial that

included NGS of both somatic and germline DNA. As options for DNA analysis expand and costs decrease rapidly, more and

more patients are offered large-scale NGS testing. After reviewing current recommendations in literature, we conclude that

classical informed consent procedures need to be adapted to become more explicit in asking patients if they want to be

informed about unsolicited findings and if so, what level of detail of genetic risk information exactly they want to be returned

after the analysis.
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INTRODUCTION

In the era of personalized cancer treatment, large-scale genetic analysis
of tumors is considered to be key for a better selection of patients for
an appropriate anticancer therapy. Owing to this development, cancer
treatment is moving onward from only organ based, one size fits all
medicine, to specific anticancer treatments based on specific somatic
genetic mutations.
With the rapid development of next-generation sequencing (NGS),

it is now possible and affordable to sequence individual genomes in a
short period of time to identify somatic genetic alterations.1

Being a powerful diagnostic tool, the introduction of NGS is
accompanied by ethical challenges. As it is still important to sequence
germline DNA, as well as tumor DNA, to identify true somatic tumor
DNA mutations in an individual patient, one of these challenges is
how to deal with genetic risk information that is inevitably generated
by these tests and which may have potential medical, psychological,
financial and social consequences.2 These genetic findings are also
challenging for laboratories performing whole-genome sequencing,
because many variants are not (yet) considered to be clinically
relevant. Only a minority of variants is of direct clinical importance
for patients and their family members.3

In some cases, the returning of genetic risk information after a NGS
procedure is essential because of the possible impact and challenges for

patients and their relatives. How this should be done is the subject of
an ongoing debate. Like others,4,5 we are convinced that we have the
responsibility to offer research participants the option to be notified of
findings that potentially affect a person's health or may prevent
significant harm.
The additional genetic information that is found in the search

for better selection of antitumor treatment has many different
annotations. Here we prefer the use of 'unsolicited' findings, because
this describes that this finding was discovered unintentionally, as a
by-product of a research question.6 However, the terms ‘secondary’
findings or ‘incidental’ findings are also widely used.
The Center for Personalized Cancer Treatment (CPCT) is a Dutch

consortium including the Netherlands Cancer Institute (NKI), 8
University Hospitals and over 10 large teaching hospitals in the
Netherlands. The mission of this consortium is to improve treatment
outcome and patient care in the field of oncology and avoid
unnecessary exposure to side effects. In particular, the CPCT aims
to give all cancer patients with advanced disease stages access to tumor
and germline DNA analysis in order to improve selection for therapy.
CPCT offers biopsies and sequencing in patients undergoing standard
of care targeted treatment to generate a database. From 2011 until
August 2015, we have taken tumor biopsies and blood samples of over
600 late-stage cancer patients over the past 3 years and NGS has been

1Department of Medical Oncology, University Medical Center Utrecht, Cancer Center, Utrecht, The Netherlands; 2Julius Center for Health Science, Department Medical
Humanities, University Medical Center Utrecht, Utrecht, The Netherlands; 3Department of Radiotherapy, University Medical Center Utrecht, Utrecht, The Netherlands;
4Department of Medical Oncology and Cancer Genomics Netherlands, Erasmus MC Cancer Institute, Rotterdam, The Netherlands; 5Department of Medical Oncology,
Netherlands Cancer Institute (Antoni van Leeuwenhoek), Amsterdam, The Netherlands; 6Department of Medical Genetics, University Medical Center Utrecht, Utrecht,
The Netherlands
*Correspondence: Dr RM Bijlsma, Department of Medical Oncology, UMC Utrecht Cancer Center, Q05.4.300, PO Box 85500, 3508 GA Utrecht, The Netherlands.
Tel: +31 88 75 562 65; Fax: +31 88 75 555 57; E-mail: r.m.bijlsma@umcutrecht.nl
Received 17 September 2015; revised 11 January 2016; accepted 10 February 2016; published online 13 April 2016

European Journal of Human Genetics (2016) 24, 1496–1500
& 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 1018-4813/16

www.nature.com/ejhg

http://dx.doi.org/10.1038/ejhg.2016.27
http://www.nature.com/ejhg


performed in 4370 tumor samples. The occurrence of unsolicited
findings has proven to be not hypothetical, which was shown recently
by findings in three patients who urged us to revisit the CPCT policy
regarding disclosure of genetic risk information. In this article, our
experiences at the CPCT will serve as an example to discuss the ethical
and practical aspects regarding the management of unsolicited findings
in personalized cancer research and treatment. This may also guide
other consortia when setting up NGS testing.

NGS at the CPCT
The CPCT offers large-scale NGS-based tumor diagnostics as of 2011.
First, a comprehensive test for ‘actionable’ mutations based on the
IonTorrent Personal Genome Machine (Life Technologies, Carlsbad,
CA, USA) and Illumina MiSeq (Illumina, Hayward, CA, USA) has
been adapted, which covers hotspot mutations in oncogenes and
complete coding sequences of tumor suppressors but also allows for
the detection of relevant copy number amplifications. This was offered
as a diagnostic test. Second, we offered a so-called targeted mini-
cancer genome sequencing panel, involving approximately 2000
cancer-related genes. As sequencing output is increasing and running
costs are decreasing, we have recently moved toward whole-exome
analysis. For correlation purposes to identify true somatic mutations,
both tumor and germline DNA are sequenced on the same panels.
In the near future, whole-genome sequencing will be implemented.

METHODS

Unsolicited findings and the CPCT disclosure policy
Patients who undergo tumor biopsies for NGS within the CPCT consortium,
all have advanced staged cancer. Our procedure is visualized in Figure 1.

Main selection criteria are: age ≥ 18 year, locally advanced (irresectable) or
metastatic cancer from a solid tumor, indication for systemic treatment with
anticancer agents, evaluable disease (by for instance radiological imaging,
physical examination and/or blood tumor marker), safe biopsy of a metastatic
or locally advanced lesion possible, expected adequacy to follow-up and a
written informed consent.
First, the treating medical oncologist will refer his or her patient to a CPCT

investigator at the local institute. This CPCT investigator is a physician and
preferably someone else than the patient’s own medical doctor to reduce the
therapeutic misconception, which occurs when someone misunderstands the
distinction between the aims of a scientific study and clinical care.7 Then,
the CPCT investigator informs the patient about the aims of the intended
study, the study-related procedures (including the biopsy procedure and blood
draw to obtain tumor DNA, as well as germline DNA) and the possibility of
discovering unsolicited genetic findings. After the patient has had a reasonable
time to consider participation in a NGS procedure, patients willing to
participate sign informed consent. After written informed consent is obtained,
the CPCT investigator subsequently initiates baseline screening to determine
CPCT study enrollment. After definite trial inclusion, a blood sample and
a biopsy from a metastatic lesion are taken, both as part of the CPCT study-
related procedures. Snap-frozen biopsy material and blood samples are
transported to the central core facility at the department of Pathology at the
University Medical Center Utrecht for centralized histological assessment and
DNA analysis. DNA sequencing and variant reporting is performed in the
ISO15189-certified genome diagnostics lab of the Medical Genetics Depart-
ment. Reliable genetic variants are reviewed in a multidisciplinary team
involving CPCT investigators, bioinformaticians, pathologists, medical oncol-
ogists, molecular geneticists and clinical geneticists to discuss possible action-
able somatic mutations. This information is then reported back to the treating
medical oncologist in order to inform their patients about potential treatment
options. Patients with subsequent identified unsolicited findings are offered
a referral to a clinical geneticist for further counseling and validation of the
genetic variant in a second blood sample. This second blood sample is then
analyzed in the DNA diagnostic laboratory of a Clinical Genetic Center.
Before 2014, if the patient consented to be informed about unsolicited

findings which could lead to an increased risk of the development of cancer in
their relatives, these (germline) findings were to be disclosed by their treating
medical oncologist during a consultation. The policy of the research ethics
committee (REC) regarding the return of research results, however, has been to
return clinically relevant and actionable unsolicited findings from studies,
genetic findings included. Participants who do not want to receive these results
were excluded from participation in order to prevent the researcher facing
a serious dilemma when confronted with imaging findings or genetic risk
information that may be of interest to the participant. Therefore, we amended
the study protocol and informed consent forms in 2014 in order to align to the
REC policy.
Hence, an opt out option is no longer available. Patients who do not want

their genetic risk information returned, currently have to decide either not to
participate in the trial or to consent with receiving unsolicited findings.
Currently, the suitability of this disclosure policy is under discussion, as the
emergence of NGS has changed the circumstances under which many
disclosure policies were designed.8

RESULTS

From January 2011 until August 2015, 3 out of 376 patients
participating in CPCT trials were confronted with unsolicited findings
derived from a NGS procedure of their tumor biopsies with matching
germline blood samples. They participated in the NGS procedure with
the hope that possible genetic information could be identified as
a target for anticancer drugs, which would allow specific treatment
options. All three gave informed consent when an opt out on the
return of unsolicited findings was available. Until August 2015, a total
of 376 patients signed informed consent and underwent tumor biopsy.
Table 1 shows the characteristics of 185 patients whose tumor biopsies
are already sequenced.

Medical Oncologist refers patient to CPCT
investigator 

CPCT investigator informs patient about
study and CPCT procedure 

CPCT investigator infoms patient about
possible unsolicited findings 

CPCT investigator and patient sign informed
consent form 

NGS procedure

Multidisciplinary expert board discusses
actionable mutations 

NGS report, including unsolicited findings,
send to Medical Oncologist 

Figure 1 The CPCT NGS procedure.
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The first patient with ovarian cancer participated in a CPCT study
and underwent a tissue biopsy to retrieve tumor material and a blood
draw for germline NGS testing. A germline BRCA2 1-bp deletion was
reported. Patient had consented to be informed about possible
unsolicited findings arising from the NGS procedure and was
informed about the results by her medical oncologist. An appointment
with a genetic counselor was made. The germline BRCA2 1-bp
deletion was confirmed with a second specific and validated test in
DNA extracted from a new blood sample. Patient 1 was relieved to
hear the cause of her illness and immediately informed her family
members and encouraged further investigations. She did so because
she felt the urge to warn her relatives for the risks of breast and
ovarian cancer. Recently, her daughter, who opted for predictive DNA
testing and was diagnosed a mutation carrier too, has undergone
prophylactic mastectomy to reduce her risk of breast cancer. At the
time patient 1 was sequenced, in the Netherlands, screening for BRCA
mutation was not routine for ovarian cancer patients. This patient was
the first person in her family to be diagnosed with ovarian cancer; no
family members with breast cancer were known and because of her
age at diagnosis (above 60) she was not routinely referred for a
diagnostic BRCA testing. As this BRCA mutation would not have been
detected if she had not participated in this study, we consider this an
unsolicited finding.
At this moment, patient 1 has stable disease after her first-line

chemotherapy. Once disease progression occurs, she will be eligible for
poly (ADP-ribose) polymerase inhibition.
The second patient with metastatic breast cancer participated

in screening for the CPCT phase 1 trials. A blood draw and tumor
biopsy for NGS were subsequently performed. The NGS results
showed a p16-Leiden mutation associated with Familial Atypical
Multiple Mole Melanoma (FAMMM) syndrome. The germline muta-
tion was confirmed and patient was informed. We do not know if this
patient has informed her relatives about the FAMMM syndrome,
which is unrelated to the patient's breast cancer. This patient did not
attend the appointment we arranged with our clinical geneticist.
No further treatment options were available for this patient with an
expected survival of just a few months. She interpreted the results

as just another cancer-related ‘symptom’ without feeling the necessity
of further investigations or counseling. However, FAMMM syndrome
may have serious consequences for family members, as this syndrome
presents with life-threatening diseases, such as melanoma and
pancreatic cancer. Patients carrying the p16-Leiden mutation qualify
for regular surveillance to detect melanoma or pancreatic cancer at an
early stage.
The third patient was diagnosed with a melanoma. He participated

in a CPCT study to reveal whether he would be a candidate for future
anticancer treatment with selective inhibitors of mutant BRAF V600E.
A BRCA 2 missense mutation was discovered by NGS. Unfortunately,
the patient died before genetic results were available. After validating
this missense mutation, we could re-classify this missense mutation as
a variant of unknown significance.

DISCUSSION OF CURRENT RECOMMENDATIONS IN THE

LITERATURE

Consensus now emerges that genetic risk information should be
returned to patients9 but disagreement exists what results should be
communicated, how and by whom and to who. With the rapidly
expanding use of NGS procedures generating large amounts of genetic
data, informed consent procedures become increasingly important,
but at the same time very challenging. Our recent experiences show
that the return policy of unsolicited findings is of utmost importance
to integrate in the NGS procedure. The question how, to who, by
whom and which genetic risk information should be returned to
patients is a very real one, which is expected to become more
important. Our own experiences and discussions are reflected in
ongoing international debates.
First, there has been an ongoing debate regarding the appropriate

type of informed consent for NGS, including both the content and the
procedure. Although the majority of experts state that the option to
refuse genetic results should be addressed at the time of the informed
consent, recently there are suggestions that patients should be able to
reconsider their choices.10 This means patients do not have to follow
through on their earlier decisions. There is, in other words, a growing
plea for facilitating the ongoing changing mind of participants during
the study and after signing the informed consent form. This so-called
‘dynamic consent’ provides additional functionality to allow ongoing
engagement and maintenance of research participants’ consent
preferences.10,11

Overall, the informed consent process and informed consent
form should clarify the circumstances in which a patient may be
re-contacted in the future. A topic for further debate is whether
professionals should actively contact participants when new findings
are found.
Second, there has been debate how patients should be informed.

Several authors proposed to experiment with novel types of consent,
among which tiered consent.2,12–15 A tiered consent will give the
participant a set of choices or well-defined packages (see for example,
Table 2) and allows the participant to choose, so it gives the patient
greater control over the potentially available information.12,13

These predefined options could consist, for example, of a default
package and several optional packages.2,16 The default package
contains actionable information that is highly relevant for the patient,
like directly life-saving information or information indicating serious
health problems. The optional packages may include data of moderate
clinical validity, or a package with reproductive information or data of
‘personal or recreational’ interest. In our consortium, optional
packages are not yet offered, but we currently perform an empirical
ethics study to test the suitability of such a disclosure policy.

Table 1 Patient characteristics

Total patients sequenced in August 2015 n=185

Age 63 (33–89) years

Gender
Male 103 (55.7%)

Female 82 (44.3%)

Ten most common cancer diagnosisa

Melanoma 31 (16.8%)

Colorectal 29 (15.7%)

Breast 23 (12.4%)

Sarcoma 9 (4.9%)

Liver 8 (4.3%)

Kidney 8 (4.3%)

Esophageal 8 (4.3%)

Pancreatic 7 (3.8%)

CUP 7 (3.8%)

Lung 5 (2.7%)

Other cancer diagnosis 50 (27.0%)

aAll patients are advanced staged cancer patients.
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Third, there has been debate what genetic information should be
returned and how the family should be involved. The American
Society of Clinical Oncology (ASCO) and the American Society of
Human Genetics (ASHG) stimulate health-care professionals to
inform patients about the potential for genetic risks to their relatives.
Also the CPCT, as well as other research groups are concerned with
the question how this can be addressed appropriately. Our first patient
encouraged her oncologist to further investigate her incidental finding,
as she felt a responsibility for her family members.
Another family matter, postmortem disclosure of NGS results,

should be taken into account as well, particularly in the context of
cancer,17 as is sadly illustrated by our third case who died before
genetic results were available.
Fourth, there has been debate when patients should be informed

about the possibility of unsolicited findings. Within our consortium,
patients are informed beforehand about the possibility of unsolicited
genetic risk information. Initially, they are briefly informed by their
own medical doctor, and later by the CPCT investigator involved in
the biopsy procedures. In other institutes, for example at the
University of Michigan, all patients undergoing NGS procedure of
their tumor had to meet with a genetic counselor before consenting to
genomic analysis.18 This may have been preferable in our second
patient. She did not feel the necessity of further investigations or
counseling concerning her unsolicited finding. Counseling by a genetic
counselor in advance of her NGS procedure could possibly have
altered her attitude toward receiving genetic information, so she could
have opted out for results not directly associated with her current
threatening diagnosis before the NGS procedure was performed.
However, doing so in all patients eligible for NGS testing would be
a large burden for both patients and professionals, as the vast majority
of cases will have no unsolicited findings at all.
Fifth, there has been debate whether patients should have the option

to opt out from receiving genetic results. The American College of
Medical Genetics and Genomics (ACMG) recommends a broader
obligation to returning genetic information: they suggest a minimum
list of 56 genes that should be routinely reported to the ordering
clinician. In 2013, the ACMG recommended that these findings
should be reported without asking upfront preferences from the
patient and family and without considering the limitations associated
with patient’s age.19 This ACMG policy statement sparked intensive
discussions and was considered controversial because it could affect
patients’ autonomy and their potential interest in not knowing this
genetic information. As a result, this policy statement is now
withdrawn and the option to opt out is added. To opt out means

that patients should have the option to refuse the return of genomic
test results, both those related to the study purpose and those that are
unsolicited findings, unless the study aims are related to the return of
these data. Although we assume that the majority of patients are
willing to receive not only the default package but also additional
packages, which is confirmed in studies as well,20 patients do not have
an obligation to learn genetic information. Patients who are contacted
regarding such results should have the right to decline receiving those
results.21 We earlier recommended to always allow an opt out for
patients who participate in genome studies for receiving genetic
information, also in case of unsolicited findings arising from the
default package.8 If an opt out was offered, our second patient had had
the option to opt out for return of results except those relevant for her
current breast cancer treatment.
Finally, we have to consider how family members should be

involved. In our study, this is highly relevant as we are dealing with
patients with advanced malignancies with sometimes short life
expectancies. This may result in difficult situations when one should
decide whether and by whom the family members should be informed
about discovered unsolicited findings, after the participant is deceased,
which is particularly relevant for highly penetrant, dominant genetic
mutations.17 As a default, Boers et al propose a passive disclosure
under at least three conditions. First, before the NGS procedure,
patients should be counseled on the familial importance of genomic
information and about possible postmortem disclosure to relatives.
Second, an appropriate procedure for informing and counseling
relatives should be agreed upon before implementing NGS. Finally,
there should be agreement on the selection of results, including those
of immediate clinical significance, which are eligible for postmortem
disclosure to relatives. Debate is necessary on whether and when and
by active disclosure is more appropriate, and also by whom this should
be done: family members or professionals?17 Ormondroyd et al22 also
describe a role for genetic counseling services, they concluded that
genetic counselors should be involved instead of family members of
deceased persons and inform relatives about genetic risk information.
Empirical research recently observed that patients who participate

in trials are highly motivated to learn results and that there are
numerous medically actionable results that could be derived from
whole-exome sequencing and whole-genome sequencing.23–25

Stimulating the development of educational materials that clearly
communicate disease associations or the development of decision tools
for patients and physician’s is an open research field.14,26 Further
research is needed to compare different ways of disclosing results, also

Table 2 Four categories of possible NGS test results (Bredenoord et al, 2011)

Category 1 Category 2 Category 3 Category 4

A gene variant that predisposes you to a

disease that can be prevented or treated.

A gene variant that predisposes you to a

disease that cannot be prevented or

treated.

A gene variant that does not affect your

own health, but that may be important to

the health of your other relatives, such as

your children or future offspring.

Uncertain gene variants, meaning they

may or may not be important to your health

or the health of your relatives.

Example: you have a gene variant, which

means you are much more likely to

develop breast cancer. In this case, we

may recommend that you more closely

monitor your breasts or have prophylactic

surgery.

Example: you have a gene variant,

which implies that you are more likely

to develop Alzheimer’s disease. Alzhei-

mer’s disease cannot be treated or

prevented.

Example: you could learn that you have a

variant in the gene that may cause cystic

fibrosis (CF) in future offspring, if the

father would have this variant in his gene

too.

Example: you have an so-called unclassi-

fied variant, which implies you do have a

variant, for example, for an increased risk

of breast cancer but the significance is

unknown.
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from patients’ perspective and preferences in this field of rapid
evolving NGS strategies in daily practice.

CONCLUSIONS AND IMPLICATIONS FOR CLINICAL PRACTICE

As NGS has become part of the current diagnostic armamentarium,
there is a need to explicitly inform patients about possible unsolicited
findings. The question how, to who, by whom and which genetic risk
information should be returned to patients is a very real one, which is
expected to grow because of the rapid developments in NGS. In our
experience, at least 1% of patients (3 out of 376) had unsolicited
findings. These unsolicited findings have to be confirmed by
a validated test and patients should be counseled by a genetic
counselor. Informed consent procedures need to be more explicit in
asking patients if they want to be informed about unsolicited findings
and what genetic risk information exactly they want to be returned.
For our CPCT consortium, and centers alike, a tiered informed
consent, offering predefined packages can be used with options for
patients to opt in and opt out for the return of unsolicited genetic
results. More research, especially toward the needs and preferences of
patients concerning the return of genetic risk information is needed.
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