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Stefan Fröhling f,g, Verena I. Gaidzik h, Hanno Glimm i,j,k,l,
Ulrich T. Hacker m, Volker Heinemann a, Anna L. Illert n,o,
Ulrich Keilholz p,q, Thomas Kindler r, Martin Kirschner s,
Bastian Schilling t,u, Jens T. Siveke v,w, Thomas Schroeder x,
Verena Tischler y, Sebastian Wagner z, Wilko Weichert aa,ab, Daniel Zips ac,
Sonja Loges b,**, Working Group Molecular Diagnostics and Therapy1
a

Department of Internal Medicine III, University Hospital, LMU Munich and Comprehensive Cancer Center, Munich,
Germany
b
University Comprehensive Cancer Center Hamburg, Department of Oncology, Hematology with Section Bone Marrow
Transplantation and Pneumology, University Medical Center Hamburg-Eppendorf, Germany
c
Institute of Pathology, University Hospital of Cologne, Cologne, Germany
d
Network Genomic Medicine, Cologne, Germany
e
Center for Integrated Oncology Köln Bonn, Cologne, Germany
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Abstract Precision cancer medicine (PCM) holds great promises to offer more effective therapies to patients based on molecular profiling of their individual tumours. Although the PCM
approach seems intuitive, multiple conceptional and structural challenges interfere with the
broad implementation of PCM into clinical practice. Accordingly, concerted national and international efforts are needed to guide the further development and broad adoption of PCM in
Germany. With support of the ‘German Cancer Aid’ (Deutsche Krebshilfe [DKH]) a task
force ‘Molecular Diagnostics and Therapy’ was implemented. In two workshops supported
by the DKH, delegates from the fourteen comprehensive cancer centresidentified key topics
essential to implement quality-guided, harmonized and adaptable PCM. Based on an online
questionnaire and using a modified Delphi approach, nine statements were drafted and evaluated within the group. These statements could serve as a basis to define a collaborative strategy for PCM in the future with the aim to sustain and further improve its quality.
ª 2020 Elsevier Ltd. All rights reserved.

1. Introduction
Based on molecular tumour profiling, precision cancer
medicine (PCM) aims to identify tumour-specific alterations to offer patients tailored, more effective and safer
treatments. This concept has seen remarkable successes
in various malignancies, such as the implementation of
tyrosine kinase inhibitors in the therapy of chronic
myeloid leukaemia or of HER2 antibodies in the treatment of breast cancer. Consequently, these results have
fuelled optimism that this therapeutic concept can be
delivered to the majority of cancer patients. Furthermore, with the increasing use of high-throughput nextgeneration sequencing in oncology, molecular profiles of
tumour tissue become increasingly available raising the
hope to obtain meaningful and applicable information

for our patients. However, a number of significant
challenges are to be considered with regards to PCM.
These challenges are complex and wide ranging and
include lack of evidence and knowledge, reimbursement
issues and missing access to targeted agents. Overcoming these challenges on a local, national and international level will decide on the success or failure of
PCM.
In Germany, PCM is mainly practiced at academic
institutions. However, national harmonization efforts
are starting but are still fragmented. To facilitate exchange between academic centres and to devise a strategy for the future directions of PCM in Germany, a task
force ‘Molecular Diagnostics and Therapy’ within the
framework of the Deutsche Krebshilfe (DKH) supported
comprehensive cancer centres (CCCs)-Network was

B.C. Westphalen et al. / European Journal of Cancer 135 (2020) 1e7

established. Based on an online questionnaire, this task
force defined challenges required to be addressed for
successful implementation of PCM. During two workshops, these challenges were discussed within the group
and the general framework for a consensus paper was
defined. In total, nine statements covering various aspects of PCM were drafted and distributed within the
group. Using a modified Delphi approach, these statements were refined within a stepwise procedure and
consented by the members of the group. These nine
statements are presented and discussed here to constitute a framework for future activities and to guide broad
clinical implementation of PCM in Germany.

2. Methods
Following the first workshop, an online questionnaire
consisting of thirty items was devised to define the current status and the challenges encountered in the PCM
programs of the fourteen German DKH CCCs. Based
on the answers of the participants, six overarching
topics were defined highlighting major challenges in
PCM:
1. Integration of molecular profiling into clinical practice
2. Definition of actionable targets and harmonization of
reporting
3. Composition and tasks of a ‘Molecular tumour board’
(MTB)
4. Access to therapies and implementation of treatment
recommendations
5. Structured collection of clinical data and clinical follow-up
6. Financial compensation of molecular diagnostics and
therapy

These six topics were consented within the group
during the second presence workshop. As a next step, a
total of nine statements focussing on different aspects of
the core topics were drafted. These statements were
again distributed in the group. Members of the group
could add comments, accept or dismiss statements.
Following a modified Delphi-process, statements were
deemed as accepted if  80% of the participants agreed
with a statement. During the first round, five of nine
statements were accepted with minor changes. Accordingly, four statements were adjusted, sent for a second
round of reviews and subsequently consented by the
group.
Statement 1 e chances and limitations of comprehensive
genomic profiling (education)
‘Treating physicians should be aware of the chances and
limitations of current diagnostic modalities to offer the right
testing to their individual patients and communicate them
clearly. Proper measures of education should be offered in
this regard.’

3

PCM is a rapidly evolving field. This is true for both
technical, as well as medical advances. The complexity
of comprehensive genomic testing and the potential
therapeutic consequences pose new challenges to the
treating physician: (i) PCM frequently operates outside
of the classical concept of histology-driven therapies
based on large-scale clinical trials [1,2]; (ii) only a proportion of mutations identified so far have functional
data suggesting that serve as therapeutic targets, (iii)
interpretation of results often requires detailed knowledge of molecular alterations in the context of a given
malignancy; and (iv) molecular oncology is not sufficiently covered by curricula of medical schools.
Accordingly, physicians are not prepared to interpret
test results and draw adequate therapeutic conclusions
[3]. Consequently, misinterpretation of molecular results
carries a risk of incorrect treatment decisions [4]. In
PCM, the need for interdisciplinary teamwork is more
evident than ever to ensure proper integration of medical and scientific knowledge into patients’ management.
In the future, medical school will need to integrate
molecular oncology into their curricula to prepare
young doctors for the challenges ahead [5].
Statement 2 e cooperation of treating physicians and
pathologists
‘Treating physicians should cooperate with molecular pathologists to guarantee availability of state-of-the-art molecular tumour profiling.’

PCM strongly relies on the cooperation between
different specialities. In recent years, academic pathology, as well as hematology/medical oncology have been
instrumental in developing and refining the methodological tools constituting the basis for molecular tumour
profiling. Progress in molecular pathology is fast and
leads to a rapid improvement of availability, broadness
and sensitivity of testing. This leads to a considerable
change in the classic role of the pathologist towards
molecular pathology [6]. As mentioned above, the
landscape of medical oncology is changing. Novel
therapeutics linked to specific genomic alterations in
ever smaller subgroups are rapidly evolving and may
have a dramatic impact on the course of disease across
different entities [7,8]. Accordingly, medical oncologists
and pathologists need to work together to assure the
profit of their patients from the rapid progress in both
fields. Only a close cooperation will guarantee availability and clinical translation of comprehensive state of
the art diagnostics to identify alterations that could
change the therapeutic management of patients or allow
for inclusion into a molecularly stratified clinical trial.
Statement 3 e reporting of testing results
‘Cancer centers should consent a harmonized reporting of
genomic alterations.’

4
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To facilitate harmonization of PCM across centres, a
crucial step is the implementation of a common
reporting of results from comprehensive genomic
profiling. Ideally, reports from (molecular) pathology
distinguish between known pathogenic and (likely)
benign conditions and variants of unknown significance
and provide information of clinical significance of the
alterations reported. In this area, knowledge is continuously evolving. Accordingly, the continuous update,
curation and validation of variants in the respective
databases are of utmost importance. Harmonized
reporting algorithms will allow an exchange of reports
between centres and will support documentation in
shared clinico-genomics databases (see in the following
context).
Statement 4 e clinical implications of comprehensive
genomic profiling
‘Clinical implications of genomic and transcriptional alterations should be consented by (molecular) pathologists and
clinicians. Additional support can be provided by bioinformaticians as well as geneticists where needed. This
should preferentially be realized in dedicated interdisciplinary
MTBs and by development of an evidence framework supported by prospective data collection, clinical-molecular
registry approaches and early clinical trials.’

A major challenge in PCM is insufficient evidence
that treatment decisions based on comprehensive
genomic profiling lead to a meaningful clinical benefit in
patients [1,2]. To critical assess the (potential) pathogenic role [9] of a given genomic alteration, its druggability/actionability
and
the
resulting
clinical
implication, different classification systems have been
proposed [10e15]. However, interchangeability across
different systems is limited and there is no general
consensus on which system to use. In fact, a recent international survey found significant heterogeneity not
only with regard to the assessment of genomic alterations as actionable but also with regards to treatment
recommendations across different academic MTBs [16].
To allow for a more comparable and systematic conduct
of PCM, centres should try to consent harmonized approaches to clinically grade genomic alterations and
issue treatment recommendations. In the future, the
implementation of functional testing to prioritize molecular targets and treatments could be considered to
complement PCM programs [17]. Treatment should
preferentially be conducted within molecularly stratified
clinical trials to fill existing knowledge gaps and collect
data in a structured and sustainable fashion.
Statement 5 e composition of a MTB
‘To provide greatest effectiveness, MTBs need to follow
clearly stated infrastructural requirements, which allow
harmonization across different cancer centers. As a minimal
requirement, MTBs shall include a molecular pathologist, the

treating oncologist (e.g. from the fields of hematology/medical oncology, dermato-oncology, neuro-oncology, and so
on.), oncologists with expertise in the different subspecialties
and ideally a geneticist, a bioinformatician, as well as a
specialist for molecular biology.’

Generally, MTBs deal with a broad variety of malignant diseases, as most MTBs discuss cases from all
subspecialities of oncology. Furthermore, and in
contrast to other (organ/disease-specific) tumour
boards, the fields of molecular pathology and molecular
biology add another layer of complexity to these highly
specialized boards. Accordingly, a broad spectrum of
experts is needed to address all aspects of PCM to
determine the optimal strategy for any given patient.
Various different (single-center) experiences have been
reported in the literature and all of them come to the
conclusion that the hurdles of PCM can only be
mastered in a trans-institutional and interdisciplinary
approach [18e24].
We strongly believe that currently only dedicated
(academic) centres have the infrastructural and personal
requirements to meet these high standards and to
overcome existing hurdles in a sustainable and scalable
way.
Statement 6 e access to adequate therapy
‘Access to targeted therapies after identification of druggable
targets by molecular profiling is insufficient. Consented efforts are needed to overcome this problem: (I) Concentration
of PCM at specialized centers could provide a rationale for
payers to cover ‘off label’ treatment in a structured environment. (II) Clinical trials offering treatment for rare genetic
alterations need to be made available to a network of
participating centers.’

Even if molecular alterations are identified through
comprehensive genomic profiling and assessed as
actionable by the MTB, resulting treatment recommendations often are not implemented into patient care.
Although reasons are multifaceted, access to targeted
agents is the greatest issue. Even if these agents are
available, off label use is mostly not covered by payers
due to insufficient evidence of activity. Harmonized and
well-structured PCM programs in highly specialized
centres could create a rationale for payers to allow and
cover molecular-driven treatment. Payers, authorities
and PCM centres could engage in strategic partnerships
to ensure management of cancer patients in a scientific
and structured environment. Such constructs could
allow for concentration of patients at expert centres and
strengthen the faith in PCM. At the same time,
centralization of patients at specialized centres would
facilitate improved recruitment of patients into molecularly stratified clinical trials as more patients would
undergo comprehensive genomic profiling and chances
of picking up rare alterations would rise. These centres
should implement outreach activities and cooperate with
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other hospitals and caregivers to ensure access to care
for all patients.
Innovative structures such as the ‘Center for personalized Medicine’ (Zentrum für personalisierte Medizin ZPM) in Baden-Württemberg, the Germany-wide NCT/
DKTK MASTER initiative [21] and the national Network
Genomic Medicine (nationales Netzwerk genomische
Medizin - nNGM) aiming to provide NGS testing to the
majority of patients with nonesmall-cell lung cancer are
prime examples on how to expand the reach of local/
regional PCM initiatives on a national scale.
Statement 7
bioinformatics

e

clinico-genomic

databases

and

‘Structured and harmonized collection of patient data in
clinico-genomic databases supported by adequate bioinformatics is imperative in PCM. This will not only allow to
evaluate the benefit from individualized treatment approaches
but also to properly tailor the process by creation of learning
systems.’

As outlined previously, the underlying evidence for
broad implementation of PCM in clinical practice is still
scare. This is due to the complexity of the approach and
the individualization of treatment. Without collaborative harmonization efforts, generation of evidence in
these individualized settings becomes a major obstacle
[2]. In fact, generating further evidence is of utmost
importance to build confidence in PCM and to justify its
use to patients, payers and regulatory authorities. The
nature of PCM is use of targeted agents based on a
molecular profile rather than on a given entity.
Accordingly, generation of reference data for clinical
trials or even for an extension of existing drug labels is
challenging. One way to address this issue is the set-up
of clinical trial grad registries based on consented core
data sets [1,2,25e29]. In recent years, structured collection of real-world data (RWD) has emerged as a new
option to generate evidence in oncology. RWD data
certainly differ from evidence derived from prospective
clinical trials, but they may add to existing knowledge in
that they reflect a broader subset of patients and practice
settings than those typically represented on clinical trials
[26,30,31]. In the future, we envision not only a regional,
but a national and preferably international clinicogenomics database allowing for prospective collection
of treatment outcomes based on PCM approaches. This
vision will require concerted efforts to allow with
regards to patients’ consent, data structure and security.
If realized, such registries would not only be an
invaluable source of clinical and scientific knowledge
but would also allow for novel (bio)informatics approaches to analyse and structure complex data.
Statement 8 e financing
‘PCM is expensive. To ensure high-quality diagnostics,
comprehensive medical management and cost-effectiveness
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and to prevent repetitive diagnostic procedures, PCM
should preferably be concentrated at specialized centers.
These centers should enter a dialogue with payers to establish
reimbursement modalities for all aspects (molecular diagnostics, patient management and counseling, as well as
personalized treatment) of PCM.’

There are strong arguments that the complexities of
PCM require its concentration at dedicated centres that
offer the full scientific, diagnostic and therapeutic
spectrum. Although quality of treatment is the priority
issue in this regard, the potential cost increase for
diagnostic testing and medication use should be taken
into consideration. To prevent the costly and potentially
harmful overuse of molecular testing and targeted
agents outside of dedicated programs, all stakeholders
involved (academic centres, health insurance payers,
regulatory agencies, and so on) should enter a dialogue
to create sustainable reimbursement models for PCM.
This will allow structured use of these (costly) tools and
prevent unnecessary testing and treatment outside of
(existing) clinical indications. Measures to ensure
scientifically sound and cost-conscious implementation
of PCM might include a mandatory requirement for
discussion of test results in a MTB that fulfils standardized criteria (statement 5), as a prerequisite for
reimbursement. Finally, cost-effectiveness of available
and future molecular tests should be constantly evaluated to select the techniques with the highest impact in
terms of successfully treated patients. In the same
setting, cost-effectiveness of targeted treatments needs to
be addressed.
Statement 9 e counselling
‘Extended molecular profiling needs to be embedded into
adequate counseling not only by the treating oncologist but
also by other experts such as human geneticists and psychooncologists.’

The broadening use of comprehensive genomic
profiling in (advanced) cancers creates great expectations in patients (and doctors) [32]. It is imperative that
patients are adequately counselled with regards to potential outcomes of genomic testing [33,34]. Furthermore, patients need to be aware that the evidence for
these novel approaches is often less solid than for more
‘conventional’ therapeutic modalities in oncology (see
previously). These issues have to be addressed by
counselling offered by experienced oncologists and/or
psycho-oncologists.
Finally, genomic profiling of a tumor can yield results
that point towards a potential inherited alteration or
cancer syndrome [35]. Patients need to be informed
upfront about the possibility of incidental findings and
counselled appropriately. Specialized clinical geneticists
have to be involved in the discussion about appropriate
criteria for reporting incidental germline findings arising
from genomic profiling of tumor tissue [36].
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3. Conclusion and further directions

References

Here, we report consensus statements covering different
aspects of PCM and its implementation into clinical
practice. These statements serve as a basis for future
collaborative efforts to further develop and expand
PCM within the CCC network to provide optimal care
for cancer patients across Germany.

[1] Salgado R, Moore H, Martens JWM, Lively T, Malik S,
McDermott U, et al. Steps forward for cancer precision medicine.
Nat Rev Drug Discov 2018;17:1e2.
[2] Moscow JA, Fojo T, Schilsky RL. The evidence framework for
precision cancer medicine. Nat Rev Clin Oncol 2018;15:183e92.
[3] Gray SW, Hicks-Courant K, Cronin A, Rollins BJ, Weeks JC.
Physicians’ attitudes about multiplex tumor genomic testing. J
Clin Oncol 2014;32:1317e23.
[4] Morgan G, Aftimos P, Awada A. Current-day precision
oncology: from cancer prevention, screening, drug development,
and treatment - have we fallen short of the promise? Curr Opin
Oncol 2016;28:441e6.
[5] Haiech J, Kilhoffer MC. Personalized medicine and education:
the challenge. Croat Med J 2012;53:298e300.
[6] Moore DA, Young CA, Morris HT, Oien KA, Lee JL, Jones JL,
et al. Time for change: a new training programme for morphomolecular pathologists? J Clin Pathol 2018;71:285e90.
[7] Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H,
Eyring AD, et al. PD-1 blockade in tumors with mismatch-repair
deficiency. N Engl J Med 2015;372:2509e20.
[8] Drilon A, Laetsch TW, Kummar S, DuBois SG, Lassen UN,
Demetri GD, et al. Efficacy of larotrectinib in TRK fusion-positive
cancers in adults and children. N Engl J Med 2018;378:731e9.
[9] Schwaederle M, Kurzrock R. Actionability and precision
oncology. Oncoscience 2015;2:779e80.
[10] Mateo J, Chakravarty D, Dienstmann R, Jezdic S, GonzalezPerez A, Lopez-Bigas N, et al. A framework to rank genomic
alterations as targets for cancer precision medicine: the ESMO
Scale for Clinical Actionability of molecular Targets (ESCAT).
Ann Oncol 2018;29:1895e902.
[11] Andre F, Mardis E, Salm M, Soria JC, Siu LL, Swanton C.
Prioritizing targets for precision cancer medicine. Ann Oncol
2014;25:2295e303.
[12] Van Allen EM, Wagle N, Stojanov P, Perrin DL, Cibulskis K,
Marlow S, et al. Whole-exome sequencing and clinical interpretation of formalin-fixed, paraffin-embedded tumor samples to
guide precision cancer medicine. Nat Med 2014;20:682e8.
[13] Meric-Bernstam F, Johnson A, Holla V, Bailey AM, Brusco L,
Chen K, et al. A decision support framework for genomically
informed investigational cancer therapy. J Natl Cancer Inst 2015;
107.
[14] Chakravarty D, Gao J, Phillips S, Kundra R, Zhang H, Wang J,
et al. OncoKB: a precision oncology knowledge base. JCO Precision Oncol 2017;1:1e16.
[15] Li MM, Datto M, Duncavage EJ, Kulkarni S, Lindeman NI,
Roy S, et al. Standards and guidelines for the interpretation and
reporting of sequence variants in cancer: a joint consensus
recommendation of the association for molecular pathology,
American society of clinical oncology, and college of American
pathologists. J Mol Diagn 2017;19:4e23.
[16] Rieke DT, Lamping M, Schuh M, Le Tourneau C, Basté N,
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Tabatabai (Tübingen), Janna-Lisa Velthaus (Hamburg),
Martin Werner (Freiburg), Peter J. Wild (Frankfurt),
Jürgen Wolf (Köln).
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