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Editorial summary

Genomic medicine has considerable potential to
provide novel diagnostic and therapeutic solutions for
patients who have molecularly complex diseases and
who are not responding to existing therapies. To
bridge the gap between genomic medicine and
clinical practice, integration of various data types,
resources, and joint international initiatives will be
required.

Toward precise genomic therapies
From both public health and economic perspectives, lack
of treatment response is one of the most pressing health
care concerns that exist today. According to a US Food
and Drug Administration (FDA) report from 2013, an as-
tounding 38–75% of patients who have a common disease
do not respond to treatment. Addressing this problem will
be particularly important in increasing quality of life, de-
creasing mortality, and in turn, reducing health care costs
globally. As an example, a 10% reduction in the number
of patients who are not responding adequately to treat-
ments for diabetes and heart disease in the USA would
save approximately $200 billion annually [1].
Fundamental to tackling the issue of differential treat-

ment response is the molecular complexity of common
diseases, the scale of which can be vast; a disease may
involve thousands of genes across multiple cell types in
different parts of the body. In general, tools for clinical
diagnostics do not allow for the assessment of such
broad-scale changes. Thus, there is a wide gap between
the molecular complexity and much of the translational
research and clinical practice. Genomic medicine is
emerging as a potential solution to bridge this gap [2].
Fundamental to this concept is the use of genome-wide
analses to match precisely an individual patient’s
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molecular alterations with a drug targeting those alter-
ations. This strategy is already being clinically imple-
mented to treat rare monogenic diseases [3]. In cancer,
the focus has mainly been on somatic genetic alterations.
The development of increasingly sophisticated analyses
of different molecular layers has, however, led to interest
in other forms of omics analyses, such as analyses of the
transcriptome, epigenome, or metabolome. These prom-
ising developments have led to several efforts aimed at
implementing genomic medicine in clinical practice for
early disease detection or molecularly tailored treat-
ments. Examples include Obama’s Precision Medicine
Initiative and several other international projects [2].
Nevertheless, concerns about the effectiveness of
genomic medicine have led to questions about what
genomic medicine has achieved to date, unresolved
problems, and potential solutions.
Here, we discuss some clinically relevant examples and

what can be learned from early attempts to implement
genomic medicine in clinical practice. In summary, we
propose that the clinical translation of genomic medicine
will require the integration of multi-omics and clinical
data and that emerging technologies such as single-cell
approaches may facilitate the construction of
high-resolution disease models. It is also possible that
the complexity of diseases and technologies, coupled
with the rapid speed of developments, will require the
re-organization of health care structures in order to en-
able joint efforts to identify, evaluate, and implement
new solutions for genomic medicine quickly.

Promise and pitfalls of genomic medicine,
focusing on genetic alterations
An early, successful example of a drug that targets som-
atic genetic alterations was imatinib, a tyrosine kinase
inhibitor that is used for the treatment of chronic mye-
loid leukemia patients who have a translocation that re-
sults in the formation of a constitutively active
BCR-ABL fusion kinase [2]. Other successful examples
include the treatment of lung cancers harboring mutated
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epidermal growth factor receptor (EGFR) with EGFR in-
hibitors, and the treatment of melanomas bearing mu-
tated BRAF with BRAF inhibitors [2].
These successful examples have spurred concerted ef-

forts to generalize genomic approaches to the treatment
of disease, including those based at the National Cancer
Institute (NCI), the National Institutes of Health (NIH),
and several European and Asian centers. An ideal out-
come could be routine sequencing of all tumors so that
actionable genetic alterations could be identified and pri-
oritized for treatment, but the clinical relevance of this
paradigm has been questioned. Currently, most cancer
patients do not have actionable genetic alterations [2].
The SHIVA trial found no significant improvement in
survival for cancer patients treated on the basis of ac-
tionable genetic alterations compared with those treated
according to physician’s choice [4]. Possible explanations
could be that those alterations did not have driving roles
or that the patients also had other, untargeted alter-
ations. Thus, from a gene-centered therapeutic perspec-
tive, the improved selection of targets or the use of
combinatorial treatments is needed. It has also been ar-
gued, however, that the most effective current cancer
treatments do not target mechanisms that are related to
genetic alterations [2, 5]. This has led to increasing
interest in including sources of information beyond gen-
etic alterations.

Multi-omics and multi-cellular approaches in the
clinical translation of genomic medicine
In a recent study of brain tumors, genome-wide DNA
methylation patterns were shown to agree with histo-
pathological classification and led to the reclassification
of some patients [6]. There are also examples of diagnos-
tic transcriptomics for cancer and complex diseases [7].
It is reasonable to hypothesize that the integration of the
most predictive markers from different omics layers will
have greater potential than the assessment of genetic al-
terations alone [8]. In this context, we should mention
that there are vast resources of multi-omics data in the
public domain that can be mined for translational pur-
poses [9].
Another important aspect is that most diseases involve

multiple pathogenic mechanisms that are dispersed in
multiple cell types, which may require combinatorial
treatments. Several such examples are well established
today. Asthma patients are commonly treated with in-
halants that combine glucocorticoids and bronchodila-
tors. In cancer, checkpoint inhibitors that increase
immune responses complement drugs that directly tar-
get tumor cells. These examples highlight a potential
limitation of many genomic analyses in finding diagnos-
tic and therapeutic targets: the analyses are performed
on bulk samples. Instead, we should ideally perform

simultaneous genome-wide analyses of each individual
disease-associated cell type, so that key regulatory cell
types and mechanisms can be prioritized and targeted.
The emergence of genome-wide methods for single-cell
analyses has been proposed as a potential solution [7]. A
large number of studies on cancer and complex diseases
support this potential, and although there are currently
multiple technical limitations, it is possible that rapid
developments in single-cell analyses will result in
high-resolution multicellular disease models for drug de-
velopment and even diagnostics [7].

Integration of omics and clinical data
Recent genomic and epigenomic studies of cancer have
supported the diagnostic potential of integrating omics
and histopathological data [6, 10]. There are now several
examples of public and private efforts with similar aims
that have acquired omics, clinical, and imaging data
from hundreds of thousands of patients [2]. The DNA
methylation study also presented a web-based diagnostic
tool that can be used for standardized diagnostics in
clinics across the globe [7]. Importantly, the use of this
tool in clinical practice will result in the continuous im-
provement of the tool and potentially in an improved
understanding of pathogenic mechanisms that result in
disease, as well as of the diagnostics and therapeutics.
The study may serve as a model for how different com-
binations of local or centralized wet lab and computa-
tional analyses may contribute significantly to the
clinical implementation of genomic medicine.

Challenges and opportunities for research and
clinical practice
The diagnostic and therapeutic success stories mentioned
above support the potential for translating genomic medi-
cine to the clinic. Nevertheless, there is a wide gap be-
tween the complexity of the diseases and current clinical
practice. Bridging that gap involves addressing several dif-
ferent challenges: from a research perspective, the clinical
translation of genomic medicine requires the integration
of multiple disciplines, such as omics, epidemiology, bio-
informatics, and experimental and clinical research. Such
integration is complicated by the compartmentalization of
academic and industrial research. A related problem for
funders and medical journals is the evaluation of
multi-disciplinary research when most reviewers have ex-
pertise only in some of the disciplines involved. From a
health care perspective, the rapid development of multiple
solutions for genomic medicine is likely to make the iden-
tification, evaluation, and prioritization of “actionable”
diagnostic and therapeutic solutions important challenges
to be addressed urgently. Next, the clinical implementa-
tion of successful solutions may require new technologies
as well as the training of health professionals. This could
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result in the development of novel clinical disciplines, de-
rived from integrating genomics, systems medicine, and
bioinformatics. Taken together, these challenges and op-
portunities may require new organizational solutions in
academia and health care. As an example, the web-based
analyses of DNA methylation data from brain cancers sug-
gest that novel combinations of local and centralized solu-
tions for diagnostics may become optimal. This could lead
to new roles for health care units that might serve increas-
ingly as dynamic integrators and providers of local and
global services—as opposed to focusing on the local accu-
mulation of expertise and technologies. Such a develop-
ment would require new solutions for the continuous
education of health professionals, as well as organizational
flexibility to optimize the integration of resources.

Conclusions
The huge medical, economic, and societal problems aris-
ing from the large number of patients who do not re-
spond to therapy emphasize the need for novel
diagnostic and therapeutic solutions for the management
of patients. Genomic medicine has considerable poten-
tial, but also presents significant challenges that are
likely to be addressed by joint international initiatives.

Funding
This work was supported by the Swedish Research Council, The Cancer
foundation, IMI project RTCure, Swedish Rheumatisms Foundation, German
Childhood Cancer Foundation (Deutsche Kinderkrebsstiftung), Brain Tumor
Charity (BTC), Federal Ministry for Education and Research (BMBF), and the
German Cancer Consortium (DKTK).

Authors’ contributions
MB and HZ wrote the manuscript draft, while SMP focused on malignant
diseases and LK on complex diseases. AM focused on laboratory aspects of
genomic medicine. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Centre for Personalised Medicine, Linköping University, Linköping, Sweden.
2Crown Princess Victoria Children’s Hospital, Linköping, Sweden.
3Rheumatology Unit, Department of Medicine, Karolinska Institutet, Karolinska
University Hospital (Solna), 171 76 Stockholm, Sweden. 4Karolinska University
Hospital Laboratory, Stockholm, Sweden. 5Hopp Children’s Cancer Center
Heidelberg (KiTZ), Heidelberg, Germany. 6German Cancer Research Center
(DKFZ), Heidelberg, Germany. 7German Cancer Consortium (DKTK), Partner
Site Heidelberg, Heidelberg, Germany. 8Department of Pediatric Oncology,
Hematology and Immunology, Heidelberg University Hospital, Heidelberg,
Germany.

References
1. Dzau VJ, Ginsburg GS, Van Nuys K, Agus D, Goldman D. Aligning incentives

to fulfil the promise of personalised medicine. Lancet. 2015;385:2118–9.
2. Letai A. Functional precision cancer medicine—moving beyond pure

genomics. Nat Med. 2017;23:1028.

3. Stranneheim H, Wedell A. Exome and genome sequencing: a revolution for
the discovery and diagnosis of monogenic disorders. J Intern Med. 2016;
279:3–15.

4. Le Tourneau C, Delord J-P, Gonçalves A, Gavoille C, Dubot C, Isambert N,
et al. Molecularly targeted therapy based on tumour molecular profiling
versus conventional therapy for advanced cancer (SHIVA): a multicentre,
open-label, proof-of-concept, randomised, controlled phase 2 trial. Lancet
Oncol. 2015;16:1324–34.

5. Tsherniak A, Vazquez F, Montgomery PG, Weir BA, Kryukov G, Cowley GS,
et al. Defining a cancer dependency map. Cell. 2017;170:564–76.

6. Capper D, Jones DT, Sill M, Hovestadt V, Schrimpf D, Sturm D, et al. DNA
methylation-based classification of central nervous system tumours. Nature.
2018;555:469.

7. Shalek AK, Benson M. Single-cell analyses to tailor treatments. Sci Transl
Med. 2017;9. https://doi.org/10.1126/scitranslmed.aan4730.

8. Gustafsson M, Nestor CE, Zhang H, Barabási A-L, Baranzini S, Brunak S, et al.
Modules, networks and systems medicine for understanding disease and
aiding diagnosis. Genome Med. 2014;6:82.

9. Lentini A, Lagerwall C, Vikingsson S, Mjoseng HK, Douvlataniotis K, Vogt H,
et al. A reassessment of DNA-immunoprecipitation-based genomic profiling.
Nat Methods. 2018;15:499.

10. Coudray N, Ocampo PS, Sakellaropoulos T, Narula N, Snuderl M, Fenyö D,
et al. Classification and mutation prediction from non-small cell lung cancer
histopathology images using deep learning. Nat Med. 2018;24:1559.

Zhang et al. Genome Medicine            (2019) 11:9 Page 3 of 3

https://doi.org/10.1126/scitranslmed.aan4730

	Editorial summary
	Toward precise genomic therapies
	Promise and pitfalls of genomic medicine, focusing on genetic alterations
	Multi-omics and multi-cellular approaches in the clinical translation of genomic medicine
	Integration of omics and clinical data
	Challenges and opportunities for research and clinical practice
	Conclusions
	Funding
	Authors’ contributions
	Competing interests
	Publisher’s Note
	Author details
	References

