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Precision cancer medicine 2025: some concerns
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In the evolving landscape of oncology the concept of ‘precision
cancer medicine’ (PCM) stands as one of the most promising
frontiers. By tailoring treatment to the unique genetic and
molecular profile of each patient’s tumor, PCM offers a vision of
cancer treatment that is more effective, less toxic, and personal-
ized [1].

However, the reality is that at present only a minority of
patients currently benefit from genomics-guided PCM [2]. Many
tumors lack actionable mutations and even when targets are
identified, inherent or acquired treatment resistance is often
observed. Thus, some concerns about PCM in its current state
deserve discussion.

One is the simple issue of the concepts used and that may
impact on our way of thinking. PCM as a concept was established
approximately a decade ago but one should bear in mind the
fact that modern oncology, starting with the introduction of
cytotoxic drugs in the 1950s, actually already applied a kind of
‘precision’from the beginning. Based on preclinical research and
clinical observations, drug effects were found associated to and
thus guided by, for example cancer diagnosis, disease stage,
patient performance status, and comorbidity. Such general and
simple ‘biomarkers’ formed a basis for an early version of PCM,
although most oncologists would rather denote this ‘empirical
cancer medicine’

The rapidly expanded knowledge in cancer biology and
access to large scale methods for genomic analysis have now
made it possible to establish a great number of drug—genomic
biomarker relationships that open for more advanced PCM.
Thus, molecular characterization of the patient’s tumor
sometimes allow us to abstain a treatment that will not work or
chose a treatment that, on a group level and to various degrees,
will increase the probability of benefit [3]. This, of course, is
progress but hardly deserves the concept ‘precision. PCM at
its present stage is rather suggested to be regarded and
conceptualized as ‘stratified cancer medicine’

Another concern relates to the fact that PCM is currently
strongly focused on genomics with much less interest to
investigate and apply other biomarkers to guide cancer
treatment for improved efficacy. Although large-scale analysis
of the tumor genome as a basis for treatment selection is
promising indeed, it should be reminded that there are a
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number of complex layers of biology that attenuate or even
completely remove the impact of genomic changes on outcome
at the tissue and organism levels [3, 4], illustrated, for example
by the different predictive impacts of BRAF mutations depending
on tumor type [3]. However, an excellent exception is illustrated
by the impressive efficacy of tropomyosin receptor kinase (TRK)
inhibitors in neutrophic receptor tyrosine kinase (NTRK) fusion-
positive tumors that opens for truly diagnosis agnostic therapy
based on genomics alone [5].

Related and also problematic is the fact that current PCM is
often used interchangeably with ‘personalized cancer medicine’
This is even further away from reality than PCM since a
personalized approach reasonably means a truly tailored
treatment based on the predictive power from a joint analysis of
all biomarkers possible, not only genomics, and selected from
all drugs available, also including those not currently labelled
cancer drugs but that may still modify cancer behavior [6, 7].
Such ‘personalized cancer medicine’is indeed a long-term goal
but use of this concept at the present stage is confusing.

Additional layers of biomarkers need to be added to move
the PCM concept forward. Examples are biomarkers reflecting
pharmacokinetics, including therapeutic drug monitoring, and
pharmacogenomics, that should be applied and developed
further to allow for individualized and optimal drug dosing [8].
Other layers of treatment predictors in need of consideration
are other ‘omics’ biomarkers, imaging, histopathology, patient
nutrition, comorbidity, and use of concomitant drugs including
antibiotics that may impact the gut microbiome and
subsequently the effect of cancer drugs [6, 9, 10]. Only when
bringing information from many such biomarkers into a
complex, reasonably Al-generated, treatment predictor this will
allow for true PCM and its advancement into personalized
cancer medicine. Principles for such approach have been
outlined and should now form the basis for clinical trials [11,
12].
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Yet another concern in the genomics based PCM discussion
is the need to distinguish between its application in routine
healthcare and its further development based on research. The
former is in principle very simple; it is the routine use of analyses
of specific genomic biomarkers proven on the basis of controlled
clinical trials to provide benefit in terms of established hard
endpoints such as overall survival and quality of life/symptom
improvement. A recent example is the addition of encorafenib
and cetuximab to the FOLFOX regimen in the first line treatment
of metastatic colorectal cancer in the case of a BRAF-mutation
[13]. Another is use of TRK inhibitors in NTRK fusion-positive
tumors as mentioned above. Such genomics based PCM is not
controversial but is mainly a matter of implementation and
equity in access.

Genomics-based tumor agnostic PCM in the absence of
clinical evidence showing benefit, on the other hand, is a
complicated research matter. A number of clinical trials
investigating this concept have been performed and reported,
mostly with essentially identical design; patients with advanced
cancer refractory to standard guideline directed therapy have
been recruited, their tumor analyzed for the presence of
genomic changes possible to target with a drug and if a target is
presentand the drug available, patients start treatment followed
by the early assessment of drug efficacy [2, 14].

Typical reporting from these trials usually includes endpoints
rather to be regarded as surrogates for true benefit, for example
the fraction of patients with a successful genomic analysis, a
targetable finding, starting targeted drug treatment, and
outcome in terms of tumor response and disease control rate at
a specific time point. In light of the considerable attrition in
number of patients in each step of these trials, the considerable
heterogeneity between patients in terms of cancer type,
prognostic features and without a control group, it is difficult to
draw conclusions on true clinical benefit from the approach.
This may also apply for the genomics-based tumor agnostic
treatments approved based on such trials [3, 4.

Yet, the mere technical access to this approach combined
with seemingly promising findings from these types of trials
have made not only cancer patients, their relatives, and media
but also healthcare professionals to conclude that this simple
tumor agnostic approach is an appropriate way to identify a
treatment with great prospects to work. This notion is difficult to
handle in relation to patients within routine cancer care and
may lead to the ordering of costly genomic analyses and
treatment attempts beyond what is considered standard but
not part of research [15, 16].

It is acknowledged that the tumor agnostic studies have
been necessary to perform to test the overall feasibility of the
approach but given the many trials using this design already
reported and proving technical feasibility, it is now time to move
to study designs that allow for more definitive conclusions on
the clinical benefit from use of genomics guided treatment
selection, not the least in light of lack of benefit in randomized
clinical trials [17-19].

Although it is acknowledged that the phase Il controlled
randomized design considered standard for proving drug

efficacy might be difficult to apply in full in this field, some kind
of sufficiently strong comparators need to be included to allow
for conclusions applicable in healthcare [4, 14]. Furthermore,
studies may be more successful if patents are recruited more
selectively based on comprehensive tumor biology knowledge,
in earlier lines of treatment applying a ‘window of opportunity’
clinical trial approach and treating patients with drug
combinations targeting as many genomic aberrations as possible
rather than with single drugs only [20].

In this light it is of concern that many European national
clinical trial initiatives ongoing or about to start are still not
designed to convincingly show more than feasibility and report
mainly surrogate efficacy endpoints. Thus, they recruit a mix of
treatment refractory patients and apply a tumor agnostic one
gene — one drug approach [21]. Although in the end it will be
possible to pool data from these trials to allow for identification
of promising combinations of genomic changes and drugs in
specific tumor types, definitive conclusions on true benefit will
bedifficult todraw dueto lack of study controls [22]. Comparisons
with ‘synthetic controls’ [21, 23] and real world data massively
collected within a ‘Digital Oncology Network for Europe’ [24],
may be ways forward. However, this does not remove bias or is
not yet in place, respectively, ending up with the conclusion that
some kind of, preferably simplified, randomized trial design [25]
is seemingly necessary to prove benefit [22].

Notwithstanding the above concerns, PCM is undoubtedly a
key to substantial progress in cancer treatment. The concerns
should instead be seen as an appeal to temper communication
about the progress achieved so far, to expand the concept
beyond genomics, and to develop PCM within research
designed to allow clearer conclusions about patient benefit, and
subsequently to identify which parts of the concept are mature
enough for cost-effective implementation in routine healthcare.

From a wider perspective, PCM may face barriers to adoption
beyond trials. Progress and adoption require coordinated action
in evidence, regulation, and equity. Robust data must define
where PCM adds most value to ensure clinical benefit and cost-
efficiency. Regulatory and reimbursement models should adapt,
recognizing real-world data and registry-based evidence
alongside trials. Equity is crucial, PCM should not be limited to
trial participants or wealthy regions. Shared infrastructures for
biomarker analyses and drug access at national/EU levels can
expand availability. With scientific rigor and pragmatic health
system solutions, PCM can become standard care for all eligible
patients.
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