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From precision medicine to imprecision medicine through limited
diagnostic ability to detect low allelic frequency mutations
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The Rosetta Stone of the new era of biomedicine includes
five essential ideas to understand the real concept
of precision medicine (PM): preventive, predictive,
personalized, participatory (1), and pertinent. The
application of these five “Ps” is currently the Holy Grail of
the clinical routine and particularly important for cancer
are the concepts of prediction and personalization. It is
especially significant in those diseases characterized by
higher biological heterogeneity, as it is the case of lung
cancer. Obviously, an improvement of biological knowledge
must be accompanied by technological breakthroughs.
In the last years, new molecular analysis technologies
characterized by high specificity and sensitivity rates are
being developed, allowing detection of rare clonal sub-
types with low allelic frequency. However, the specificity
and sensitivity present high variability among platforms,
what is of particular importance for the detection of
very low allelic frequency mutations. In fact, it has been
accepted that variants with a low allele frequency affect
the accuracy of mutation detection methodologies (2).
Moreover, the variability in the limits of detection (LoD)
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is especially important for a correct treatment choice as
well as an efficient stratification of patients susceptible to
be treated with a particular therapy. Therefore, selection of
methodologies with ability to discriminate between high and
low allelic frequencies is essential for a correct application
of PM. In the case of lung cancer, there are several
mutation-targeting strategies for personalized treatments
among which, tyrosine kinase inhibitors (TKI) are a widely
used anti-cancer strategy. The key target of these drugs
is the EGFR gene that, when overexpressed, activates cell
survival and proliferation pathways. The success or failure
of TKI treatments usually relies on presence or absence of
sensitizing mutations respectively but together with them
also treatment-resistant mutations might play a role (3).
The most common resistance mutation is EGFR T790M so
screening for this mutation offers information on whether
the patient is candidate or not for TKI treatments.

In this issue, Lettig et /. (4) compared the specificity
and sensitivity of three different technologies to assess
somatic EGFR mutations: matrix-assisted laser time-
of-flight desorption/ionization (MALDI-TOF) mass
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spectrometry (MS), allele-specific real-time PCR (AS-
PCR) and droplet digital PCR (ddPCR). Likewise, they
developed ultra-deep next generation sequencing (NGS)
validation of the identified mutations in EGFR in non-
small cell lung cancers (NSCLCs) using SiRe® panel.
The findings of this work are not only technologically but
also clinically relevant. From the technological point of
view, the work confirms results obtained by other groups,
demonstrating that MALDI-TOF does not offer the higher
sensitivity required to detect somatic mutations at allelic
frequencies below 5% (5). In this context, the approach
of numerous studies is to evaluate the mutation-detection
ability of different platforms, with varying sensitivities,
what conditions the correct treatment choice, and might
transform “PM” into an “imprecision medicine” (6). In this
paper, Lettig et /. demonstrated that ddPCR offers good
sensitivity (7), tissue economy and quick turnaround time
compared to MALDI-TOE, three aspects that are required
to guide treatment decision (8). In addition, the work of
Lettig er al. reflects the importance of correctly select the
most sensitive methodology, since they identified presence
of different clones harbouring concurrent mutations
with varying mutated allelic frequencies (mAF) affecting
EGFR. Despite not being a novel concept, the presence of
concurrent mutations in EGFR has been described as an
important factor for development of treatment resistance
(9,10). In fact, according to the authors, presence of these
subclones conditions overall survival (OS) and progression-
free survival (PFS). Nevertheless, their work has some
limitations in terms of number of patients, which in turn,
might bias the conclusions arising from their Kaplan-Meier
curves. From this point of view, we argue that patients
reported positive for T790M mutation might be split
into two groups according to their mAF (either greater or
lower than 5%) to more robustly determine the effect of
each mutational load on treatment resistance. Therefore,
treatment response will also depend on the heterogeneity
present at the allele frequency level. Lettig et a/. concluded
that the presence of T970M with mAF higher than 5%
prior TKI treatment identifies patients susceptible to be
treated with third-generation EGFR-TKI in first line,
however only three patients in their cohort fulfilled this
criterion. On the contrary, they suggested that patients with
low T970M mAF, together with concurrent sensitizing
mutations (the majority of their cohort), might benefit from
current treatments and would not need 3rd generation
TKI in first line. Despite MALDI-TOF identified patients
susceptible to be treated with 3rd generation TKI, it also
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raised the question whether patients assessed negative
by MALDI-TOF should need to be analysed by other
methodologies to rule out presence of mutations with lower
than 5% allelic fraction. As the authors precisely suggest
at the end of their discussion, the problem of acquired
resistance might be due to “clonal selection” because of
treatment selective pressure. Thus, it is imperative to
standardize protocols and methodologies with enough
sensitivity to detect all resistance mutations (including
those at very low mAF) as these clones might be selected
by the treatment, serving thus as prognostic and treatment
response biomarkers. In fact, if these low mAF mutations
are present since the beginning but the use of conventional
methodologies is not able to detect them, then it may be
possible that we treat patients with inadequate TKIs, thus
offering “imprecise” rather than “precise” medicine (11).
Ultimately, the key point would be to determine which
methodology, if only one is to be considered, might finally
be the gold standard in the clinical routine, assuming that if
two mutations are located within the same gene, any PCR-
based method might have an amplification bias (competence
between different substrates for PCR primers). Therefore,
this limitation might affect mutation frequency calculation
and in the case of ddPCR (despite its superior sensitivity),
presence of false positives is regrettably an unwanted reality
that could explain why for some patients, the mutation
frequency was found very different between ddPCR and
NGS. Consequently, it is undeniable that there is an urgent
need to decide on the best methodologies to evaluate the
genetic status associated to the set of targeted treatments
currently available (Figure I). Likewise, we cannot forget
that these methodologies need to be accessible to a large
number of hospitals, therefore are bound to be economically
feasible (cancer affects wealthy and poor in the same way)
and sensitive enough to analyze small amounts of DNA
[e.g., circulating tumor DNA (ctDNA)], since response
assessment involves the need to include liquid biopsies
detection as a way of monitoring in real time the evolution
of the disease and consequently, treatment response.
Notably, the incorporation of liquid biopsies should be
mandatory not just for monitoring but also in those cases in
which tissue is not available (very common for NSCLC) or
when tissue preservation might affect genetic results [e.g.,
formalin-fixed, paraffin-embedded (FFPE)]. In this line,
some work is being done on the comparison of ctDNA and
tissue mutation status using MALDI-TOF although further
research is needed to extract adequate interpretations (12).
In conclusion, routine molecular testing in NSCLC is
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Figure 1 Sensitivity assessment of matrix-assisted laser time-of-flight desorption/ionization (MALDI-TOF), allele-specific polymerase chain

reaction (AS-PCR) and droplet digital PCR (ddPCR) detecting low allelic frequencies in epithelial growth factor receptor (EGFR) gene and

their influence selecting a more precise treatment. Abbreviations are: TKI, tyrosine kinase inhibitors; mAF, mutated allele frequency.

currently moving beyond the classical EGFR mutational
analysis and the evolving technologies such as NGS or
ddPCR, with superior sensibilities but also multiplexing
capabilities, allow the evaluation of greater number of
mutations/genes and thus, impact on disease management.
The continuous progress of targeted therapies requires
molecular testing for a wider panel of mutations and
different technologies sensitive enough for mAF to be
able to integrate personalized molecular diagnosis in the
different Pathology departments. As a consequence, efficient
testing of multiple molecular abnormalities is an urgent
requirement in thoracic oncology not only for an efficient
treatment administration but also for an improvement of
the cost-benefit balance. Therefore, it is mandatory that
numerous research groups tackle this challenge combining
efforts to increase population sizes, homogenize protocols
and standardize technologies so the 5 pillars of PM are
translated into a reality in the clinical practice.
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