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ABSTRACT

Great expectations are bound to the current evolution of medicine to personalized medicine. Thanks to rapid advances in
genomics and molecular biology, new markers can be revealed for the presence of or susceptibility to a disease, or response
to treatment. On such markers, diagnostic tests can be based; companion diagnostics (CDx, often called In Vitro devices)
are diagnostic tests “coupled” with a therapeutic drug, aimed at assessing its applicability to a specific class of patients.
As well as exemplifying some already implemented CDx applications, the purpose of this article is to highlight potentials
and problems of personalized medicine today. In particular, the opportunity is analyzed for the co-development of a new
drug and its CDx, through a parallel base research. This approach is promoted by the regulatory agencies but, due to sci-
entific and economic factors implicit in the process, it is taking-off slowly. Personalized medicine deserves to grow and to
expand, first of all because it simultaneously promises to substantially improve patient care and to make big costs savings
for healthcare systems. From this point of view, all stakeholders (diagnostics manufacturers, clinical testing laboratories,
pharmaceutical firms, the Department of health, and other bodies) should talk to each other in order to support the advance-
ment of personalized medicine.
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INTRODUCTION

Medical advances in diagnostics and therapeutics allow today to highlight new aspects of
clinical practice, laying the foundations for the so-called “personalized medicine”. Among the
many definitions aimed at outlining the profile of “personalized health care”, we would like to
mention the one proposed by the European Commission in 2013: «a model of medicine that
uses the molecular profile to individualize the correct therapeutic strategy for the right person
at the right time, and/or to identify the predisposition to a certain disease and/or to allow for a
timely and targeted prevention» [1].

The increasing use of target therapies supports the concept of “translational research”,
adapting to the therapeutic and clinical needs of each individual, especially within a setting of
neoplastic and — more generally — chronic degenerative diseases [2].

In the future of personalized medicine, the role of Companion Diagnostics (CDx) seems
indispensable. CDx are /n Vitro Diagnostics (IVDs) which can select, within a population,
those individuals who can benefit more from a certain treatment, and with a lower risk.

As such, CDx are a valuable guidance in clinical practice, and their accuracy is crucial for
the success of the therapeutic choice.

The molecular characterization of the host microenvironment is therefore assuming an in-
creasingly important role, next to histopathological typing, thus reinforcing the clinical value
of the latter.
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- diagnostic: aimed at an early identification of the disease;

- susceptibility/risk: aimed at identifying the risk of developing the disease;

- prognostic: aimed at identifying the evolution of the disease;

- predictive: aimed at identifying the response to a drug and/or its toxicity;

- surrogate: substitute for a clinical endpoint.

The introduction of biomarkers is profoundly changing the clinical testing of drugs, in-
troducing new trial designs, such as the umbrella trial and the basket trial: in the first case,
patients are enrolled on the basis of the tumor site and receive appropriate treatments for each
of the biomarkers identified; in the second, subjects are enrolled on the basis of the molecular
characteristics of the tumor, and therefore patients with tumors in different organs may be
enrolled in the same treatment arm.

The use of IVD tests can identify the mutations of some biomarkers, and is therefore be-
coming a real opportunity for the implementation of therapeutic strategies for cancer patients
and other patients.

The use of biomarkers in oncology considers both the characteristics of the tumor (cell
changes, mutations) — in the perspective of the effectiveness of the drug — and the patient’s
characteristics (genetic makeup), against the risk of potential toxicity [3].

Below are some examples, used to emphasize how the use of an IVD test can conclusively
affect the therapeutic, organizational, and economic choices:

1. EGFR (Epidermal Growth Factor Receptor) mutations are already predictive biomarkers
for the targeted treatment of advanced NSCLC (Non-Small Cell Lung Cancer). Currently,
the prescription of EGFR tyrosine kinase inhibitors (EGFR-TKIs) is related to the identi-
fication of a clinically relevant EGFR mutation in the DNA derived from the tumor tissue.
In addition, it has been noticed that, in such tests, in 12.2% of cases the mutational status
still could not be assessed [4]. The analysis of the DNA derived from plasma can then be
an important alternative even when, under certain conditions, the use of tissue is unfea-
sible, or too risky. In addition, liquid biopsy — already validated in many clinical trials — is
a non-invasive, reproducible method, also obtainable from patients with severe morbidity.
In this regard, the results of a recent study with osimertinib — an inhibitor of EGFR T790M
mutation-related tyrosine kinases — support the use of the COBAS® test to detect EGFR
mutations through plasma samples [4]. One of the many advantages of this test (as how-
ever is also the case of other CDXx) is the swiftness of its execution. In June 2016, the FDA
(Food and Drug Administration) therefore approved the COBAS® test as CDx (EGFR
mutation test v2, Roche Molecular Systems, Inc.), to be used on liquid biopsy samples.
EGFR mutation testing for the selection of treatments in NSCLC patients were developed
following the introduction of first- and second-generation EGFR TKIs. Despite the fact
that the analysis of the tissue biomarkers still represents the gold standard, it should be
noted, however, that up to 30% of the patients with advanced NSCLC cannot benefit from
it, due to a lack of suitable tissue [4]. In particular, with third-generation EGFR TKIs
(osimertinib), it’s not always possible to execute the Exon 20 T790M mutation test using
tissue samples; in this case, liquid biopsies are a great opportunity.

2. Another recent study presented a CDx able to accurately and quickly identify NSCLC
ALK+ (4naplastic Lymphoma Kinase) patients, who may benefit from the treatment with
crizotinib [5].

3. The success of Herceptin in treating breast cancer still lies in the CDx ability to identify
the subpopulation responsive to the MAb, namely the HER2+. The above example is a
demonstration of how a careful stratification of the population can be decisive for the
clinical efficacy of a drug, limiting its toxicity (cardiotoxicity — in the case of Herceptin)
and containing the healthcare spending. The CDx for Herceptin (Herceptest) was the first
companion diagnostic to enter the market, in 1998; then, an increase in the use of CDx led
to an improvement in the therapeutic performance also in the treatment of other cancers:
colorectal, lung, chronic myeloid leukemia, B-Cell non-Hodgkin’s lymphoma.

DEVELOPMENT PROCESS

Companion diagnostics were officially defined in 2014 by the FDA as a “medical device
that provides functional information for a safe and effective use of a drug or a biotechnologi-
cal product” [6,7].

Recently, also EMA (European Medicines Agency) decided to investigate the issue of
CDx, realizing the need for a co-development of the CDx and the related drug, in order to
avoid the documentation gaps that may be incurred during a separate development [8].
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Given the multiplicity of functions which characterize the biomarker and its related CDx,
the technical requirements during the setting of the tests will vary, depending on the stage of
development and use of the biomarker, resulting in timing issues related to the development
of the CDx and the relative drug.

Despite everything, the co-development process proved to be less costly than the “post-
approval” method, and therefore it is desirable to proceed with a parallel basic research that
takes concurrently into account the development of a drug and its CDx [8,9]. Simultane-
ously with the preclinical development of the drug, feasibility studies are conducted on the
selected biomarkers [10]. In the clinical stage, during Phase I, candidate markers in humans
are assayed [11], while during Phase II — which is parallel to the analytical validation of the
biomarkers — the clinical criteria for stratification are defined. During Phase III, such stratifi-
cation is further validated and, on the basis of the outcomes of the trial, new considerations
are made on the label.

This leads to the validation of CDx — and the simultaneous approval of the drug and the
relevant IVD — by the Regulatory Authorities.

REGULATORY ASPECTS

From a regulatory point of view, the current situation is very delicate, because the Regula-
tory Authorities, which in fact continue to allow the use of low performance tests, have to deal
with the need to introduce validated tests that meet the therapeutic expectations of increas-
ingly more numerous and expensive drugs.

Such evidence cannot be ignored for a long time, in view of the increasing complexity of
the therapeutic scenario, driven by the continuous discovery of new molecular targets for an
optimal therapy, aimed as much as possible at meeting the needs of selected subpopulations
within the same nosological framework.

Therefore, if on the one hand the introduction of CDx developed concurrently with a spe-
cifically targeted drug raises the hopes of obtaining a personalized therapy, on the other the
regulatory situation both in the US and in Europe needs to be improved. In fact, the global
regulatory framework concerning the molecular diagnostic tests — including CDx — is cur-
rently rather fragmented and inconsistent and there are still issues regarding the quality, safety
and effectiveness of such tests [12], with few regulatory initiatives undertaken to date in an
attempt to accelerate the development of biomarkers.

Despite a number of initiatives undertaken by Regulatory Authorities, there is still a clear
need for greater efforts, possibly supported by the creation of technical committees tasked
with formulating hypotheses and propositions aimed at making the simultaneous marketing
of high performance diagnostic tests compatible with that of the drugs whose need and market
presence are more obvious every day.

CRITICAL ISSUES

Despite the results achieved so far in the field of personalized therapies, a significant in-
crease in the development of CDx has not occurred, yet; in fact, over the last 17 years, only 23
CDx were approved in the US, for 11 personalized therapies and 7 first-line indications [13].
Several are the causes of the slow growth of CDx, and they are all due to the difficulty of a
CDx-drug co-development. In this respect, in light of the personalized medicine implications,
also the pharmacoeconomic model must be radically reconsidered [9].

It is likely that the sheer amount of obstacles identified so far in the development process
of CDx has limited private and public investment in this field. In 2014 in fact, the FDA issued
guidelines that promoted CDx-drug co-development up to the marketing step. This regulatory
constraint suggested by the FDA affects the economic factor related to the final product, and
therefore influences the amount of products marketed and prescribed. It is indeed difficult to
resolve the alignment between manufacturers of diagnostic and pharmaceutical companies,
because of the complexity of the co-development process, and also due to the fact that, to date,
there is an objective lack of systematic analytical studies aimed at understanding the changes
that would be necessary to implement within the current system, and that the market orienta-
tion now requires [9].

Considering the clinical relevance of CDx, but also the aforementioned limitations, one
can clearly outline the opportunity to promote a systematic analysis of the already existing
data, in order to identify the drivers and any limitations, and to characterize the areas in which
to intensify research.
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The challenge in the research field will therefore being able to identify the most impor-
tant molecular, diagnostic, prognostic and predictive targets, capable to predict therapeutic
responsiveness, in order to select eligible patients [14,15].

Also in light of the recent regulatory focus on the CDx, it is evident that this technol-
ogy — through a correct identification of specific biomarkers and specific patient populations
— can also be considered a major tool for the control of the market of high-effectiveness and
high-cost drugs. The development of CDx appears therefore based on the identification of
biomarkers, which thereby make it possible to select the best treatment for each single patient.
From a pharmaceutical development perspective, the CDx can contribute to the success of
the process of approval and marketing of innovative drugs, which however — in addition to a
greater therapeutic benefit — may also result in a high risk, in case of misuse.

The accuracy of the CDx is critical in order to achieve good clinical results and avoid any
waste of resource: there is evidence in the literature of how an inaccurate use of CDx leads
to therapeutic failures and substantial expenditure; this is the case, for example, of the tests
for the detection of EFGR mutations in patients with metastatic NSCLC [12]. Here, the clini-
cal trial design ought to be thoroughly reconsidered: biology is breaking down diseases into
increasingly smaller subsets, for each of which viable therapies will have to be identified [16].

The use of CDx presents considerable limitations, due to the many obstacles that still must
be overcome before this method can be established as an indispensable support to clinical
practice.

One of the main problems is the objective finalistic limits that characterize the evaluation
of the biomarkers, which are due to the likelihood of bias (false positives, false negatives) in
the characterization of the same through currently available methods. It should also be con-
sidered that the possibility to evaluate more than one biomarker in a tissue entails the need to
have substantial quantities of the sample, which is often difficult in clinical practice; this is
therefore a further limit to the increase in the use of CDx [3]. All this significantly affects the
therapeutic appropriateness — and thus the clinical outcome — canceling part of the progress
achieved through genomics and proteomics, aimed at the full realization of a “Precision Medi-
cine”: having adequate amounts of a sample is, in fact, essential in order to make a genomic/
proteomic characterization, which in turn is essential for a targeted selection of the drug.

The literature, in fact, shows how the identification of a single therapeutic target is not suf-
ficient to predict with accuracy the effectiveness of a drug. By way of example, we now know
that patients eligible to anti-EGFR therapy may not benefit from it, if the tumor also presents
RAS mutations: this is the case of certain colon-rectum and lung tumors (KRAS, NRAS);
another example is represented by patients with BCR/ABL+ leukemia who, in the presence
of ABL-kinase mutations, may not respond to imatinib, therefore necessitating a second- or
third-line therapy with TKIs.

There are also important economic aspects to consider in the management of CDx and,
more generally, in the high-performance diagnosis of chronic degenerative diseases. The ratio
between the average cost of an anticancer therapy (e.g. ALK inhibitors for NSCLC) and the
cost of an assay with the relevant diagnostic can be 1000:1. It would therefore be possible
to achieve large savings in treatment costs by excluding those tumor variants which are po-
tentially refractory to treatment, identified with an optimized diagnostic algorithm [17]. In
fact, the trend of the world Health Services to reimburse high-complexity laboratory tests
is gradually declining, also as a result of the remodeling of the reimbursement methodol-
ogy implemented by the National and Regional Authorities which, in an attempt to maintain
the sustainability of the system, consider more favorably low-price diagnostic tests which
involve, among other things, the use of a smaller amount of manpower. On the issue of reim-
bursement, payers, pharmaceutical companies and manufacturers of CDx will have to explore
new risk-sharing patterns [18].

FUTURE CHALLENGES

In the face of financial straits, the growing clinical need to replace traditional diagnostic
tests with new generation ones — for a better and more efficient definition of the biological
profile of the disease, and thus of the possibility of creating personalized therapies — is becom-
ing preponderant. The adoption of a harmonized platform of CDx validated by the Regulatory
Agencies is therefore desirable.

Despite the strong will on the part of the Regulatory Authorities to harmonize the CDx
co-development procedure, no economic strategy has yet been implemented to achieve this
objective [13].
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Ideally, the use of new generation CDx should be extended to all patients with a diagnosis
of cancer and/or chronic degenerative disease, in order to select them and include them in the
appropriate subpopulation for treatment; however, in the perspective of a healthcare savings,
it would be appropriate — at least initially — to restrict this type of diagnostic approach to the
patients who are refractory to other treatments. This procedure would have the dual advantage
of providing a benefit to patients with little or no therapeutic alternatives, and to expand the
number of evidence in the real life setting. All this would facilitate the progressive validation
of methodologies based on clinical data, and their gradual application to increasingly large
populations, after the due regulatory considerations on an informed cost management, thereby
making the healthcare systems availability compatible with the need to cover as broadly as
possible — in order to improve it — the need for a more accurate “centering” of a particular
pathological condition.

In order for the CDx resource to be exploited to the fullest, it is necessary that all the actors
of the system (manufacturers of diagnostics, laboratories performing the tests, pharmaceutical
companies, scientific societies, regulatory agencies, ministries and others) talk to each other,
to develop guidelines specifically aimed at an appropriate use of the CDx.

Naturally, this balance is very delicate, and its realization seems neither easy nor obvious,
both in consideration of the time required for the Regulatory Authorities to carefully assess
the quality of the test development process and its actual value in the context of clinical tri-
als, and in view of the rapid evolution of technology. The path to a synchronized and shared
agreement is therefore not yet clear, and goes through the evaluation of the test and the tools to
implement it, the assessment of the quality control criteria, the standardization of procedures
and the evaluation of the actual clinical relapses. Although at the moment we are in a phase
where the complex regulatory system rightly requires a balanced and proportionate evalua-
tion of the innovation, also with regard to CDx, the possibility to associate the appropriate
therapy, individualized for a specific disease, does not appear, from a technical point of view,
too far away.

In this perspective, particularly in oncology, it is now essential that future clinical studies
are designed so as to match the therapy to a specific molecular makeup [18,19].

As mentioned above, while current CDx have often been developed only after the in-
troduction of the drug on the market, Regulatory Agencies are now showing a preference
for the co-development of drug and CDx. The main challenge of the future may indeed be
the creation of a single regulatory system for all medicinal products, which addresses both
aspects, the drug and the CDx, so as to submit them to the authorization procedure combined
as a single product.

CONCLUSIONS

The progressive implementation of personalized medicine in the healthcare systems will
be of great interest, from different perspectives: for patients, who will benefit from better re-
sults in response to targeted therapies (i.e. personalized, or stratified); for health professionals,
who will face a lower incidence of adverse reactions; for payers, who will be able to improve
the allocation of economic resources, by investing in treatments with a high response rate and
a better cost-effectiveness. All this will take place in parallel to a growing sustainability of
the health system.

Whether the answer to chronic-degenerative — and in particular neoplastic — diseases will
be significantly more effective than it is at present, with a primary benefit to the patient,
the healthcare system and, therefore, the entire society, will depend on the effectiveness of
the dialogue between the actors of the system and the reasonable progressive application of
diagnostic methods that, hopefully, sooner or later will become an indispensable support to
quality care.
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