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Companion diagnostics —a tool to improve pharmacotherapy
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Abstract: The variability of pharmacotherapy can be of a significant magnitude, and the main reason for this
is often diseases heterogeneity. Patients who have similar diagnoses very often respond differently to the same
pharmacological intervention, with great variability in both efficacy and safety outcome. Despite having discussed
personalized medicine for more than a decade, we still see that most drug prescriptions for severe chronic diseases
are largely based on ‘trial and error’ and not on solid biomarker data. However, with the advance of molecular
diagnostics and a subsequent increased understanding of disease mechanisms, things are slowly changing. Within
the last few years, we have seen an increasing number of predictive biomarker assays being developed to guide the
use of targeted cancer drugs. This type of assay is called companion diagnostics and is developed in parallel to the
drug using the drug-diagnostic co-development model. The development of companion diagnostics is a relatively
new discipline and in this review, different aspects will be discussed including clinical and regulatory issues.
Furthermore, examples of drugs, such as the ALK and PD-1/PD-L1 inhibitors, that have been approved recently

together with a companion or complimentary diagnostic will be given.
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Introduction of disease mechanisms, things are slowly changing. Within
o the last few years, we have seen an increasing number
Over the years, several publications have drawn our - . . .
) A o of predictive biomarker assays being developed to guide
attention to the variability of pharmacotherapy, which in . .
the use of targeted cancer drugs. This type of assay is

many cases can be of a significant magnitude (1-3). The called companion diagnostics and is most often developed

main contributor to this variability is diseases heterogeneity,
and patients who have similar diagnoses very often respond
differently to the same pharmacological intervention,
with great variability in both efficacy and safety outcome.
Despite having discussed personalized medicine for more
than a decade, we still see that most drug prescriptions are
largely based on ‘trial and error’ and not on solid biomarker
data (1,4,5). For serious chronic diseases, such an approach
can have unfortunate medical consequences for the
individual patients. However, with the advance of molecular
diagnostics and subsequently an increased understanding
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in parallel to the drug using the drug-diagnostic co-
development model (6). For a number of these drugs the
companion diagnostics have taken up a central role in
the development process, and the success of this type of
targeted therapy largely depends on the performance of the
assays.

At the recent 4™ Joint Congress of the International
Federation of Clinical Chemistry and Laboratory Medicine
(EFLM) and the European Union of Medical Specialists
(UEMS) in Warsaw, Poland, the first author of this article
gave a plenary lecture entitled “Clinical Application
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of Companion Diagnostics” (7). The current article is
primarily based on this presentation and summarizes
some of the recent developments within the fast evolving
area of companion diagnostics and drug-diagnostic co-
development.

Companion diagnostics in a historical perspective

Looking at the history of companion diagnostics, the
first time we see molecular testing integrated in the drug
development process was in the 1970s. When the selective
estrogen receptor modulator tamoxifen (Nolvadex,
AstraZeneca) was developed for the treatment of advanced
breast cancer, and here data on estrogen receptor (ER)
status was correlated with treatment outcome. Based on data
from a phase II study in patients with advanced stage breast
cancer, published in 1976, the investigators concluded: ‘4
high degree of correlation between response and positive estrogen-
receptor assay suggests the value of the diagnostic test as a means
to select patients for tamoxifen treatment’ (8,9). Despite the fact
that this study was published 40 years ago these principles
still apply when drug and diagnostic are developed in
parallel. However, in the described phase II study, testing
for ER status was not performed prospectively, and it
was not until a decade later that the drug-diagnostic co-
development model really proved its value.

In the 1980’s, the US scientist Dennis J. Slamon
discovered the link between amplification of the HER2
gene and poor disease prognosis in breast cancer,
which lead him to suggest the development of a specific
HER2 antagonist (10). This antagonist became the
monoclonal antibody trastuzumab (Herceptin, Roche/
Genentech), and when Genentech developed this drug
for treatment of metastatic breast cancer they developed
a clinical trial assay simultaneously. This assay was an
immunohistochemistry (IHC) assay for determination
of tumor HER2 overexpression. When Genentech took
trastuzumab into clinical development they used this assay
to preselect the patients for treatment with their drug, and
in fact, they formed the basis for the enrichment study
design as we know it today. The diagnostic company Dako
further improved this IHC assay, which today is known
as the HercepTest, and in September 1998 the US Food
and Drug Administration (FDA) simultaneously granted
approval of drug and diagnostic (11,12). HercepTest
became the first companion diagnostic assay linked to the
use of a specific drug, and the way that Genentech did the
parallel development of drug and diagnostic has served as an
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inspiration to a number of other pharmaceutical and biotech
companies as well as regulatory agencies. In 2005 when the
US FDA issued their concept paper on drug-diagnostic co-
development, the inspiration was likewise clear (13).

Over the past 10-20 years an increasing number of drug-
diagnostic combinations have obtained regulatory approval.
Figure 1 gives an overview of this development, beginning
with the development of tamoxifen for treatment of
advanced breast cancer, in the 1970’s, to the recent approval
of the PD-L1 checkpoint inhibitor atezolizumab (Tecentriq,
Roche/Genentech). When atezolizumab was approved by
the US FDA a simultaneous approval was obtained for its
complementary diagnostic assay [Ventana PD-L1 (SP142)
assay] (14-16).

Definitions of companion diagnostics

In the years following the approval of the HercepTest
this type of predictive biomarker assay was referred to as
pharmacodiagnostics, theranostics or pharmacogenetics.
The term companion diagnostic appears for the first time in
the literature in an article published in Nature Biotechnology
in 2006 (17). Here, the authors stated that this type of assay
could simplify the drug discovery process, make clinical
trials more efficient and informative as well as be used
to individualize therapy. Now, companion diagnostics is
also the term that the different regulatory authorities have
adapted to describe a predictive biomarker assay developed
in parallel to a specific drug (18,19).

In 2014, the US FDA issued a guidance document on
In Vitro Companion Diagnostics Devices in which they
defined what a companion diagnostic is (18). According to
this definition, a companion diagnostic assay is an in vitro
diagnostic device that provides information that is essential
for the safe and effective use of a corresponding therapeutic
product. Furthermore, the US FDA specifies four areas,
where a companion diagnostic assay could be essential:
(I) to identify patients who are most likely to benefit from
the therapeutic product; (II) to identify patients likely
to be at increased risk of serious adverse reactions as a
result of treatment with the therapeutic product; (III) to
monitor response to treatment with the therapeutic product
for the purpose of adjusting treatment (e.g., schedule,
dose, discontinuation) to achieve improved safety or
effectiveness; and finally; (IV) to identify patients in the
population for whom the therapeutic product has been
adequately studied, and found safe and effective, i.e., there
is insufficient information about the safety and effectiveness
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Tamoxifen (Nolvadex®, AstraZeneca) - Breast Cancer / ER

HER2

Trastuzumab (Herceptin®, Roche/Genentech) — Breast/Gastric Cancer (HER2 subd. IV)

Imatinib (Gleevec®, Novartis) - CML (bcr-abl) and GIST (c-KIT)
Gefitinib (Iressa®, AstraZeneca) - Non-Small Cell Lung Cancer (EGFR)
Erlotinib (Tarceva®, Roche/Genentech) - Non-Small Cell Lung Cancer (EGFR)

Vemurafenib (Zelboraf®, Roche/Genentech) - Melanoma (BRAF V600E)

Crizotinib (Xalkori®, Pfizer) - Non-Small Cell Lung Cancer (EML4-ALK)

Pertuzumab (Perjeta®, Roche/Genentech) - Breast Cancer (HER2 subd. II)

Ceritinib (Zykadia™, Novartis) - Non-Small Cell Lung Cancer (EML4-ALK)

Olaparib (Lynparza™, AstraZeneca) - Ovarian Cancer (BRCA-mutated)

Pembrolizumab (Keytruda® , MSD) - Non-Small Cell Lung Cancer, Melanoma (PD-1)

Nivolumab (Opdivo®, Bristol-Myers Squibb) - Non-Small Cell Lung Cancer, Melanoma (PD-1)
Atezolizumab (Tecentriq®, Roche/Genentech) - Urothelial carcinoma, Non-Small Cell Lung Cancer (PD-L1)

Figure 1 Drug-diagnostic codevelopment in oncology. Overview of selected drug-diagnostic codevelopments from tamoxifen to the recent

approval of atezolizumab. The figure is based on data extracted from the US FDA List of Cleared or Approved Companion Diagnostic

Devices (14).

of the therapeutic product in any other population.
Overall, the US FDA definition can be summarized as
outcome prediction (efficacy and safety) as well as therapy
monitoring. The fourth item mentioned in the definition
can be regarded as a kind of disclaimer, which is related
to the type of study design most often used in the clinical
validation of companion diagnostic assays; the enrichment
or targeted study design.

Until now no official definition of what a companion
diagnostic is has been made in the European Union (EU).
However, this will soon change with the implementation
of the new legislation on in vitro diagnostic medical
devices (19). According to the draft published in June 2016
the definition of a companion diagnostic assay is somewhat
different compared to the 2014 guidance document on In
Vitro Companion Diagnostics Devices issued by the US
FDA. In the new EU regulation, it is stated that companion
diagnostics are essential to define a patient’s eligibility to
a specific treatment with a medicinal product through the
quantitative or qualitative determination of specific markers
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identifying subjects at higher risk of developing adverse
reaction to the specific medicinal product, or identifying
patients in the population for whom the therapeutic product
has been adequately studied, and found safe and effective.
Such biomarker(s) may be present in healthy subjects and/
or in patients. Furthermore, it is stated that devices used
to monitoring a treatment with a medicinal product in
order to ensure the concentration of relevant substances in
the human body is within the therapeutic window are not
considered companion diagnostics. Especially the last part
of the EU definition is different compared to the US one,
where monitoring of response to treatment with a medical
product is included in the definition of a companion
diagnostic assay.

Drug-diagnostic co-development

Companion diagnostic assays are most often developed in
parallel to a drug, using the drug diagnostic co-development
model. The success of this model depends on the strength
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of the biomarker hypothesis deduced during the early
research and preclinical phases of the drug development.
The generation of a solid hypothesis requires a thorough
molecular understanding of both the disease biology and the
drug mechanism of action (4,7). Based on this hypothesis
a prototype assay is developed, which is then tested in the
early phase of the clinical development in order to assess
the predictive potential. If such a potential exists the next
step is the analytical validation; however, before this part
can be finalized the clinical cut-off must be selected. The
selection of cut-off can be a very challenging exercise, due
to the often limited clinical outcome data available at this
early stage of development.

How critical it is to select the right cut-off has been
demonstrated very recently with respect to the PD-1
immune checkpoint inhibitors pembrolizumab (Keytruda,
Merck Sharp & Dohme) and nivolumab (Opdivo, Bristol-
Myers Squibb) in relation to first-line treatment of
advanced stage non-small cell lung cancer (NSCLC)
(20-22). The companion diagnostic (PD-L1 IHC 22C3
pharmDx, Dako) linked to pembrolizumab has a cut-off
of 50% PD-L1 expression whereas this is only 5% for
the assay (PD-L1 IHC 28-8 pharmDx, Dako) linked to
nivolumab. At the recent ESMO Congress in Copenhagen
data with both immune checkpoint inhibitors was
presented, and here, nivolumab, in the CheckMate 026
study, failed to demonstrate superiority over platinum based
chemotherapy (22). Despite it is not possible to make
a direct comparison between the two drug-diagnostic
combination, a likely explanation for the failure of
nivolumab is the lower assay cut-off value that allow a
wider patient population to be treated with this drug. As
this recent example shows, the selection of the right clinical
cut-off for a companion diagnostic assay can in fact be a
question about success or failure for the drug it is meant to
guide. Despite the different IHC PD-L1 assays seeming
to lack sufficient sensitivity, they have to some extent been
able to predict the response to treatment with the different
immune checkpoint inhibitors. This is particularly true for
patients with high expression levels of PD-L1 in NSCLC,
urothelial carcinoma and melanoma (23-25).

When the clinical cut-off has been selected the analytical
validation of the companion diagnostic assay can be finalized.
The validation must demonstrate that the assay is robust
and reliable. It does not matter that a strong biomarker
hypothesis has been generated and the prototype assay has
demonstrated a predictive potential during early clinical
development, if the results cannot be trusted. When the
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analytical validation has been concluded successtully the final
clinical validation can be initiated. Here, the companion
diagnostic assay must demonstrate its ability to stratify the
patients into likely responders or likely non-responders, and
subsequently also show that the group of patients that was
characterized as likely responders were also the ones that
benefitted the most from the treatment with the drug. The
clinical validation of the assay is normally performed in the
late clinical phases, phase IIb or phase 111, at the same time as
safety and efficacy are demonstrated for the drug. If the goals
are fulfilled with respect to safety and efficacy for the drug-
diagnostic combination, a simultaneous regulatory approval
will most likely be granted for both. This simultaneous
approval process makes sense, due to the fact that the
analytical and clinical validated companion diagnostic assay
need to be available at the same time as the drug, in order
to guide its use (7). Figure 2 summarizes the different major
steps in the development of a companion diagnostic assay,
from biomarker discovery to regulatory approval.

Over the past 5 to 10 years we have witnessed a number
of drug development programs within oncology that
have been concluded successfully and where companion
diagnostic assays have played a crucial role. One such
example is the development of the ALK inhibitor crizotinib
(Xalkori, Pfizer) for treatment of NSCLC. Here, the
concurrently developed ALK break-apart FISH assay (Vysis
ALK Break Apart FISH Probe Kit, Abbott Molecular) was
used to detect ALK-rearrangement and thereby enriching
the study population with biomarker positive patients
only. Two open, non-randomized studies with a total of
255 ALK-positive patients were sufficient to demonstrate
efficacy of crizotinib and to obtain US FDA approval (26).
After the approval in 2011 of crizotinib, two other ALK
inhibitors have subsequently been approved for treatment
of advanced stage ALK-positive NSCLC, and here, the
clinical development programs were based on even fewer
patients. However, the recent approval of crizotinib for
treatment of NSCLC patients with ROSI-rearrangement
was even lower as regards to the number of patients. Here,
only 50 ROSI-positive metastatic NSCLC patients treated
in one single-arm study were sufficient to demonstrate
efficacy and obtain regulatory approval by the US FDA (27).
The objective response rate in this group of patients was
close to 70% with a median duration of response of more
than 18 months, which is quite impressive in patients
with metastatic NSCLC (28,29). Such results are only
obtainable if there is a thorough molecular understanding
of the pathophysiology and the mechanism of action of the
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drug, and this knowledge is “translated” into a practical
usable companion diagnostic that is able to select the group
of likely responding patients. Tuble I gives an overview
of the ALK and ROSI inhibitors approved so far and the
number of patients and clinical studies that was needed to
demonstrate efficacy of the individual drugs.

An objective response rate in the range of 60%-70%,
as described above for crizotinib in patients with ROSI-
rearrangement, is an impressive outcome in patients with
metastatic NSCLC. However, looking at the results from
other oncology drug development programs, where the
drug-diagnostic co-development model has been used, this
is not outstanding. In Tuble 2 are listed some of these drugs
that all have obtained approval within the past 15 years for
different advanced or metastatic cancer indications. The

Drug Companion Diagnostic
Development Development

Discovery Research  — Biomarker Selection

Pre-Clinical -

Feasibility Studies

Clinical Phase | — —  Prototype Assay(s)

Clinical Phase Il Analytical Validation

Clinical Phase lll Clinical Validation
Regulatory Approval Regulatory Approval

Post Approval Phase Clinical Utility

Figure 2 Parallel development of drug and diagnostic. The major
steps in the development of a companion diagnostic assay from

biomarker discovery to regulatory approval.
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objective response rates listed in the table are extracted
from the prescribing information available to healthcare
professionals in the US (30). The majority of the drugs
listed in T@ble 2 are not classified as chemotherapeutics but
rather as targeted drugs, either monoclonal antibodies or
small molecules, predominantly tyrosine kinase inhibitors.
If these drugs are broken down according to whether they
have a companion diagnostic assay linked to their use
or not, there is a clear trend towards a somewhat higher
response rate for the group of drugs with a companion
diagnostic (4). The objective response rates for this group
range from 41.0% to 80.2%, while for the group of drugs
that have no companion diagnostic assay linked to their use
this is from 6.8% to 45.0%. The result of this simple survey
seems to indicate that integration of molecular diagnostics
matters for the clinical outcome of oncology drugs.

Clinical application of companion diagnostics

Another group of small molecule tyrosine kinase inhibitor
that have demonstrated similar high response rates in
NSCLC as the ALK inhibitors is the EGFR inhibitors,
such as gefitinib (Iressa®, AstraZeneca) and erlotinib
(Tarceva, Roche/Genentech). These compounds are active
in NSCLC patients harboring an activating EGFR mutation
(EGFR M+) and also here the objective response rates are
in the range of 60% to 70% (30-32). For both gefitinib and
erlotinib companion diagnostics have been developed based
on a real-time PCR platform (15).

Despite strong clinical evidence that the efficacy of
EGFR inhibitors is restricted to patients with EGFR M+
there still seems to lack understanding of the importance
of companion diagnostic testing. An international survey,
based on reply from 562 oncologists from 10 different
countries, was recently presented at the European Lung
Cancer Conference in Geneva, Switzerland (33). This

Table 1 The number of patients and clinical studies that was needed to demonstrate efficacy of the currently approved ALK and ROS1 inhibitors

Drug Target population

Efficacy data (No. of patients)

Number of clinical studies US FDA approval

Crizotinib (Xalkori) ALK+ Metastatic NSCLC

Ceritinib (Zykadia) ALK+ Metastatic NSCLC
Alectinib (Alecensa) ALK+ Metastatic NSCLC

Crizotinib (Xalkori) ROS17+ Metastatic NSCLC

255 2 Aug 2011
163 1 April 2014
225 2 Dec 2015
50 1 March 2016

NSCLC, non-small cell lung cancer.
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Table 2 Objective response rates for selected oncology drugs with (upper part) and without (lower part) a companion diagnostic assay linked to

their use

Drugs

Indication

Biomarker(s)

Response rate (%)

Drugs with a companion diagnostic
Pertuzumab (Perjeta)
Crizotinib (Xalkori)
Erlotinib (Tarceva)
Osimertinib (Tagrisso)
Cetuximab (Erbitux)
Imatinib mesylate (Gleevec)
Dabrafenib (Tafinlar)
Vemurafenib (Zelboraf)
Ado-trastuzumab emtansine (Kadcyla)
Pembrolizumab (Keytruda)

Drugs without a companion diagnostic
Bevacizumab (Avastin)
Ixabepilone (Ixempra)
Paclitaxel protein-bound particles (Abraxane)
Pemetrexed (Alimta)
Pembrolizumab (Keytruda)
Capecitabine (Xeloda)
Ziv-aflibercept (Zaltrap)
Eribulin Mesylate (Halaven)
Ipilimumab (Yervoy)

Sunitinib malate (Sutent)

Breast cancer HER2 80.2
NSCLC ALK 65.0
NSCLC EGFR 65.0
NSCLC EGFR T790M 59.0
Colorectal cancer EGFR/KRAS 57.0
GIST CD117 53.9
Melanoma BRAF 52.0
Melanoma BRAF 48.4
Breast cancer HER2 43.6
NSCLC PD-L1 41.0
Colorectal cancer - 45.0
Breast cancer - 34.7
NSCLC - 33.0
NSCLC - 271
Melanoma - 24.0
Colorectal cancer - 21.0
Colorectal cancer - 19.8
Breast cancer - 11.0
Melanoma - 10.9
GIST - 6.8

The indications mentioned in the table are for metastatic and/or advanced stage disease. All drugs listed in the table have obtained FDA

approval after 2000 (30). NSCLC, non-small cell lung cancer, GIST, gastrointestinal stromal tumors.

survey showed that for nearly 25% of patients with
advanced NSCLC, the EGFR M+ test result was not
available at the time of treatment initiation. A significant
variation between countries was observed. For Japan, this
figure was only 11% while for France it was as high as 51%.
Furthermore, more than half of all the oncologist surveyed
stated that their treatment decision was not affected by
EGFR mutation subtype. Another survey performed among
medical oncologist in the USA, and presented at the ASCO
meeting in 2014, showed similar results (34). So, despite
having known these types of assays within oncology for a
number of years, there still seem to lack understanding of
the clinical importance, and the findings in these surveys

© Annals of Translational Medicine. All rights reserved.

demonstrate a need for further education on how critical
companion diagnostic testing is.

Regulatory aspects

In the US, companion diagnostics are classified as In Vitro
Diagnostic (IVD) class III products, which according to
the regulations are medical devices that usually support
or sustain human life, are of substantial importance in
preventing impairment of human health, or which present
a potential, unreasonable risk of illness or injury (35).
Furthermore, an IVD Class III product normally requires
a pre-market approval (PMA) application to secure a high
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standard of both the analytical and clinical performance of
the assays. Compared to other types of IVD submissions
the PMA application requires the most comprehensive
documentation level. The way that companion diagnostics
are classified by the US FDA underlines the critical role
of these assays in the treatment decision process for the
individual patient.

The regulatory framework for companion diagnostics in
the EU is the IVD Directive 98/79/EC issued in 1998 (36).
However, this directive does not mention this type of assay
in the definition of an IVD, and likewise, the classification
system does not consider companion diagnostics at all, which
of course has to do with the age of the directive. Currently,
any companion diagnostics entering the EU market is
classified as general IVD, which means low risk devices.
Through the so-called self-certification procedure, the
manufacturer performs a conformity assessment according
to the IVD Directive, and then subsequently CE-mark the
assay. Compared to the PMA approval process in the US,
the EU self-certification procedure must be considered a
very different regulatory pathway, which does not take into
consideration the critical role of the companion diagnostics
in relation to the treatment decision (7). However, this will
be changed in the near future as the European Commission
has proposed a new regulatory framework that will be more
up-to-date with the current thinking when it comes to safety
and effectiveness of this type of assay (19). An important
change in the new regulation is that companion diagnostics
will no longer be considered low risk devices, and likewise
self-certification will no longer be a possibility. According
to the proposed new regulation, companion diagnostics will
be classified as class C, which means a high individual risk
or moderate public health risk, where an erroneous result
would put the patient in an imminent life-threating situation
or would have major negative impact on outcome (37).
Furthermore, a requirement will also be that an independent
notified body should perform the conformity assessment, and
that this notified body has to consult the European Medicines
Agency (EMA) or one of the medical product national
competent authorities (19).

Also outside the US and Europe, especially in Asia, new
legislation has recently been implemented for companion
diagnostic assays. In Japan, a risk based classification
system similar to the one in US has been implemented,
with companion diagnostics being classified as Class III
products (38). However, there are some areas were the
legislation differs from that of the US. One is in relation
to the simultaneous regulatory approval of drug and
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diagnostic. In the Japanese legislation, the pharma and
diagnostic companies are encouraged to cooperate from the
very early stages of the drug development process in order
to be able to finalize the companion diagnostic development
prior to the approval of the corresponding drug. Such an
approach will enable the testing laboratories to be prepared
for the use of the assay in advance of the anticipated drug
approval. Furthermore, the inclusion of biomarker-negative
patients in the early phase clinical studies is strongly
emphasized in the Japanese regulations.

According to the US FDA “List of Cleared or Approved
Companion Diagnostic Devices”, 18 drugs have a
companion diagnostic linked to their use so far. Beside
these 18 drugs, 2 additional drugs have a complimentary
diagnostic liked to their use. When the US FDA recently
approved the PD-L1 checkpoint inhibitor nivolumab and
atezolizumab they approved the PD-L1 IHC 28-8 pharmDx
and the Ventana PD-L1 (SP142) assay as complementary
diagnostics at the same time. Despite the US FDA having
started to use the term, complimentary diagnostic, they have
not yet officially defined this new class of diagnostic assay.
However, a draft definition has recently been presented,
and this definition says that a complementary diagnostic
is “A test that identify a biomarker-defined subset of patients
that respond particularly well to a drug and aid risk/benefit
assessments for individual patients, but that are not pre-requisites
for receiving the drug” (39). Table 3 lists the drugs that have
been approved by the US FDA with either a companion or
complementary diagnostic.

Conclusions

Drugs work at the molecular levels and this needs to be
the point of reference, if we want to improve the current
pharmacotherapy. For severe chronic diseases, the
treatment decision should be based on solid biomarker data
and not on a type of “trial and error” approach. Within the
treatment of cancer, the combination of drug and diagnostic
has already proved its value. Companion diagnostics have
shown to be an important tool both in relation to the drug
development process as well as for the treatment of the
individual patients in the clinic. However, the number
of companion diagnostics assays are still relatively low,
but based on a recent survey among pharma companies
it seems that the number will increase in the years to
come, especially within oncology (40). A widespread use
of this type of assay would lead to a more rational and
cost-effective pharmacotherapy to the benefit of both the
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Table 3 Drugs that have been approved with either a companion or complementary diagnostic (15)

Drug Indication Type of assay Biomarker(s)
Companion Diagnostics
Dabrafenib (Tafinlar) Melanoma tissue Real-time PCR BRAF
Ado-trastuzumab emtansine Breast cancer IHC HER2
(Kadcyla)
Afatinib (Gilotrif) Non-small cell lung cancer Real-time PCR EGFR
Cetuximab (Erbitux) Colorectal cancer Real-time PCR KRAS
IHC EGFR
Crizotinib (Xalkori) Non-small cell lung cancer IHC, FISH ALK

Deferasirox (Exjade)
Erlotinib (Tarceva)
Gefitinib (Iressa)

Imatinib mesylate
(Gleevec/Glivec)

Olaparib (Lynparza)
Osimertinib (Tagrisso)

Panitumumab (Vectibix)

Pembrolizumab (Keytruda)
Pertuzumab (Perjeta)
Tramatenib (Mekinist)

Trastuzumab (Herceptin)

Vemurafenib (Zelboraf)
Venetoclax (Venclexta)
Complementary diagnostics

Atezolizumab (Tecentriq)

Nivolumab (Opdivo)

Thalassemia

Non-small cell lung cancer
Non-small cell lung cancer
Aggressive systemic mastocytosis

Myelodysplastic syndrome/
Myeloproliferative disease

Gastrointestinal stromal tumors
Ovarian cancer
Non-small cell lung cancer

Colorectal cancer

Non-small cell lung cancer
Breast cancer
Melanoma tissue

Breast cancer

Metastatic gastric or gastroesophageal

junction adenocarcinoma
Melanoma tissue

B-cell chronic lymphocytic leukemia

Urothelial carcinoma
Non-small cell lung cancer

Melanoma and
Non-small cell lung cancer

MRI technology
Real-time PCR
Real-time PCR
PCR

FISH

IHC

PCR and Sanger sequencing

Real-time PCR
Real-time PCR
IHC

IHC

IHC, FISH
Real-time PCR
FISH, IHC, CISH
IHC, FISH

Real-time PCR
FISH

IHC

IHC

Liver iron concentration
EGFR

EGFR

D816V

PDGFRB

c-kit

BRCAT1 and BRCA2
EGFR

KRAS

EGFR

PD-L1

HER2

BRAF

HER2

HER2

BRAF
LSI TP53

PD-L1

PD-L1

PCR, Polymerase chain reaction; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; CISH, Chromogenic in situ
hybridization; MRI, magnetic resonance imaging; HER2, human epidermal growth factor receptor 2; EGFR, epidermal growth factor
receptor; ALK, anaplastic lymphoma kinase; PDGFRB, beta-type platelet-derived growth factor receptor; BCRA1, breast cancer type 1

susceptibility protein; BCRA2, breast cancer type 2 susceptibility protein; PD-L1, programmed death-ligand 1.
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individual patient and the healthcare system as a whole.
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