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1. Introduction

Traditionally, classification of cancers is based on their histology and anatomical location,
e.g., small-cell lung cancer, pancreatic adenocarcinoma, gastrointestinal stromal tumor
(GIST). In consequence, the development of cancer treatments has also followed a histology

and anatomy specific pathway.

Evolving knowledge on gene expression, (epi)genomics and mechanisms of cancer genesis or
progression has resulted in the description of various oncologic driver mechanisms. These
milestones in cancer research lead imperatively to the development of novel strategies in
cancer drug development triggered by the understanding of the underlying biology through
sophisticated, biomarker driven clinical trials (Park et al. 2019; Lacombe et al. 2014).
Targeting specific biological pathways has raised the expectation of more focused and

personalized treatments in the oncologic field.

To date, plenty of targeted oncologic medicinal products have been developed in combination
with an adequate biomarker assay (Companion Diagnostic) (US FDA 2019.) Nonetheless,
these drugs have been still approved within a conventional cancer indication, based on tumor
histology. In 2017, the Food and Drug Administration (FDA) approved the monoclonal
antibody pembrolizumab (Keytruda, MSD) for the treatment of microsatellite instability-high
(MSI-H) and mismatch-repair-deficient (AIMMR) positive patients (Lemery 2017).
Subsequently, the kinase-inhibitor larotrectinib (Vitrakvi, Loxo Oncology/Bayer), a small
molecule, for patients with neurotrophic receptor tyrosine kinase (NTRK) fusion was
approved by the FDA and the European Medicines Agency (EMA) (Drilon et al. 2018;
CHMP 2019). This regulatory decision made by the FDA and the EMA should be classified
as a paradigm shift in biomarker guided cancer drug development. In contrast to oncologic
drugs developed traditionally, at least larotrectinib was not developed for conventional cancer
indications defined by their histology and anatomical location, but based on its effect related

to specific molecular aberrations or mutations.

Considering this milestone in cancer drug development, the objective of this master thesis is
to describe the regulatory view on this paradigm shift. After providing some fundamental

definitions, the thesis will analyze the two histology independent applications. The differences
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in the requirements and challenges between both approvals will be highlighted and the
differences in the US and EU regulatory environments will be identified. After a discussion
on the imperative nature of this paradigm shift, conclusions and a detailed outlook on further

histology independent drug developments in the pipeline will be provided.

2. Drug development in oncology: the traditional paradigm and the global
revolution of classical concepts

2.1. What defines disease and population in oncology

In the past years, cancer therapy has been rapidly changing from the “one fits all” cytotoxic
therapies to specific approaches, which are designed to precisely target molecular alterations
(Coyle et al. 2017). Starting with the introduction of chemotherapeutics at the beginning of
the 20" century (DeVita and Chu 2008), oncologic drugs were developed and approved
based on conventionally defined cancer indications. Conventionally defined cancer
indications use tumor histological classifications related to a specific anatomic location
(Jorgensen 2019). In consequence, the indication was always defined by tumor type and line
of therapy, e.g., first-line advanced and metastatic non-small cell lung cancer (NSCLC) or

hepato-cellular carcinoma (HCC) after previous sorafenib treatment.

Classitying cancers according to the organ they grow in is owed to the hypothesis that the
origin of the tumor is what causes its biological behavior and can therefore guide us in
understanding its pathophysiology and treating it properly (Raez and Santos 2018). A
consequence of this traditional drug development paradigm is that there exist approximately
150 types of cancer categorized primarily according to organ-specificity. These are sometimes
subgrouped according to patient age or the cell types affected (NCI 2019). This is also
reflected in the current treatment guidelines, such as by the National Comprehensive Cancer
Network (NCCN) or the European Society of Medical Oncology (ESMO), which are
primarily organized along the affected organ systems (e.g., lung cancer, breast cancer, or

colorectal cancer) (NCCN Guildelines; ESMO Guidelines)



2.2. A new era: personalized medicines - identification of biomarkers and correlation with

diseases and progression
A biomarker is “a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention” (Strimbu and Tavel 2010). Biomarkers in oncology can be classified
as prognostic or predictive. A prognostic biomarker is associated with disease outcome.
Prognostic biomarker expression on cancer cells can predict either a better or a worse overall
survival of the patient. A predictive biomarker is used to identify patients who are more likely
than patients without this biomarker to experience a favorable or unfavorable effect under
treatment with a special medical product (FDA Biomarker Working Group) (Figure 1). In
general, biomarkers can be both predictive and prognostic, but predictive and prognostic are

not necessarily associated.
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Figure 1 The role of biomarkers in oncologic drug development

The implementation of biomarkers into cancer drug development has helped to focus on
subpopulations of cancers that are predicted to be more responsive to the pharmacodynamic
modulation by the medicinal products, especially those targeting molecular biomarkers (Yan
and Zhang 2018). As a consequence, the clinical benefit for populations expressing those
molecular targets or biomarkers is enhanced. Over the past two decades the FDA and the
EMA have approved more than 50 molecularly targeted oncology drugs. These therapies
include both small molecules and biologics (generally antibodies) targeting cancer specific

pathways. The different mechanisms of action are inducing programmed cell death
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(apoptosis), blocking specific enzymes and growth factor receptors involved in cell
proliferation, or modifying the function of proteins that regulate gene expression and other
cellular functions (Hanahan, Douglas and Weinberg, Robert A. 2000) (Figure 2). The success
of treatments directed against molecular targets started with drugs against hematological
cancers, such as imatinib against the BCR-ABL fusion gene in chronic myologenous
leukemia (CML), rituximab (anti-CD-20) against B-cell lymphomas and retinoic acid against
PML/RAR fusion in acute promyelocytic leukemia (AML). The first landmark in the solid
tumor area was the development of trastuzumab against human epidermal growth factor 2
(HER2)-positive breast cancer, which dramatically improved the outcome of patients with this
type of cancer (Vogel et al. 2002). This illustrated the potential of targeted therapies in tumors
sustaining special genetic aberrations or differential protein expression, predicted to mediate
therapy sensitivity (predictive biomarker; Figure 1). More recently, checkpoint inhibiting
programmed cell death protein-1/programmed cell death-ligand 1 (PD-1/PD-L1)-antibodies
have been approved in various cancer types (Gong et al. 2018). The PD-1/PD-L1 interaction
is a key factor for the immune evasion mechanisms exploited by tumor cells (please refer to
Chapter 3.1). Responses to PD-1/PD-L1 antibodies in advanced cancers like melanoma or
NSCLC can be regarded as outstanding. In consequence, drug development entered a new
era where predictive biomarkers are the decisive factor in the drug development process

(Jorgensen 2019).

In the US, targeted therapies are generally approved with companion diagnostic tests (CDT).
The FDA definition for companion diagnostic is that it is a medical device, often an in vitro
diagnostic (IVD), which provides information that is essential for the safe and effective use of
a corresponding drug or biological product. CDTs are developed in order to decide which
targeted therapy strategies should be utilized for specific patients. In the European regulatory
framework, legislations covering the development and marketing of medicinal products (MPs)
and assays (IVDs) are not directly linked. Nevertheless, in the past years regulatory guidances
concerning biomarker assay development (EMA/CHMP/800914/2016 2016) have been
revised or are under revision. In addition, the new IVD Regulation 2017/746 (applies in May
2022) states that assays (including potential CDTs) are principally IVDs falling under the
regulation. All these efforts to improve the performance of biomarker assay development

reflect the importance of biomarker and targeted therapies in the past 20 years.

Nevertheless, one has to point out that for most of these MPs, defined as targeted therapies for

subpopulations of cancers, the therapeutic benefit was received by targeting genetic
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alterations that, retrospectively evaluated, were only restricted to very few cancer types. This
has been the case for EGFR inhibitors (e.g. Gefitinib, Erlotinib, Lapatinib) for EGFR
activating mutations, Alk inhibitors (e.g.crizotinib, encretinib) for ALK fusions and for the
HER2-overexpression. For HER2-amplified and BRAF mutant tumors, it turned out that the
efficacy observed in one tumor type can differ substantially from the treatment effect in
various others with the same genetic alteration (Flaherty et al. 2010; Kopetz et al. 2015;
CHMP 2005). One of the most illustrative cases is the development of the v-Raf murine
sarcoma viral oncogene homolog B1 (BRAF). The BRAF inhibitor vemurafenib showed
promising efficacy in patients with melanoma enrolled in a phase I trial (ORR=81%)
(Flaherty et al. 2010). However, only 5% of BRAFmut patients with colon cancer responded
to verumafenib monotherapy, reflecting the heterogeneous pattern of BRAF activation within
this histology (Kopetz et al. 2015). Retrospectively gained preclinical insights showed that,
especially in colon cancer, the verumafenib effect could be rapidly bypassed by an escape
mechanism (ERK reactivation through an EGFR-mediated activation of RAS and C-RAF).
(Prahallad et al. 2012). This special mechanism is not activated in melanoma patients,
therefore the difference could be explained, but the BRAF case was a throwback for the
histology independent drug development.

Programmed cell death protein-1/programmed cell death-ligand 1 (PD-1/PD-L1) was also
expected to be a “pan-tumor” biomarker. The target PD-1 or PD-L1 is overexpressed in
various different tumor types, but it was demonstrated that the predictive accuracy for the
treatment varies significantly across cancer types (EPAR-Keytruda). Therefore, one has to
take into consideration that drug development even in this early personalized era was still
based on the original tumor type/histology. It was predicated on a biomarker within a tumor

type, e.g., HER-2 positive breast cancer or RAS-wild type colorectal cancer.
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Figure 2 Systemic view of therapeutics selectively targeting HER2, EGFR, PD-1/PD-L1 or
cell circle signaling adapted from Twomey et al. 2017. Herceptin (trastuzumab), Kadcyla
(trastuzumab emtansin), Tykerb ( lapatinib) target at HER2; Peretja (pertuzumab) HER3;
Erbitux (cetuximab), Vectitbix (panitumumab), Tarceva (erlotinib), Iressa (gefitinib), Gilotrif
(afatinib), Targisso (osimertinib) target at EGFR; Mekinist (trametinib) is a MEK-inhibitor
and Tafinar (darafenif), Zelobraf (verumafenib) are two of the BRAFmut inhibitors. A variety
of PD-1/PD-L1 inhibitors are approved Tecentriq (atezolizumab), Bavencio (avelumab),
Imfinzi (durvalumab) targeting PD-L1 and Opdivo (nivolumab), Libtayo (cemplicimab) and

Keytruda (pembrolizumab) targeting PD-1.



2.3. Paradigm shift to histology independent indications

Nonetheless, the recent advances in human genome sequencing and the subsequent
availability of comprehensive, clinical grade molecular profiling platforms have increased not
only the number of predictive biomarkers, but also the quality of the biomarkers serving to
predict the effectiveness of MPs in various cancers. Targeting tumor-specific pathways raises
hopes of a focused medicine, which could lead to the development of more efficient and
adjusted treatments for patients. Consequentially, drug development paradigms have had to
adapt to a number of challenges. These challenges include in particular the decreasing
frequencies of molecular alterations/biomarkers (resulting in rare subpopulations) and the
identification of biomarkers across multiple tumor histologies (Weinstein and Joe 2006;
Akbani et al. 2014; Overman et al. 2017). Clinical trials including patients based on molecular
aberrations instead of pure pathology criteria are on the rise. They have evolved to incorporate
a strong focus on histology independent drug development. Examples of standard clinical
trials types that, although not completely histology independent, do already provide insights

into the risks and benefits beyond a single histology are shown in Table 1.

o

Standard anatomically based trial c Current standard © Single indication

N-of-1 . Highly personalized 0 Not designed for marketing
authorization (Kauselmann,
2017)

© Not frequently used in

oncology

Basket trials . Pragmatic: many in one 0 Operational challenges

(across departments)
Cost benefits

Extensive translational
Possible in rare cancers )
research required

Enhance knowledge for basic
© Different biology across
research
different tumor types

Table 1 Risk and benefits of different types of trials adapted from Lacombe et al. 2014



An N-of-1 trial (not designed for marketing authorization) is a clinical trial that uses repeated
cycles of treatments, with different medicinal products (test MP and control), in a single
patient. The N-of-1 trial is rather deigned for chronic disease the for cancer indications and
the use in oncologic trials required some modifications (Collette and Tombal 2015). The trial
concept of choice to date for studying efficacy across different tumor indications is the basket
trial. In contrast to the classical trial concept, in basket trials, patients with a range of
histologies are grouped under the same treatment protocol (Figure 3). Basket trials include
parallel cohorts with a separate statistical design for each cohort. In general, no randomized

control arm is included for each cohort.

FrEEE
L =

%

LA LA

Figure 3 Principle of basket trials

In the past years, an increasing amount of basket trials were initiated. A comprehensive search
in the EudraCT database was performed (please refer to the Annex). Out of 2500 oncological
trials, 81 trials were classified as basket trials, excluding trials that evaluate pharmakokinetiks
and safety alone. One has to take into consideration that most basket trials are still designed
to evaluate safety and preliminary efficacy in different indications and are mostly of
exploratory nature, but 24 trials could be defined as potential pivotal for a histology
independent indication. There are to date two basket studies, served as pivotal trial for a
histology independent approval: KEYNOTE-16, evaluating the efficacy of pembrolizumab in
MSI-H patients with colorectal carcinoma (CRC) and other tumors, and the LOXO-TRK-
15002 study, evaluating larotrectinib in patients with neurotrophic receptor kinase (NTRK)



fusions. Both medicinal products were approved in the US in 2017 and 2019. Larotrectinib

was also approved with a histology independent indication in the EU in September 2019.

With the two drug approvals mentioned above, precision medicine just witnessed a
breakthrough in oncology. Histology independent (or tumor agnostic therapy') has become a
reality. This must be considered a paradigm shift in the cancer drug development. The next
two chapters focus on these approvals, their differences and the regulatory conclusions one

can draw from both cases.

3. Histology independent indications — case studies

3.1. The first histology independent indication approved by the FDA - Keytruda in MSI-H
solid tumors.

PD-1 inhibition and cancer therapy

Binding of the PD-1/PD-L1 ligand-receptor activates a signaling pathway that downregulates
the inflammation response and therefore controls T-cell responses, to prevent exceeding
immunereactions (Kythreotou et al. 2018; Wei et al. 2018). PD-1 regulates the activation of
T-Lymphocytes through interaction with its ligands PD-L1 and PD-L2 (Freeman et al. 2000).
PD-1 is expressed on T and B lymphocytes upon activation (Agata et al. 1996). The ligands
(PD-L1 and PD-L2) are broadly expressed in non-lymphoid tissues, and therefore PD-1
reduces mainly the T-cell activation in the periphery (Keir et al. 2006). After binding of its
ligands, PD-1 transmits a negative costimulatory signal via the tyrosine phosphatase SHP2 in

order to suppress T-cell activation (Sun et al. 2018; Wei et al. 2018). Thus, the PD-1/PD-L1

' The term “histology or tumor agnostic” was and is still often used for description. The word
“agnostic” stems from the ancient Greek and literally means “without” (a) “knowledge” (gnosis).
Strictly speaking, histology agnostic trials would imply that nothing is known about the histology of
the tumor in such trials. Currently, pure histology agnostic trials do not exist, although there are
clinical trials that have been opened across tumor types (Lacombe et al. 2014). Therefore, the term

tumor agnostic is not used in this master thesis and the term histology independent is used instead.
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axis is a central pathway to maintain immune tolerance and for the prevention of autoimmune
reactions, but additionally the PD-1/PD-L1 interaction is also responsible for the balance
between tumor immune surveillance and immune resistance (Hirano et al. 2005; Ribas 2015) .
Chapter 2.2 already shortly introduced the discovery of cancer therapy by inhibition of
negative immune regulation as a milestone in the therapeutic approach to cancer treatment.
The EMA approved the first PD-1/PD-L1 inhibitors (Nivolumab, Opdivo and
Pembrolizumab, Keytruda) in 2015 for the treatment of advanced melanoma. Multiple type-II
variations for other indications have followed, and to date the European Commission has
already approved six different PD-1 or PD-L1 inhibitors (Nivolumab, Pembrolizumab ,
Atezolizumab, Durvalumab, Avelumab, Cemiplimab). The pioneering research on PD-1 and
PD-L1, which marks the beginning of the new era of cancer immunotherapy, was awarded
with the Nobel Prize in Physiology or Medicine in 2018 to James P. Allison and Tasuku

Honjo.

Based on the mechanism described above, PD-1/PD-L1 inhibitors block the negative
immune-regulatory signal pathways (Figure 4). PD-1/PD-L1 inhibitors have been tested in a
variety of tumor indications and demonstrate potent and exceptionally durable anti-tumor
effects in refractory tumors (SmPC Imfinzi; SmPC Keytruda; SmPC Tecentriq; SmPC
Opdivo; SmPC Bavencio)

Biomarkers

Despite exceptionally durable responses observed in patients treated with PD-1/PD-L1
inhibitors, the primary problem for the clinical practice with PD-1/PD-1 inhibitors are the low
response rates in unselected (overall) populations. To achieve higher overall response and
overall survival (OS) rates, PD-L1 expression on tumor cells and/or immune cells in the
tumor microenvironment is commonly used as biomarker. But the results in different
indications with different antibodies do not show a homogeneous picture (SmPC Imfinzi;
SmPC Bavencio; SmPC Tecentriq; SmPC Keytruda; SmPC Opdivo). In some indications,
PD-L1, as a predictive biomarker, has not been established at all (MCC, Bavencio; SCLC
Tecentriq). In some indications, survival benefit was observed regardless of whether patients
had tumors that were tested PD-L.1 negative or PD-L1 positive (Melanoma, Opdivo: NSCLC
(second-line), Keytruda). In some indications (NSCLC (first line), for example), the efficacy
of anti PD-1/PD-L1 inhibitors in patients with PD-L1 negative tumors has not been
established and, as a consequence, the antibodies were approved for the treatment of tumors

with moderate or high PD-L1 expression. In general, PD-L1 as biomarker helps to maximize
-10 -



the treatment effect of PD-1/PD-L1 inhibitors, but effects do not seem very consistent across
indications, therefore PD-L1 cannot be used as biomarker to be providing a basis for

histology independent indications (Camarero 2017).

Tumor mutational burden (TMB) was another promising biomarker for a histology
independent approach. TMB leads to a high amount of mutations with increased potentiality
of neo-antigen expression. This neo-antigen expression could lead to elevated
immunogenicity with activated immune cells in the tumor microenvironment (Figure 4) (Y1 et
al. 2018). In the context of anti-PD-1/PD-L1 treatment , an activated microenvironment was
shown to be a favorable prognostic factor (Jiang et al. 2019). Using Next-Generation
Sequencing (NGS), it is possible to profile nonsynonymous somatic mutations of tumor cells
(Goodman et al. 2017; Yi et al. 2018). The level of (TMB is expressed as mutations per
megabase. A meta-analysis with 27 tumor types demonstrated a significant correlation
between TMB and objective response rate (ORR; correlation coefficient: 0.74) in patients
treated with PD-1/PD-L1 inhibitors (Yarchoan et al. 2017; Yi et al. 2018). However, the
adequacy of TMB as biomarker is not confirmed by prospective data from clinical trials so
far. TMB failed to be effective as a predictive biomarker to chemotherapy plus checkpoint
inhibitor (Keytruda) or chemotherapy alone as first-line treatment for nonsquamous non—
small cell lung cancer (NSCLC) in two different exploratory analyses of KEYNOTE trials,
KEYNOTE 21 and 189 (Garassino 2019; Langer 2019). In addition, Bristol-Myers Squibb
recently withdrew their supplemental biologics license application to the FDA for the
combination of nivolumab and ipilimumab for the treatment of patients with advanced

NSCLC with high TMB (BMS 2018, 2019).
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MSI-H cancer and Immunotherapy

One mechanism leading to high TMB is the microsatellite instability (MSI-H) phenotype. As
consequence, MSI-H correlates strongly with high TMB (Figure 4).

Tumors with the MSI-high phenotype normally have a deficient mismatch repair system
(dMMR). The mismatch repair system is involved in fixing base-base mismatch, insertion,
and deletion defects during DNA replication. Members belonging to the MMR system,
including MutL homolog 1 (MLH1), MutS protein homolog 2 (MSH2), MutS homolog 6
(MSH6), and PMS1 homolog 2 (PMS2), contribute to maintaining genomic stability (Yi et al.
2018). AMMR refers to deficiency in proteins MSH2, MSH6, MLH1, PMS2, whose depletion
leads to oncogenesis, especially in gastrointestinal cancers (Yuza et al. 2017). dIMMR

promotes the accumulation of mutations, which promotes the production of potential neo-
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antigens. A high concordance between dAMMR and the MSI-H phenotype could be
demonstrated (Yamashita et al. 2018). In fact, the primary reason of MSI-H in colorectal
cancer is the epigenetic or genetic variation of the MMR system (Puccini et al. 2017). The
MSI-H/dMMR tumors genome comprises thousands of mutations (i.e., high TMB;
hypermutated phenotype).

MMR Microsa_te.:llite
deficiency Instability

. | DNA mutations lead to
______ y PP— S J— T protein neo-antigens

detectedas ‘foreign“and

Wild type Heteroduplex Full mutant recognized by T-cells

Figure 5 Schematic figure of the mismatch repair pathway. A base mismatch is recognized by
mismatch repair proteins (MSH2/MSH6 and PMS2/MLH1). The mismatch on the newly
synthesized strand is excised and the correct nucleotides are synthesized. Finally, the DNA
strands are ligated.

The underlying hypothesis for the studies in MSI-H/dMMR cancer was that anti PD-1/PD-L1
antibodies are effective in the treatment of MSI-H cancers, regardless of tumor histology,
because MSI-H/dMMR cancer is associated with a high TMB (hypermutated phenotype)
leading to high neo-antigen expression (Figure 6). Subsequently, the high neo-antigen
expression leads to autologous immune recognition of the cancer cells. As described in
Chapter 2, this autologous immune recognition is inhibited by PD-1. Therefore, blockingthe
PD-1 signal pathway on tumor neo-antigen-specific T cells with anti PD-1/PD-L1 antibodies

can reactivate immune responses of these T-cells.
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A Absence of B Presence of
immunotherapy anti-PD-1
Mismatch Mismatch
repair repair
deficiency Frameshift deficiency Frameshift
5 R A
mutations mutations
Protein with Protein with
mutation-associated mutation-associated
neoantigen (MANA) neoantigen (MANA)
Tumor cell Tumor cell

MANA/ JL gPD L1, Anti-PD-1
MANA/ JL PD-L1 M Tof LY

MHC ( antibody
TCR TCR }2:
T-cell T-ceII '
PD-L1/PD-1 interaction PD-L1/PD-1 interaction
blocks T-cell activation blocked by antibody, freeing

T cell to kill tumor cell

Figure 6 Activation of immune response depending on elevated levels of mutation-associated
neo-antigens (from (Dudley et al. 2016)

Clinical detection of MSI-H

MSI-H identifies a common genetic abnormality across different tumor types, nevertheless
cancers that are more likely to be MSI-H (i.e., prevalence ~5% or higher) include those of the

gastrointestinal and gynecological organ systems (Figure 7).

A deficient mismatch repair system is associated with a favorable prognosis in early stage
colorectal cancer (CRC); however, patients with advanced or metastatic MSI-H/dMMR
disease tend to have a poor prognosis, but data are still limited (Venderbosch et al. 2014).
These observations have led to the recommendation for a universal screening of all newly
diagnosed colorectal cancers for AIMMR and MSI status, and increasing evidence supports the
evaluation of MSI in all human tumors regardless of the cancer tissue of origin (Eriksson et

al. 2019).
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Multiple laboratory tests are available to evaluate the status of the mismatch repair pathway.
These tests include immunohistochemistry (IHC) staining for 4 mismatch repair proteins
(MLHI1, PMS2, MSH2 and MSH6), PCR-based microsatellite instability analysis, MLH1
promoter methylation analysis, and BRAF sequencing. In addition, several reliable NGS
methods are published (Nowak et al. 2017). These tests are performed directly on tumor
samples and have prognostic and therapeutic implications for nearly all patients with

colorectal carcinoma (Setaffy und Langner 2015).

Patients with advanced MSI-H/dMMR cancers were usually treated with general standard-of-
care therapies. Poor clinical outcomes include low overall response rates (ORRs) and brief
duration of responses (DORs), and significant toxicity in the second-line and later settings

(high unmet medical need).

35 A

Percentage of MSI-H Cases

Tumor Type

Figure 7 Prevalence of MSI-H in different cancer types (from (Bonneville et al. 2017) ACC,
adrenocortical carcinoma; AML, pediatric acute myeloid leukemia (TARGET), BLCA, bladder carcinoma;
BRCA, breast carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL,
cholangiocarcinoma; COAD, colon adenocarcinoma; CTCL, cutaneous T-cell lymphoma,; DLBC, diffuse large
B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck
squamous cell carcinoma, KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney
renal papillary cell carcinoma; LAML, acute myeloid leukemia (TCGA); LGG, lower-grade glioma,; LIHC, liver
hepatocellular carcinoma,; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO,
mesothelioma; NBL, pediatric neuroblastoma; NPC, nasopharyngeal carcinoma,; OV, ovarian serous
cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma;
PRAD, prostate adenocarcinoma, READ, rectal adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous
melanoma,; STAD, stomach adenocarcinoma; TCGT, testicular germ cell tumor, THCA, thyroid carcinoma;
THYM, thymoma,; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma,; UVM, uveal
melanoma; WT, Wilms tumor
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Data supporting pembrolizumab approval

The first approval of a histology independent indication was based on data from 149 patients
with MSI-H/dMMR solid tumor generated in altogether five multicenter, single-group clinical
trials. The majority of patients (84% for colorectal cancer and 53% for other tumors) had
received two or more therapies for advanced/metastatic disease. Table 1 lists the different

trials.

One has to consider that also data from retrospectively identified patients from KEYNOTE-12
and KEYNOTE-28, two exploratory basket trials, were included.

KEYNOTE-016 - prospective, investigator- 28 CRC * CRC: 2 2 prior
initiated 30 non- regimens
* patients with CRC and other CRC * Non-CRC: 21 prior
tumors (basket) regimen
KEYNOTE-164 -« prospective, international 61 Pliorfluoropyrimiding;
oxaliplatin, and irinotecan +/-
*CRC anti-VEGF/EGFR
KEYNOTE-012  retrospectively identified patients 6 21 prior regimen
with PD-L1-positive gastric, bladder, or triple-
negative breast cancer
KEYNOTE-028 retrospectively identified patients 5 =1 prior regimen
with PD-L1-positive esophageal, biliary,
breast, endometrial, or CRC
KEYNOTE-158 - prospective international multi- 19 1 prior regimen

center enrollment of patients with
MSI-H/dMMR non-CRC
« retrospectively identified

patients who were enrolled in specific rare
tumor non-CRC cohorts

Table 1 Data supporting pembrolizumab approval in MSI-H

The pivotal study for this histology independent indication was Keynote-16: a Phase II basket
study in patients with MSI-H/dMMR solid tumors. Keynote-16 was a three-basket study with
two cohorts of colorectal cancer: Cohort A MSI-H/dMMR n=40 and Cohort B MSS/pMMR
n= 25. Cohort C consists of MSI-H/dMMR non-colorectal cancers (n=40). The analysis
approach was to pool across the trials and across histologies(indications) to examine
consistency of effect. The primary efficacy endpoint across all trials was ORR and the key

secondary efficacy endpoint DOR. The efficacy results are summarized in Table 2. :

-16 -



ORR (95% CI) 39.6% (31.7,47.9)
Complete responserate  7.4%

CR

Partial response rate PR 32,2%

DOR NR (1.6+, 22.7+)
Median in months (range)

% with duration 26 78%

months

. NR=not reached

Table 2 Efficacy results for patients with MSI-H/dMMR cancer (Keytruda prescribing
information USFDA)

Figure 8§ Kaplan-Meier estimates of response duration in subjects with confirmed response
based on IRC assessment per RECIST 1.1 / (MK3475 200mg Q3W) (ASaT population)

Looking at the responses by tumor type in 15 different (Table 3), one could conclude that the
responses are generally consistent across the different indications, however, nine of these
tumor types are only represented by 1 or 2 patients. ORR was similar regardless of the origin
(36% 1in colorectal cancer vs. 46% in 14 other cancer types). Almost 40% responders had a

durable response (Figure 8).
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Objective response rate
n (%) 95% CI

CRC 90 32(36%) (26%, 46%)
Non-CRC 59 27 (46%) (33%, 59%)
Endometrial cancer 14 5 (36%) (13%, 65%)
Biliary cancer 1" 3 (27%) (6%, 61%)
Gastric or Gejunction cancer 9 5 (56%) (21%, 86%)
Pancreatic cancer 6 5 (83%) (36%, 100%)
Small intestinal cancer 8 3 (38%) (9%, 76%)
Breast cancer 2 PR,PR

Prostate cancer 2 PR,SD

Bladder cancer 1 NE

Esophageal cancer 1 PR

Sarcoma 1 PD

Thyrioid cancer 1 NE

Retroperitoneal adenocarcinoma 1 PR

Small cell lung cancer 1 CR

Renal cell cancer 1 PD

Table 3 Pembrolizumab in MSI-H/dMMR solid tumors: response by tumor type; PR=partial
response; SD=stable disease; CR=complete response; NE=not evaluable

Finally, the FDA considered the data sufficient for an approval. In May 2017, the FDA
granted accelerated approval of pembrolizumab for MSI-H or dAMMR Patients Whose Disease
Has Progressed Following Prior Treatment and Who Have No Satisfactory Alternative
Treatment Options, Which Includes Patients with Colorectal Cancer That Has Progressed

Following Treatment with Fluoropyrimidine, Oxaliplatin, and Irinotecan.

This paradigm change was justified by the following arguments. First, the FDA considered
the scientific and biological rationale as strong. Second, the clinical data were classified as
compelling. Third, it was approved for patients without available therapies, therefore a high
unmet medical need existed. In addition, there is an extensive history of clinical use for

pembrolizumab and the safety profile is well established and manageable.

So far, this histology independent indication was not submitted as a type II variation to the

EMA. The potential reasons for this will be listed and discussed in Chapter 4.
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Post-approval challenges

To put it bluntly, the histology independent development strategy pembrolizumab was settled
by chance. The indication pembrolizumab for MSI-H or dIMMR patients has two major
advantages. As already mentioned, the first advantage is that pembrolizumab was already
approved for different indications and the safety profile could be regarded as established and
manageable compared to 2" or 3™ line chemotherapy regimens (Boutros et al. 2016). The
second advantage is the biomarker. Multiple validated laboratory tests are available and are
being routinely used in clinical practice. In addition, already pediatric formulations were

developed.

Nevertheless, there remain some challenges. The biological rationale was built on the theory
that MSI-H cancer is associated with a high TMB (hypermutated phenotype) that leads to
high neo-antigen expression. Thus, TMB was for a time the biomarker of choice in several
pivotal trials ( (Roche 2018)B-F1RST (NCT02848651, Keynote-021). Nevertheless, as
described above, to date the utility of TMB as biomarker could not be verified by prospective

data from clinical trials.

The indication was approved via accelerated approval; therefore, continued approval of
pembrolizumab for this indication will rely on the final results of clinical benefit in the
ongoing confirmatory trials. Updated phase II data from Keynote 164 (CRC, Table 1) showed
that the ORR was 33% (95% Confidence Interval [CI], 21%—46%) in cohort A, whose
patients had received two or more previous lines of therapy (3™ line +). The ORR in cohort B
(2" line + patients)was 33% (95% CI, 22%46%). The median DOR was not reached in both
cohorts (Le et al. 2020) . A phase III study (KEYNOTE-177; ClinicalTrials.gov identifier:
NCT02563002), which is evaluating the antitumor activity of first-line pembrolizumab
compared with standard chemotherapy for patients with MSI-H/dMMR metastatic CRC, is
ongoing. In addition, some promising data from Nivolumab/Opdivo advanced CRC/MSI-
H/dMMR were recently published (Overman et al. 2017). In short, for metastatic CRC there
are good prospects that final results will support an indication. However, updated data from
the tumor-agnostic phase Il basket trials (KEYNOTE-158) could be discussed controversially.
In KEYNOTE-158, a total of 233 patients with one of 27 different advanced-stage MSI-
H/dMMR nonCRC solid tumor types were included. At a median follow-up duration of 13.4
months, 33.4% of patients had an objective response; however, ORRs varied substantially
when stratified by primary tumor histology. Among tumor types for which >10 patients were

included, those with endometrial cancer had an ORR of 57.1%, compared with 18.2% for
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pancreatic cancer and 0% for CNS cancers. These lower ORRs were reflected in median
overall survival (OS) durations of 4.0 months and 5.6 months among patients with pancreatic
cancer or glioblastoma, respectively. By contrast, median OS was not reached in the
endometrial, gastric, ovarian, or small intestine cancer subgroups and was 24.3 months among
patients with cholangiocarcinoma (Marabelle et al. 2020; Sidaway 2019). These data indeed
challenge the idea that MSI-H dMMR can be applied to all solid tumor types regardless of
primary histology.

3.2. The first histology independent indication approved by the EMA - Vitrakvi in NTRK
fusion solid tumors

NTRK gene fusion and cancer development

Chromosomal translocations (e.g. gene fusions) are familiar oncogenic drivers. Therefore,
targeting gene fusions has become an extensively studies treatment strategy in the last years
(Takeuchi et al. 2012; Dupain et al. 2017; Paratala et al. 2018; Stransky et al. 2014). In
general, the neurotrophic receptor kinase (NTRK) family act in the nervous system where
NTRK regulate pain, proprioception, appetite, and memory (Kaplan et al. 1991). The NTRK
genes NTRK 1, NTRK2, and NTRK3 encode for the tropomyosin receptor kinase (TRK)
proteins TRKA, TRKB, and TRKC, respectively. These kinases are single-pass
transmembrane proteins binding with high affinity to the neurotrophins NGF, BDNF, and
NT3 (Ricciuti et al. 2019). In normal signaling processes, neurotrophin ligand binding to the
extracellular TRK domain leads to receptor dimerization and subsequent activation of various
downstream pathways, including Ras—Raf-MAPK, PI3K—-Akt-mTOR and PLCc—PKC
(Ricciuti et al. 2019). TRK activation therefore strongly depends on ligand-binding.

The first report of an NTRK gene fusion was described in colorectal cancer in 1986 (Martin-
Zanca et al. 1986; Martin-Zanca et al. 1989). Subsequently, somatic fusion events involving
the NTRK1, NTRK2 or NTRK3 genes (NTRK gene fusions) could be identified across
multiple cancers in children and adults (Vaishnavi et al. 2015). Typically, the 5' region of a
gene that is expressed by the tumor cell progenitor is joined with the 3’ region of one of the
NTRK genes. The majority of characterized NTRK fusions contain the 5’ partner gene
sequence encoding for one or more dimerization domains, which is predicted to result in

constitutively active, ligand independent downstream signaling (Vaishnavi et al. 2015). In
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addition to gene fusion events, somatic point mutations of NTRK genes have also been

identified in human tumors (Ding et al. 2008; Kummar and Lassen 2018).

A Wild-type
. Kinase protein
Signal peptide ™ Kinase
extracellular domain domain
. Fusion
protein
Fusion partner ™ Kinase
domain
B Ligand-dependent signaling C Ligand-independent signaling
1} 1
1 i 1
1 H 1
v v \
MAPK, PI3K MAPK, PI3K MAPK, PI3K

Figure 9 Mechanism of NTRK fusion (from (Farago 2017)

Clinical detection of NTRK gene fusion

No clinical (prognostic) characteristics have been associated with NTRK alterations so far. As
a result, there is no routine laboratory test available and the FDA has granted approval
without companion diagnostic test. A wide array of different techniques can be employed in
the detection of NTRK1/2/3 fusions (Marchio et al. 2019). Gene fusions have been assayed
historically by fluorescence in situ hybridization (FISH). Reverse transcriptase (RT)-PCR,
and FISH assays for the detection of the ETV6-NTRK3 fusion gene are commercially
available. In the study protocols involving larotrectinib and other TRK inhibitors the use of
either NGS or FISH was allowed and generally, NGS-based RNA and DNA approaches have
used (CHMP 2019; Drilon et al. 2018). Using NGS has advantage that multiple genes can be
tested simultaneously with a limited amount of tissue, which is extremely valuable in tumors
where NTRK alterations are very rare and other molecular therapeutic targets might be
present (eg .NSCLC) (Ricciuti et al. 2019). However, one should consider that often NGS
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platforms are not designed to detect NTRK fusions, and it has been observed that, due to large
intronic regions in the NTRK2 and NTRK3 genes, DNA-based NGS assays might be unable

to detect some fusions (Ricciuti et al. 2019).

FISH and RT PCR are faster and are less expensive, compared to NGS. In addition, IHC is
potentially able to detect TRK protein overexpression, an indirect proof of NTRK fusions.
Two different case series employing IHC with a pan-TRK antibody in different solid tumors
showed excellent concordance with NTRK fusions, with high sensitivity (95%-97%) and
specificity (97%—-100%) (Hechtman et al. 2017).

Prevalence of NTRK gene fusion

NTRK fusions promoting oncogene addiction and occur in estimated 1% of all solid tumors
(Ricciuti et al. 2019; Vaishnavi et al. 2015). The concept of oncogene addiction postulates
that some tumors rely on one single dominant oncogene for growth and survival, so that
inhibition of this specific oncogene is sufficient to stop cancer growth (Torti and Trusolino
2011). NTRK gene fusions have been detected in many prevalent tumors, e.g., lung cancer,
breast cancer, colorectal cancer, thyroid cancer, sarcoma. Nevertheless, they occur in these
indications at very low frequencies. In very rare tumors, like infantile fibrosarcoma (IFS),
secretory/juvenile breast cancer, and mammary analogue secretory cancer of the salivary
glands, NTRK gene fusions are the defining genetic feature of these tumor types, occurring in

93% to 100% of tumors ( (Kummar and Lassen 2018; Vaishnavi et al. 2015) (Figure 10).

Adult cancers

Figure 10: TRK fusions in different cancer types from (Cocco et al. 2018)
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Data supporting larotrectinib approval in the US and in the EU

The first approval of larotrectinib was based on pooled interim data from three currently
ongoing trials: one dose-finding phase I/II study in adults with or without NTRK gene fusions
(LOXO-TRK-14001), a phase II basket trial in adolescent and adult patients with NTRK
fusions (LOXO-TRK-15002), and a dose-finding phase I/II study in paediatric patients with
NTRK fusions (LOXO-TRK-15003) were included in the pooled dataset. All studies are

open-label without parallel comparator (Table 4).

Study ___|Design ___________|Number __|Endpoints |

LOXO-TRK- Phase 1, open-label, 3 + 3dose 8 ggr;[e;ry: Safety, MTD,
14901 escalat_ion st.udy wit.h expansion e
8 sites US phase in patients with NTRK ORR (CR +PR)
gene fusions 0n|y Duration of response
LOXO-TRK- Phase 2, open-label “basket” 63 Primary :ORR (CR +
15002 study Non-small cell lung PR)
cancer 6
Thyroid 9 Secondary:
21 sites Sarcoma 12 BOR,DOR,
US. EU Colorectal6 F?FS, OS, Quality of
A N ’ Salivary gland14 life
sSia Biliary 2 Safety
Primary CNS 3
Others 11
LOXO-TRK- Phase 1, open-label, dose 43 Ehasm Sufety. DLT
. rimary: sarety,
15003 escalation study Secondary. BOR.
Phase 2, single arm open-label DOR Quality of life
17 sites study in IFS, other extracranial g:fefyz
. . ase
us, EU, solid tumours, and primary CNS Primary: ORR
Australia tumours Secondary: DOR,
Safety

Table 4 List of studies supporting larotrectinib approval in patients with NTRK fusion tumors

The FDA approval (November 2018) was based on the first 55 patients enrolled across the
three trials (PAS). The European approval (September 2019) was based on an extended
efficacy primary analysis set (€PAS2), which consists of 93 patients from the studies 14001,
15002 and 15003.

The ORR by IRC was 72% (n=67/93, 95% CI: 62, 81%), and ORR by investigator assessment
(INV) was 80%. The single-arm, open-label setting allowing for potential investigator bias is

noted. The agreement rate between IRC and INV assessments was 90% (Table 5).
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| | N=55(PAS) N=93 (ePAS2)

ORR (95% Cl)  75% (61, 85) 72% (62, 81)

Complete 22% 16%
response rate
CR

Partial 53% 55%
response rate
PR

DOR NR (1.6+,33,2+)  NR (0.9+,33,2+)
Median in
months (range)

% with duration 73% 88%
26 months

Table 5 Efficacy results for patients with NTRK fusion genes (CHMP 2019)

The ORRs per NTRK fusion type were 63% (95% CI: 47, 78%) for NTRK1 (n=41), 33%
(95% CI: 1, 91%) for NTRK2 (n=3), and 82% (95% CI: 68, 91%) for NTRK3 (n=49).

Figure 11 provides an overview of the ORRSacross the different tumor types studied. The
ORR was highly variable across the studied tumor types, from 0% in single patients with
breast cancer, cholangiocarcinoma and pancreatic cancer to 100% in the 4 patients with GIST.
Tumor types where NTRK gene fusions are characteristic (or even considered
pathognomonic) of the disease, such as IFS 9n=13), Salivary gland/MASC (n=10), and
congenital mesoblastic nephroma (n=1), tended to have higher ORR (92%, 80%, and 100%,

respectively).
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Objective response rate
(%) 95% CI

Soft tissue sarcoma 21 81 (58, 95)
Salivary gland 17 88 (64, 99)
Infantile fibrosarcoma 13 92 (64, 100)
Thyroid 10 70 (35, 93)
Lung cancer 7 71 (29, 96)
Melanoma 7 43 (10, 82)
Colon cancer 6 33 (4,78)
GIST 4 100 (40, 100)
Bone sarcoma 2 50 (1, 99)
Cholangiocarcinoma 2 NE,SD
Congenital mesoblastic nephroma 1 100
Appendix 1 SD
Breast cancer 1 PD
Pancreas 1 SD
Figure 11 ORR rates by tumor type
A Maximum Change in Tumor Size, According to Tumor Type
Thyroid tumor Soft-tissue sarcoma Appendix tumor Salivary-gland tumor
Colon tumor M Lung tumor IFS M Cholangiocarcinoma
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Figure 12 Maximum change in tumor size, according to tumor type from (Drilon et al. 2018)

o

Maximum Change in Tumor Size (%)

In Study 14001; 62 patients without any NTRK fusion were included, only 1 (2%) PR (seen
in a patient with a total tumor burden of 11 mm); and no CR were observed in patients with
TRK fusion-negative tumors (n=62). No responses in NTRK fusion-negative patients provide
clinical support of the proposed mechanism of action and the selectivity of the effect to

patients harboring the drug target.
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In comparison with conventional chemotherapies, and considering that larotrectinib is given
in a later line where lower efficacy is generally expected, the larotrectinib ORR and PFS
range seem overall favorable or at least comparable, although the data are far from

comprehensive.

Regarding the overall safety perspective (adult patients and pediatric patients), larotrectinib
appears reasonably tolerable and the toxicity is considered to be manageable with appropriate

risk minimization measures, as evidenced by the low treatment discontinuation rate.
The FDA approved VITRAKVI with the following indication statement:

“VITRAKVI is a kinase inhibitor indicated for the treatment of adult and pediatric patients

with solid tumors that:

¢ have a neurotrophic receptor tyrosine kinase (NTRK) gene fusion

without a known acquired resistance mutation,

e are metastatic or where surgical resection is likely to result in severe

morbidity, and

¢ have no satisfactory alternative treatments or that have progressed

following treatment”.
The indication statement in the European SmPC differs only slightly:

“VITRAKVI as monotherapy is indicated for the treatment of adult and paediatric patients
with solid tumours that display a Neurotrophic Tyrosine Receptor Kinase (NTRK) gene

fusion,

e who have a disease that is locally advanced, metastatic or where surgical

resection is likely to result in severe morbidity, and
e who have no satisfactory treatment options (see sections 4.4 and 5.1)”.

The Summary of product characteristics (SmPC) does not mention the necessity of the
absence of a known acquired resistance mutation, because secondary NTRK mutations
altering the kinase domain of TRK thus appear to be the major acquired resistance mechanism
to larotrectinib (CHMP 2019). Information has been included in the SmPC. Primary and

secondary resistance mechanism have to be investigated post-approval.

Larotrectinib is the second new cancer therapy that can be used for treatment of any kind of

tumor that has a specific characteristic, as opposed to where in the body the tumor originated.
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The Committee for Medicinal Products for Human Use (CHMP) justified this paradigm
change with the following conclusion: “Overall, the efficacy estimates available today may be
considered outstanding in this generally late stage disease setting. The main issue regarding
the efficacy is the robustness and generalizability of these estimates. While it is likely that the
estimates may change, possibly in a negative direction, the present outstanding estimates
provide some reassurance as to the presence of a large treatment benefit. Important

quantitative interactions between treatment and tumor type will be further explored” (CHMP

2019).

Nonetheless, available data were considered as non-comprehensive and a conditional approval

was recommended.

Post-approval challenges

The approval of larotrectinib was a conditional marketing authorization and pursuant to
Article 14-a of Regulation (EC) No 726/2004, the Marketing Authorization Holder (MAH)
should submit, in order to fulfil a comprehensive data package, a pooled analysis for the
increased sample size (additional 200 patients) including the final report of study LOXO-
TRK-15002 (NAVIGATE) and LOXO-TRK-15003 (SCOUT) with 5 year follow-up data.
The CHMP claimed the need to provide a more precise estimate of efficacy in the common
cancers where NTRK fusions are rare (lung cancer, colorectal cancer, melanoma and non-
secretory breast cancer), based on lower available efficacy estimates in such patients

compared to those seen in rare cancers where NTRK-fusions are common or pathognomonic.

The CHMP also expressed his concerns regarding that the relationship between biomarker
and response may be abolished by tissue-specific bypass mechanisms and, as a consequence,
the presence of NTRK fusions in a given histology is not necessarily a predictor for

larotrectinib activity. Resistance mechanisms should be further investigated.

In order to further confirm the appropriate dose recommended in pediatric patients, the MAH
should submit an updated pop PK model based on additional PK sampling in patients aged 1
month to 6 years from study LOXO-TRK-15003 (SCOUT).

The landmark approval of larotrectinib has prompted an urgent need to define the routine

diagnostic testing to identify gene fusions as a companion diagnostic method to support
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clinical decision in this context. The different techniques were described above. In a few
specific histologies, namely secretory carcinoma of the breast and of the salivary glands,
congenital fibrosarcoma and cellular mesoblastic nephroma, NTRK fusions can be detected at
a very high frequency, and for those patients it should be recommended that NTRK1/2/3
fusion genes should be routinely tested with optimal approaches for the identification (FISH,

RT-PCR and RNA- and DNA-based NGS assays).

Nevertheless, for the other indications where NTRK fusions are extremely rare there remain
many pitfalls to discuss. Efficiency and cost challenges should be considered with regards to
the definition of the population that should be tested and with regards to the method which
should be applied (please refer to Chapter 4.4)

4. Regulatory considerations

4.1. Basic requirements for a histology independent approval

Taken the scientific rationale and all relevant clinical data for both histology independent
indications into consideration, one can extract the following main criteria, which could be

considered as basis for the decision-making of the regulatory authority (Figure 13):
e An unmet medical need is indispensable.

The biomarker of interest must be validated.

e The Mode of Action (MoA) must be established (preclinical data, proof of principle),

and this MoA must be tumor tissue independent.
e There must be a clinical proof of principle (is a pivotal randomized study feasible?).
e The activity across different tumor types must be demonstrated.

e The clinical safety profile must be established and manageable.

The most important precondition for a histology independent indication is a real unmet
medical need. In situations where the benefit/risk of a MP can be evaluated in large (or large
enough) populations with standard (curative) treatment options, MPs have to be tested in

RCTs. In the case of histology independent indications, clinical data are generated in basket
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trials (Chapter 2). In general, basket trials are “baskets* of multiple single arm trials (SAT).
Thus, the crucial limitation of such studies is that clinical benefit is inferred from anti-tumoral
activity in combination with a non-comparative assessment of safety and limited information
on long-term efficacy. Consequently, in the general case, approvals based on SATs may be
appropriate in settings where available treatment options provide limited documented clinical
benefit in the target population; e.g., in late lines of treatment. Conversely, if there are
established treatment options providing clinical benefit in the target population, a
demonstration of relative efficacy and safety is anticipated in order to determine the impact of
the test agent on PFS and OS and, at least, exclude a detrimental effect on the latter. Shortly,
in contexts where available therapies have demonstrated a clinically meaningful OS gain,

approvals based on SATs would generally not be appropriate.

The biomarker (target) detection must be established. For these biomarker assays, analytical,
clinical and statistical validity must be sufficiently assured. The validation has to be in
compliance with legal requirements for biomarkers and assays and the validation process
should be finished before the initiation of the trial. (EMA/CHMP/641298/2008;
EMA/CHMP/SAWP/72894/2008rev.3; EMA/CHMP/718998/2016;
EMA/CHMP/800914/2016 2016).

In addition, the established MoA 1is extremely important. The targeted pathways must be
oncogenic “drivers”, and its biological significance must be well described in the literature
and by preclinical models. The MoA must be independent of tumor type/histology and other
disease characteristics. As highlighted in Chapter 2, the histological context is presumably of
importance, and intratumoral heterogeneity (Ciriello et al. 2013) adds to the complexity in

evaluating the value of novel targeted treatments.

Regarding the proof of principle, the efficacy is generally evaluated through ORR and DoR,
whereas the impact of treatment on PFS, OS and quality of life (HRQoL) cannot be isolated
because of the lack of comparator arms. The lack of a randomized comparator arm also
hampers the assessment of safety. In conclusion, the activity must be “outstanding” compared
to available treatment options in order to demonstrate clinical benefit. The treatment benefit

should be consistent across the different indications.
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Figure 13 Considerations for histology independent development of new drugs in oncology.
The basis for a histology independent indication must be the unmed medical need and the
availability of a validated biomarker.

4.2. Pembrolizumab/MSI-H from a regulatory (EU) perspective

The FDA accelerated approvals of pembrolizumab for patients with microsatellite instability-
high (MSI-H)/ deficient DNA mismatch repair (IMMR) metastatic or unresectable solid
tumors and of nivolumab provide potentially curative options for such patients. Remarkably,
this histology independent indication was not submitted as a type II variation to the EMA.
The reasons could be anticipated by reviewing the available data (please refer to 3.1. and
considering the discussion of the CHMP and the SAG Oncology position regarding the
larotrectinib approval (CHMP 2019). It should be recognized that two of the “must” criteria
for a histology independent indication are surely fulfilled, namely the unmet medical need and
the validated biomarker. However, the biological rationale and the clinical data available to

date should be further discussed.

It was assumed that MSI-H/dMMR is a predictive histology independent biomarker. The
biological rationale was built on the theory that MSI-H/dMMR cancer is associated with a
high mutational burden (hypermutated phenotype). The rationale is predicated on an indirect
mechanism. Tumor mutational burden (TMB) leads to neo-antigen expression, leading to
higher cancer-directed immune response, which is consequently down-regulated via PD-

1/PD-L1 interaction. There are several publications either describing the role of neo-antigens
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in cancer immunity (Giannakis et al. 2016) or the role of MSI-H/dMMR as a surrogate for
TMB (Goodman et al. 2017). Nevertheless, the rationale for the anti-PD-1-treatment in
patients with MSI-H/dMMR solid tumors was developed after findings of previous studies
with PD-1 inhibitors in metastatic CRC were disappointing. Responses in the all-comer
population were only rarely seen (Brahmer et al. 2012), and further interpretation of these
studies revealed a high TMB as a predictive marker for response. This was the starting point
for the clinical development of anti-PD-1 treatment in MSI-H/dMMR solid tumors.
Unfortunately, TMB failed to prove effective as a biomarker for response to two different
exploratory analyses of KEYNOTE trials (KEYNOTE 21 and 189) (Garassino 2019; Langer
2019). In addition, Bristol-Myers Squibb recently withdrew their supplemental biologics
license application to the FDA for the combination of nivolumab and ipilimumab for the
treatment of patients with advanced NSCLC with high TMB (BMS 2018, 2019). For NSCLC,
TMB is not a predictive marker, and this is a major drawback for the theory of MSI-H/dMMR

as a surrogate for TMB and as a predictive histology independent marker.

Clinical data as presented in Chapter 3.1 should be regarded as borderline for a histology
independent indication. On the one hand, the safety profile is well established, and missing
data from rare indications could be generated in a post-marketing setting,. On the other hand,
EU regulators could indeed consider that the current dataset is too limited to support a
histology independent indication. Most of the data were generated in metastatic CRC, and the
relatively high amount of CRC patients included in this trial (N=90) suggests that a
randomized trial is feasible in this indication. Indeed, a randomized Phase III trial (Keynote-
177) on first-line pembrolizumab (Pembro) versus investigator-choice chemotherapy for MSI-

H/ dMMR mCRC is currently ongoing (Diaz et al. 2018).

One additional problem is the prognostic value of MSI-H/dMMR in patients with advanced or
metastatic disease. A deficient mismatch repair system is associated with a favorable
prognosis in early stage CRC disease (Sinicrope and Yang 2011); however, data on patients
with advanced or metastatic MSI-H/dMMR disease are still limited. Reviewing the literature,
available data could not be considered sufficient to inform on the prognosis of patients with
MSI-H/dMMR mCRC or define MSI-H/dMMR status as an independent prognostic factor
(Venderbosch et al. 2014; Aasebo et al. 2019; Innocenti et al. 2019). For other tumor
indications with MSI-H/dMMR, the prognostic relevance of MSI-H differs widely between
the indications (Li et al. 2020). Therefore, ORRs generated from SAT should be regarded

with caution.
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Data supporting the histology

independent indication

Data arguing against the
histology independent

indication

Biological rationale

MSI-H/dMMR identifies a common

abnormality across different tumor

types

Hypothetical rationale: MSI-H cancer
is associated with TMB and
subsequently leads to high neo-antigen
expression and, as a consequence, the
tumor is more accessible for the
immune system (Jiang et al. 2019;

Dudley et al. 2016).

Indirect treatment mechanism

No prospective data could be
generated with TMB as
biomarker so far (BMS 2018,
2019; Garassino 2019;
Langer 2019).

MSI-H is a negative prognostic marker

Data on prognostic relevance
are still limited (Aasebg et al.
2019; Innocenti et al. 2019;
Venderbosch et al. 2014).

Clinical data

The approval was based on 149
patients with MSI-H/dAMMR tumors
across the five uncontrolled, single-arm
trials. ORR was similar irrespective of
the origin (36% in colorectal cancer vs.
46% in 14 other cancer types). The

responses were durable.

Well established safety profile

RCT feasible in mCRC

Data from other indications

are limited (n=59)

Updated data from the
KEYNOTE-158 Pooled
across indications ORR was
33.4%; however, ORRs
varied substantially by
primary tumor histology
(ORR=57.1% in EC, 18.2%
in PAC and 0% in CNS-
tumors ) (Marabelle et al.

2020; Sidaway 2019)

Table 6 Critical reflection of data regarding histology -independent indication (MSI-
H/dMMR) RCT=randomized controlled trial
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After the critical reflection of the data provided as a basis for this histology independent
indication, it is important to reconsider one important difference between the European and
the US regulations. In the EU, the conditional marketing authorization (CMA) scheme is
currently limited to initial marketing authorization applications and therefore not applicable to
Type Il variations (e.g., for new indications). CMA in the EU is an early-access pathway for
medicines that show promising therapeutic effects, but for which comprehensive data are not
available (EMA/CHMP/509951/2006). A CMA must be justified and is only applicable in
case of seriously debilitating or life-threatening diseases, medicinal products to be used in
emergency situations or orphan medicinal products. The risk-benefit balance of the product
must be positive, it must be likely that the applicant will be able to provide comprehensive
data and an unmet medical need must be fulfilled (EMA/CHMP/509951/2006). In contrast,
the FDA offers breakthrough designation/accelerated approval for new indications of existing
products in case of high unmet medical need and/or orphan indications. As pembrolizumab
was initially approved in 2015 for melanoma, a conditional approval is excluded for the MSI-
H/dMMR indication. In consequence, the comprehensive data should be submitted for

approval. The exploitation of comprehensive data is a major drawback in this setting.

4.3. The EMA position on larotrectinib in solid NTRK fusion cancers

Larotrectinib (Vitrakvi) is the first ‘histology independent’ cancer treatment recommended for

approval in the EU.

The primary reasons for granting this exceptional indication are discussed in this paragraph.
Considering the basic regulatory requirements for this type of indication as described in
Chapter 4.1, one of the main criteria (the unmet medical need) is clearly fulfilled. All cancer
types enrolled in the 3 trials supporting larotrectinib approval (Table 4) can be classified as
advanced cancer that have exhausted therapeutic options. NTRK gene fusions have been
identified in a wide range of prevalent tumors, but either they occur at very low frequencies in
common tumors or they have high prevalence in very rare tumors. To perform randomized
controlled trials (RCTs) in this setting is challenging.
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The other main criterion (the validated biomarker) could be discussed. The correct detection
of NTRK fusion is paramount. No companion diagnostic is available and no clear test was
recommended for the clinical larotrectinib studies 14001, 15002 and 15003, which fulfilled
the criteria for data pooling. Most of the tests performed were NGS-based (N = 98), while the
minority were FISH-based (N = 6) and RT-PCR-based (N=1).

The biological rationale is strong. NTRK gene fusion mechanism has been extensively
studied in the literature since 1986 (Martin-Zanca et al. 1986; Martin-Zanca et al. 1989), and
somatic fusion events involving the NTRK1, NTRK2 or NTRK3 genes (NTRK gene fusions)
have been identified across diverse cancers that occur in children and adults (Vaishnavi et al.
2015). Although NTRK fusions mechanism and the pharmacodynamics of larotrectinib are
well understood, the Scientific Advisory Group (SAG) in Oncology (consulted by the CHMP
during this procedure) pointed out that data do not support the hypothesis that NTRK gene
fusions are universally oncogenic “drivers”, independently of tumor type/histology and other
disease characteristics (CHMP 2019). In addition, the association between the NTRK-fusions
or the fused NTRK genes and prognosis in terms of long-term clinical outcomes is generally

not well understood.

The main efficacy analysis set is the pooled ePAS2, which consists of 93 patients. The ORR
by IRC was 72% (n=67/93, 95% CI: 62, 81%), and ORR by investigator assessment (INV)
was 80%. The agreement rate between IRC and INV assessments was 90%. The median
change in target tumor lesions sizes was a decrease of 66%. This level of pharmacodynamic
activity seen was regarded as impressive (CHMP 2019). Mechanisms for primary and
secondary resistance mechanisms to larotrectinib have been addressed in the SmPC, and will

be further investigated in the post-authorization setting as part of the CMA conditions.

The overall toxicity of larotrectinib appears manageable with appropriate risk minimization
measures as recommended in the SmPC. The safety profile is thus not considered to

negatively impact the B/R balance of larotrectinib.
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Data supporting the histology

independent indication

Data arguing against the
histology independent

indication

Biological rationale

NTRK gene fusion mechanism has

been extensively studied in literature

Association between the
NTRK-fusions or the fused
NTRK genes and prognosis
in terms of long-term
clinical outcomes is not well

understood.

NTRK gene fusion mechanism has

been extensively studied in literature

For some indications, the
role of NTRK fusions as
oncogenic “drivers” is not
properly studied and well
established.

Clinical data

The approval was based on 93
patients with NTRK fusions across
the three uncontrolled, single-arm
trials. The ORR by IRC was 72%
(n=67/93, 95% CI: 62, 81%), and
ORR by investigator assessment
(INV) was 80%. The agreement rate
between IRC and INV assessments

was 90%.

The overall toxicity of larotrectinib

appears manageable.

The observed objective
responses rates were highly
variable across the studied
tumour types, from 0% ORR
in single patients with breast
cancer, cholangiocarcinoma
and pancreatic cancer to
100% in the 4 patients with
GIST tumors.

Limited data set

Mechanisms for primary and

secondary resistance

Table 7 Critical reflection of data regarding histology independent indication (NTRK fusion)
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4.4. Discussion of this paradigm shift

The biological relevance of molecular aberrations and the response to target agents can
substantially differ depending on tumor type (Hierro et al. 2019). This is not only due to the
difference in the prevalence of a specific target. Target expression or molecular status alone is
not sufficient to predict response. The signaling pathway might play different roles in each
specific histologic context and different mechanistic explanations could mediate resistances
(please refer to Chapter 2). One major drawback in tumor-agnostic treatment development
was the result from the VE-BASKET trial A histology-independent, flexible, early phase 11
study of vemurafenib in patients with non-melanoma cancers harboring BRAF V600
mutations. It was clearly demonstrated that although it is scientifically evident that BRAF
V600 mutations are driver mutations in many cancers and effective BRAF inhibition leads to
significant improvement in long-term survival in some indications, the histologic context is an
important determinant of response in BRAF V600—mutated cancers. With these data in mind,

the decided change operated by the FDA and the EMA seems to be remarkable.

In order to understand the motivation of the CHMP to go forward with this histology
independent indication despite the fairly negative opinion expressed by the SAG Oncology,
the data from both histology independent indications, Keytruda in MSI-H/dMMR tumors and
Vitrakvi in NTRK-fusion tumors, should be considered. As already mentioned, the regulatory
obstacle for the Keytruda approval was surely the missing CMA pathway for extensions of
indications in the centralized European procedure. Nevertheless, critical reflection of data
submitted to the FDA (EPAR-Keytruda; Lemery 2017) highlighted another drawback for the
histology bindependent approval: the biological rationale. Compared to the strong rationale
for the inhibition of NTRK fusion constant signaling, the hypothetical rationale for the PD-
1/PD-L1 indirect effect in MSI-H dMMR remains borderline, and much more preclinical
science is required. This is also true for larotrectinib in NTRK-fusion tumors and is
underlined by the request of the CHMP to further investigate primary and secondary
resistance mechanisms to larotrectinib in the post-authorization setting as part of the CMA
conditions. Nevertheless, the belief in the mode of action and its independency of tumor
histology was strong enough to initiate this paradigm shift. In short, the less clinical data are
available, the more data gained from preclinical studies and peer reviewed literature should be

submitted (Figure 14)
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Figure 14 Considerations for histology independent development of new drugs in oncology.

The stronger the biological rationale, the less could be the clinical evidence.

At the workshop on site and histology independent indications in oncology that was held in

December 2017 by the EMA, the scientific director of the European Organisation for

Research and Treatment of Cancer (EORTC) summarized:

“In the preparation of a histology-independent indication there is a very high need of upfront

science to address the credible pathway essential to the tumor and alternative pathways and

resistance mechanisms?” (Bogaerts 2017).
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5. Outlook and final conclusions

5.1. Consequences on Regulatory Guidance
General considerations (the industry perspective)

After analyzing the first histology independent indications approved, the key question
remains: Should a sponsor develop a medicinal product irrespective of histology? The answer
is complex and it will rely on several preclinical and clinical factors. One factor is the amount
and the reliability of data supporting the scientific rationale and the context of treatment in
patients with different tumor types. As discussed in Chapter 3.3, the scientific rationale is
strongly dependent on the target and the mechanism of action, which should be agrred by the
scientific community to be independent of tumor type. This applies also to the resistance
mechanisms, which should be well understood. Regarding the clinical context, all types of
tumors intended to be included in the indication should be rare. In case one of the indications
is not rare enough and an RCT is feasible, the european regulatory agencies (e.g. EMA) will
almost certainly request data from a pivotal RCT. The FDA seems to be more flexible, as the
agency approved pembrolizumab in the MSI-H/dMMR-indication despite including the CRC
MSI-H/dMMR tumors. Another aspect the sponsor should consider is the large variety of
standard therapies across different indications. If a medicinal product is most effective in
combination regimens, histology independent development may not be appropriate. This
applies mostly to earlier lines of cancer treatments. As a consequence, those histology
independent therapies will be limited to patients with no alternative treatment options in later
lines of treatment. In addition, for highly toxic medicinal products or in case of a poor
understanding of toxicity, limited clinical data will not be acceptable for approval. Given the
single-arm designs of basket trials, a tissue-agnostic development is only appropriate to be
considered in situations where it is expected or likely that the drug-target interaction will
demonstrate very high (outstanding!) activity across different tumor types. The majority of
approved medicinal products based on ORR are “breakthrough” therapies, i.e. transformative

(CHMP 2019).

The clinical data package will be most likely evaluated as non-comprehensive by the
regulators and the agencies will raise conditions with the approval. Nevertheless, the
postponing of efficacy data generation to the post-marketing setting (CMA) is usually not
preferable. The Regulation (EC 658/2007) defines financial penalties for infringement of
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certain obligations in connection with marketing authorizations granted under Regulation (EU
726/2004). In the case of infringement of specific obligations, the commission can apply a
financial penalty to the marketing authorization holder, which could amount to a total of 0.5%

of the turnover of the MAH in the EU in the preceding business year.

A truly histology independent indication would allow for the treatment of adult patients and
children. In consequence, sponsors who are assessing the effects of a medicinal product across
tumor types have to consider how they will address the needs for children with tumors
possessing the respective biomarker. American regulators explicitly recommended the
inclusion of adolescents (age 12-17) in disease- and target-appropriate adult oncology trials
(Chuk et al. 2017). The perception of the EMA is in all likelihood similar. Considering the
specific obligations (SOB) linked to the conditional approval of larotrectinib in Europe (to
provide further PK data in small children and to provide long-term safety outcomes
particularly in children), it is quite evident that one main focus of the regulatory agencies is to

get comprehensive efficacy and safety data from children (Josephson 2019).

The last aspect and surely one of the most important to consider is that histology independent
trials often start with a molecular screening phase (basket trials), and positivity to a given
biomarker is often the common denominator between the different sub-studies. Accuracy of
the biomarkers is the cornerstone of these design. Otherwise, false positive patients will be
enrolled. As shortly addressed in Chapter 2, the companion diagnostic or, in Europe, the in
vitro diagnostic (IVD) must have been fully validated before the initiation of the respective
trials. As the IVD is intended to select patients and has clearly a medical purpose, it will be
regulated under the scope of the new Regulation 746/2017 of the European commission (EU
746/2017). The regulation will therefore apply before Marketing Authorization and should be

taken into account before clinical trial application.

To summarize, tumor type-independent development may only be applicable to drugs with
high clinical response rate, in rare tumor types, with pediatric formulations available and, in
addition, this should go together with a reliable assay development for the biomarker. A high
risk remains with the MA-Applicant if any of the points, described above, is not sufficiently

addressed.
General considerations (the regulatory perspective)

In general, with the approval of larotrectinib, the CHMP clearly stated that it is willing to

prioritize cancer drugs that target tumors according to their genetic makeup rather than where
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they originate in the body. The decision for approval was controversially discussed and,
remarkably, the SAG Oncology explicitly indicated by consensus source that available data
do not support the hypothesis that NTRK gene fusions are universally oncogenic “drivers”,
independently of tumor type/histology and other disease characteristics. According to the
SAG oncology statement (which was understood to be also the view of several members of
the CHMP) the indication should have been restricted to several tumor indications as studied
in the pivotal trial. However, the CHMP decided to move forward and granted the first
histology independent indication. With this paradigm change, the CHMP has set a precedent
with other novel therapies. The CHMP also clearly stated that it is willing to fast-track these
histology independent drugs (in the same way as it has CAR-T cell therapies for cancer)

(NHS 2019).

Thus, it appears that in case of promising targeted therapies addressing a specifically high
unmet medical need (e.g. rare cancer), the clinical development will move away from strict
exploratory and confirmatory phases to more seamless adaptive trial designs with conditional
approval and market entry early after clinical proof-of-concept based on surrogate endpoints,

such as ORR in oncology (Wegener)(Figure 15).

CMA for li
Phasel Phasell | Phase Ill Phase IV/RWE i
T extension?

MA Automatic

‘ withdrawal if
. SOB are not

fullfilled?

CMA Full MA

Figure 15 Schematic overview comparing classical clinical development with the adaptive
scheme.

In this sense, regulatory agencies may have to consider changes in drug approval conditions,
to deal with the inevitable degree of uncertainty associated with the evidence of efficacy
provided from trials lacking randomization, pooling across heterogeneous populations where
sometimes there is no standard-of-care or limited data on prognosis. Conditional approval
translates the judgement that the magnitude of benefit-risk assessment performed by

regulatory agencies is positive, but clinical evidence is incomplete. Nevertheless, there are
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some challenges in EU regulatory environment, and one major drawback in Europe is the
legal construction of the CMA. As already discussed above, the CMA is currently limited to
initial marketing authorization applications and it is not applicable to Type II variations (EMA
2020a). For the latter, only Annex-II conditions could be applied. The legal problem for both
(and particularly for the Annex-II condition) is that there is no possibility of an automatic
withdrawal of the marketing authorization, if the specific obligations (ongoing or new studies,
additional activities) are not fulfilled in the post-approval setting. Although the fulfilment of
specific obligations is legally binding, no medicinal product can be withdrawn from the
market purely because the obligation was not fulfilled (Hoekman et al. 2016) (EC 507/2006).
Withdrawal of marketing authorization is a time consuming procedure, in general an article

20 pharmacovigilance procedure, and has to be initiated by the EMA (EU 726/2004).

Feasible regulatory strategies to support histology independent approvals should include
temporal approvals or approvals at risk, that can be continuously reviewed once more data
from post-authorization studies become available, reflecting the "real-world" data (Gellad and
Kesselheim 2017). Those regulatory procedures have to be set in place by the European
Commission to allow easier withdrawal of an MP, but yet no initiative with this regard is

noticed.

Indeed, post-marketing data will be crucial for verifying the real clinical benefit of a new
drug, especially when conditional approvals are based on surrogate or intermediate endpoints,
such as ORR instead of OS. After the approval in various tumor types, randomized studies in
these rare patient populations may not be feasible. Such indications might even increase the
need for better real-life data (real world evidence, RWE), real-life follow-up (for safety data

generation, RWE is inadequate for the proof of efficacy).

Nevertheless, after exemplifying the restrictions in the present regulatory system, one has to
point out one of the major advantages of a histology independent development program from
a regulatory point of view. Histology independent indication could be a real opportunity for
rare cancers in the future. In addition, a truly histology independent indication would allow
for the treatment of adult patients and children at the same time, which really could be a
chance that medicinal products for the treatment of oncologic adolescent patients would be

tested and approved more expeditiously.

Gerneral considerations (the Health Technology Assessment (HTA) perspective)
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The recent tumour-agnostic approval by the European Commission is the first indication that
the pipeline of tumor-agnostic therapies will be growing. To date, it is not clear how the HTA
agencies may evaluate the value of these therapies. For larotrectinib, statements of the
Gemeinsamen Bundesausschusses (GBA) and the National Institute for Health and Care
Excellence (NICE) are already published (GBA 2020; IQWIQ 2020; NICE 2020). Of course,
the published statements are no official finals decisions (the expected publication date will be
beginning of April 2020 (GBA) and 27 May 2020 (NICE)), but the both statements clearly
show that clinical data provided so far will not be sufficient for generating enough evidence.
The existing process for HTA evaluation will need to evolve further; in a tumor-agnostic
scenario, new “rare” diseases are essentially created out of many individual conditions by
combining biomarker or genomic subsets into one larger population (eg, TRK fusion cancer
for larotrectinib). Given the complexity of the trial design used for histology independent
therapies, early scientific advice from regulatory agencies combined with the HTA advices

(parallel scientific advice procedures) is highly recommended (EMA 2020Db).

General considerations (health care professionals and patients)

Targeting oncologic driver mutations could indeed lead to the development of breakthrough
therapies, which are expected to have remarkable efficacy across multiple tumor types
(CHMP 2019). This allows earlier access of the medicinal product to patients with high unmet

medical need tumors and rare tumor types.

Larotrectinib (and all potential histology independent approvals) will soon face another
challenge: identifying cancer patients who would benefit from it. It should be discussed if all
patients with advanced cancer really need to be screened, looking for these oncogenic drivers,
even though it may be very rare, in a given type of cancer. When using a diagnostic test to
identify patient populations with low prevalence molecular alterations, efficiency and cost
challenges should be considered (Murphy et al. 2017). For the detection of NTRK fusions in
daily practice and clinical research, ESMO recommendations have already been published
(Marchio et al. 2019). In brief, for patients with tumors in which NTRK fusion are known to
be highly prevalent, any technique is applicable in principle. Nevertheless, the best options as
confirmatory techniques are FISH, RT-PCR or RNA-based targeted panels. In the other case,
were NTRK fusions are really rare and the challenge is the identification of NTRK fusions in
an unselected population, it would be recommended to use NGS targeted panel (DNA- or
RNA-based) that reliably detects NTRK fusions. If an NTRK fusion is identified, then IHC

should be used to confirm protein expression of the detected NTRK fusions. Alternatively, a
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‘two-step approach’ could be considered, which includes IHC first and confirmation of any
positivity detected with IHC by NGS. The question of whether advanced cancer patients will
be routinely tested for NTRK fusions depends on the implementation of NGS techniques in
the clinical routine molecular diagnostics of cancer. The simultaneous screening of a large
number of genes should be more effective than a gene-by-gene approach (Marino et al. 2018).
Indeed, NGS has become more widespread. Many oncologists have begun to use commercial
tests, such as FoundationOne CDx (Foundation Medicine), but the development is far from be
denominated as clinical routine (Avila, M. and Meric-Bernstam, F. 2018). It is obvious that
the diagnostic pathway is uncertain until the different EU states establish NGS whole genome

testing of all solid tumors will be implemented in the clinical routine service.

5.2. Overview on future development in cancer therapies

The regulatory approvals analyzed in this master thesis are a precedent for histology-
independent therapy for various medicinal products, intended to be at present in different

stages of clinical development (Figure 16).

Figure 16 demonstrates that the industry believes that the principle of histology -independent
treatment works case of tyrosine-kinase mutations, rspecially NTRK and receptor-tyrosine
kinase (RET) alterations (fusions or rearrangements). Encretinib was the second medicinal
product targeting NTRK fusions, which was approved by the FDA in August 2019 for last-
line patients with NTRK fusions. In October 2017. Encretinib obtained PRIME-status from
the EMA, but the approval is still pending. Loxo-195 (Selecretinib) is a next-generation
inhibitor targeting NTRK-fusion, and its intended-use is the treatment of patients developing

restistance while treated with larotrectinib.

An analysis of the oncology clinical trial pipeline according to EudraCT was conducted to
determine the extent of (basket) trials which could potentially be utilized as data basis for
histology independent indications (Annex A). This analysis was repeated on

ClinicalTrials.gov.

According to the databases TRX-0005 (repotrectinib) and meresetinib, both targeting NTRK

rearrangements, are still tested in basket studies with multiple indications. Nevertheless, at
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least the approval strategy for merestinib seems not to apply for a histology independent

indication.

Targeting receptor-tyrosine kinase (RET) seems to be another promising histology
independent target. RXDX-105 (targeting RET fusions), Loxo-292 and BLU-664 (targeting
RET rearrangements are being tested in various basket trials. This applies also for
PLX9486,targeting the Tyrosinkinase KIT . Her2 and Her3 are still valuable targets for a pan-
tumor application. Zenocutuzumab targeting HER3, TAS0728 targeting HER3 and MCLA-
128 tageting the HER2 and HER3 are being tested in basket trials including multiple tumor

indications.

According to EudraCT, a variety of basket trials are ongoing in solid tumors harbouring
FGF/FGFR aberations, fusions and mutations. These basket trials are evaluating the efficacy

of the MPs Pemigatinib, the pan-FGFR inhibitor Debio 1347 and TAS-120.

Her3 mutations
* Zenocutuzumab (Phase
/1)

KIT mutations

*  PLX9486 (Phase I/lia)
NTRK alterations
* Fusions

* Encretinib (Phase I1)
* Loxo-195 (Phase I/ll)

K Rearrangements
+  TPX-0005 (Phase I/Ii)
* Merestinib (Phasell)

FGFR alterations

BRAF mutations
* Mutations
PLX8394 (Phase I/Il) +  Pemigatinib
MS/-H/dMMR * Fusions

Atezolizumab (Phase Il) > REiE

* Rearangements

EZH2 mutations
Tazemetostat (Phase 1/11)
GSK2816126-(Phase 11)_

LY3300054 (Phase I,
Umbrella)

*« TAS-120
RET alterations
* Fusions

RXDX-105 (Phase I)

* Rearrangements
* Loxo-292 (Phase I)

DNA mismatch repair mutation

Tyrosine-kinase mutation

Figure 16 The biomarker targets of histology independent therapies.

Medicinal products targeting BRAF mutations are generally not tested histology independent,

with exemption of combination study, but an histology independent approval for combination
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therapies might be an unrealistic strategy (please refer to chaper 5.1). Nevertheless, PLX8394
(Yao et al. 2019) and LGX818 (Array Biopharma) is tested in a basket study.

Interestingly, only two PD-1/PD-L1 inhibitors are still under evaluation in basket studies of
MSI-H/dMMR tumors: atezolizumab and LY3300054 and LY3300054 are tested in several
combinations (Umbrella study). In contrast, several studies are active in mCRC with MSI-
H/dMMR reflecting the doubts raised by critical reflection of the FDA Keytruda approval
(please refer to Chapter 3.1).

For completeness, one has to mention the efforts to target epigenetic histone methylation, but
from the two drugs tested in a tumour-agnostic manner (Tazomeostat and GSK2816126),

GSK2816126 has already failed to show sufficient efficacy.

5.3. Summary and Conclusion

With the approvals of pembrolizumab for patients with MSI-H and dMMR tumors and
larotrectinib for patients with NTRK fusion tumors, the FDA was the first agency prioritizing
histology independent cancer drug development. Although the paradigm change was heavily
discussed, the EMA (CHMP) followed the lead and approved larotrectinib finally in
September 2019.

Critical reflection of clinical data demonstrates that the database is borderline for both
indications. Pembrolizumab in patients with MSI-/H dMMR tumors was never submitted for
approval in Europe. This fact suggests that the clinical evidence with OR rates of roughly
40% in the context of a Mode of Action, based on the rather theoretical assumption that a high
mutational load would indirectly lead to better sensitivity for immunotherapy, was not
sufficient for the European agencies to enforce a paradigm change in oncology. This
paradigm change was executed two year later, when the CHMP expressed a positive opinion
for the approval of larotrectinib. As with pembrolizumab the clinical evidence for the
treatment of larotrectinib in patients NTRK fusion tumors could be regarded as limited.
Besides ORR of roughly 70%, a high ORR variability across studied tumor types and possibly
unknown resistance mechanism were a matter of concern in the assessment. Nevertheless, the

scientifically sound rationale for the target (NTRK-fusion), supposed to be a major
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oncological driver across indications, should have been the key factor for this paradigm

change in 2019.

To date, histology independent indications could indeed be a realistic way forward for cancer
drug development. In particular, the necessity of such histology independent paths in
developing medicinal products for rare tumor types and pediatric indications should be
acknowledged. However, looking closely at both approvals and the related discussions, it

should be noted that the tumor-agnostic development path is far from being established.

Beside the fact that, in the European regulatory framework, histology independent indication
are only conceivable in rare cancer indications, the scientific rationale must be extraordinary
strong. This means a well-established and oncologic driver and, ideally, the resistance
pathways should have been explored, with no difference between indications. In addition, a
fully validated biomarker in companion with a detection method, well established in clinical
practice, must be available. In brief, basic requirements for histology independent indications
are an unmet medical need, an established tumor tissue independent Mode of Action, a
validated biomarker, a clinical proof of principle with demonstrated activity across tumor
types, and a manageable safety profile. Histology-independent therapies challenge not only
the existing market entry pathways and regulatory frameworks. It is not yet foreseeable, how
the HT As will evaluate the clinical benefit of these indications. First statements on
larotrectinib indicate that clinical data are considered to be uncomprehensive. Another
obstacle is the patient screening as universal testing in the clinical routine for rare biomarkers
may not be covered through insurance due to high costs. Nevertheless, the recent development
of multiplex NGS platforms will further facilitate the adaptation of medicinal products

targeted to rare oncologic driver mutations in clinical practice.

A comprehensive literature and EudraCT database search was conducted and demonstrated
that only a minority of MPs are being tested in basket trials with multiple baskets of different
tumor types, which could be hypothetically used for an histology independent marketing
authorization (1/100 of oncologic trials n=24) . Looking closely at the targeted MPs, studied
in a histology independent manner, on can notice that at least the tyrosine kinase mutations,
rearrangements and fusions are suspected to driver mutations and ubiquitously important

enough to serve as a target in multiple tumor indications.

To recapitulate, the histology independent drug pathway is an innovative possibility to
develop medicinal products effectively target rare cancer populations (including paediatric

populations) and with the expansion of multiplex NGS platforms, it will become more and
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more important. Nevertheless, histology independent development should still be viewed and
applied with great caution. The tumor histology context must still considered. The historical
experience with the BRAFV600E inhibitors demonstrated that the same level of antitumor
activity might not occur across different malignancies and this also applies for MPs targeting
oncologic driver mutations. In addition, there are practical challenges, as testing of histology-
independent medicinal products in a basket trial may be a long process due to recruitment
hurdles owing to small sample sizes. Therefore, histology independent indications will remain

exceptional cases in the near future.
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Search cancer or tumor or tumour or neoplasm or carcinoma
Ongoing trials
Phase Il/lII

(Results: 2500 trials; only triels with >3 indications were selected; FIM,
dose.selection/escalation trials, T-Cell and DC.cell-therapy trials, pediatric trials were
excluded)

2019-002071-34 Vejle Hospital (Investigator)

Allocation of patients with pre-treated solid tumors to anti-cancer therapy based on gene
expression drug response prediction - a phase Il basket trial

Medical condition: Breast cancer Ovarian cancer Lung cancer Colorectal cancer Prostate
2018-003546-16 Debiopharm International SA SMARTPLUS-106:

Debio 1143 a SMAC Mimetic In Combination With Nivolumab In Patients Failing Prior PD-
1/PD-L1 Treatment: A Basket Trial A dose-optimization, exploratory phase Ib/Il study to
assess...

2017-005108-89 Vall d’Hebron Institute of Oncology (VHIO); Basket of Baskets: A
Modular, Open-label, Phase Il, Multicentre Study To Evaluate Targeted Agents in Molecularly
Selected Populations With Advanced Solid Tumors.
2018-004623-36 :Uppsala University Hospil; A MolEcularly Guided Anti-Cancer Drug Off-Label
Trial — a multicenter, basket and umbrella explorative trial on the efficacy and safety of
molecular profile selected commercially available target...
2017-001857-14 UNICANCER; A phase I/l basket trial evaluating a combination of
Metronomic Oral Vinorelbine plus anti-PD-L1/anti-CTLA4 ImmunothErapy in patients with
advanced solid tumours....
2018-003115-21 Gustave Roussy; A phase Il whole exoMe sequencing-bAsed baskeT trlal
for combination therapy with durvaLumab (anti-PDL1) (MEDI4736) anD tremelimumAb (anti-
CTLAA4) in patients with metastatic solid tumors

2015-000269-30 Hoffmann-La Roche Lt AN OPEN-LABEL, MULTICOHORT, PHASE II
STUDY OF ATEZOLIZUMAB IN ADVANCED SOLID TUMORS
2018-001744-62 Gustave Roussy A multicenter, open label, phase Il basket trial

exploring the efficacy and safety of the combination of rucaparib (PARP inhibitor) and
atezolizumab (anti-PD-L1 antibody) in patients with DNA repair deficiency

2015-004062-29 University Hospital Southampton NHS Trust;SGI-110 to potentiate
platinum response: A phase Ib/randomised lla open label clinical trial combining SGI-110 with
cisplatin and gemcitabine chemotherapy

2013-004398-28; Medical Research Council Clinical Trials Unit at UC ; A phase Il double-blind
placebo-controlled randomised trial assessing the effects of aspirin on disease recurrence and
survival after primary therapy in common non-metastatic solid tumours.

2019-002113-19 Janssen-Cilag International NV; A Phase 2 Study of Erdafitinib in
Subjects with Advanced Solid Tumors and FGFR Gene Alterations
2016-004989-25 Incyte Biosciences; A Phase 1/2 Study Exploring the Safety,

Tolerability, and Efficacy of INCAGN01876 in Combination With Immune Therapies in Subjects
With Advanced or Metastatic Malignancies.

2017-005076-26 Seattle Genetics, Inc.; Open Label Phase 2 Study of Tisotumab
Vedotin for Locally Advanced or Metastatic Disease in Solid Tumors
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26.

27.
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29.
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31.

32.

33.

34.

2013-002844-10 Bristol-Myers Squibb; A Phase 1/2, Open-label Study of Nivolumab
Monotherapy or Nivolumab combined with Ipilimumab in Subjects with Advanced or Metastatic
Solid Tumors

2017-001743-12 Incyte Corporation Full Title: A Phase 1/2, Open-Label, Dose-
Escalation, Safety, Tolerability, and Efficacy Study of Epacadostat and Nivolumab in
Combination With Immune Therapies in Subjects With Advanced or Metastatic Maligna...
2016-004743-37 Genmab A/S; A multi-center, open-label trial investigating the efficacy
and safety of continued treatment with tisotumab vedotin in patients with solid tumors known to
express tissue factor

2016-001860-12 Novartis Pharma Services AG A phase l/ll, multicenter, open-label
study of MAK683 in adult patients with advanced malignancies

2015-002067-41 Merck Sharp & Dohme Corp.; A Clinical Trial of Pembrolizumab (MK-
3475) Evaluating Predictive Biomarkers in Subjects with Advanced Solid Tumors (KEYNOTE
158)

2015-005464-42 Gustave Roussy ; A phase Il study to assess the efficacy of the anti-

PD-L1 antibody atezolizumab (MPDL3280A) administered with stereotactic ablative
radiotherapy (SABR) in patients with metastatic tumours

2017-000300-26 Eisai Ltd.; A Multicenter, Open-Label Phase 1b/2 Trial of Lenvatinib
(E7080) Plus Pembrolizumab in Subjects With Selected Solid Tumors

2016-000461-23 :Bristol-Myers Squibb ; An Open-label Phase 2 Multi-cohort Trial of
Nivolumab in Advanced or Metastatic Malignancies

2014-003773-42 Pharma Mar S.A. Sociedad Unipersonal; A Multicenter Phase Il
Clinical Trial of Lurbinectedin (PM01183) in Selected Advanced Solid Tumors.
2018-000124-34 Pfizer Inc; A Phase 1b/2, study to evaluate safety and clinical activity

of avelumab in combination with binimetinib with or without talazoparib in patients with locally

advanced or metastatic RAS-Mutant Solidid tumors.

2016-003312-12 Celyad SA; A multinational, open-label, dose escalation Phase I/I|

study to assess the safety and clinical activity of multiple administrations of NKR-2 in patients

with different metastatic tumor types

2018-002108-15 Bristol-Myers Squibb ; Phase 1/2 Study of BMS-986310 Administered

Alone and in Combination with Nivolumab in Participants with Advanced Solid Tumors
Medical condition: Advanced Solid Tumors

2016-002260-14 UNICANCER; Secured access to pembrolizumab for adult patients
with selected rare cancer types.
2016-003543-11 Nektar Therapeutics; A Phase 1/2, Open-label, Multicenter Study of

the Combination of NKTR-214 and Nivolumab or the Combination of NKTR-214, Nivolumab,
and Other Anti-Cancer Therapies in Patients with Select Locally Ad...

2016-000210-29 Novartis Pharma Services ; A Phase Ib/Il, open label, multicenter
study of MCS110 in combination with PDR001 in patients with advanced malignancies
2018-002966-37 Belgian Society of Medical Oncology Efficacy of Olaparib in advanced

cancers occurring in patients with germline mutations or somatic tumor mutations in
homologous recombination genes.

2016-003411-34 BSMO; Precision 2: an open explorative phase Il, open label study of
afatinib in the treatment of advanced cancer carrying an EGFR, a HER2 or a HER3 mutation.
2017-002243-15 Immunocore Ltd.; A Phase I/ll Open-Label, Multi-center Study of the

Safety and Efficacy of IMCnyeso, an HLA-A* 0201-Restricted, NY-ESO-1 and LAGE-1A-
specific soluble T Cell Receptor and Anti-CD3 Bi-specific Molecul...

2018-003172-12 Kymab Ltd ; A Phase 1/2, open-label, multi-center study of the safety
and efficacy of KY1044 as single agent and in combination with anti-PD-L1 (atezolizumab) in
adult patients with selected advanced malignancies.

2015-005019-34 Novartis Pharma ; A phase I/l study of safety and efficacy of ribociclib
(LEEO11) in combination with trametinib (TMT212) in patients with metastatic or advanced
solid tumors

2017-003182- 94 Hoffmann-La Roche Ltd, AN OPEN-LABEL, MULTICENTER,
PHASE Il STUDY TO EVALUATE THE THERAPEUTIC ACTIVITY OF RO6874281, AN
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IMMUNOCYTOKINE, CONSISTING OF INTERLEUKIN-2 VARIANT (IL-2V) TARGETING
FIBROBLAST ACTIVATION PROTEIN-...

2019-002013-20 Alkermes, Inc.; A Phase 1/2 Study of ALKS 4230 Administered
Subcutaneously as Monotherapy and in Combination With Pembrolizumab in Subjects With
Advanced Solid Tumors (ARTISTRY-2)

2017-002904-29 Incyte Corporation; A Phase 1/2 Study to Evaluate the Safety,
Tolerability, and Efficacy of INCB001158 in Combination With Chemotherapy, in Subjects With
Advanced or Metastatic Solid Tumors.

2014-003929-17 Novartis Pharma Services AG Open label multicenter Phase I/l study
of the safety and efficacy of PDR001 administered to patients with advanced malignancies
2013-000445-39 GlaxoSmithKline; A phase I/ll open-label, dose escalation study to

investigate the safety, pharmacokinetics, pharmacodynamics and clinical activity of
GSK525762 in subjects with relapsed, refractory haematological malignancies
2015-002552-27 Pfizer Inc,; A PHASE 1B/2 OPEN-LABEL STUDY TO EVALUATE
SAFETY, CLINICAL ACTIVITY, PHARMACOKINETICS AND PHARMACODYNAMICS OF
AVELUMAB* (MSB0010718C) IN COMBINATION WITH OTHER CANCER
IMMUNOTHERAPIES IN PATIENTS WI...

2019-001946-17 Seattle Genetics, Inc.; Open-Label Phase 2 Study of Ladiratuzumab
Vedotin (LV) for Unresectable Locally Advanced or Metastatic Solid Tumors
2016-004289-25 Incyte Corporation; A Phase 1/2 Study Exploring the Safety,

Tolerability, Effect on the Tumor Microenvironment, and Efficacy of Azacitidine in Combination
With Pembrolizumab and Epacadostat in Subjects With Advanced Solid Tumors
2018-003747-37 Merck Sharp & Dohme Corp., A Multicenter; Open-label Phase 2
Study of Lenvatinib (E7080/MK-7902) Plus Pembrolizumab (MK-3475) in Previously Treated
Subjects with Selected Solid Tumors (LEAP-005)

2017-000241-49 Novartis Pharma AG; A Phase 2, multi-center, open label study of
NIR178 in combination with PDR0O01 in patients with selected advanced solid tumors and non-
Hodgkin lymphoma

2019-001998-90 Alkermes, Inc.; A Phase 1/2 Study of ALKS 4230 Administered
Intravenously as Monotherapy and in Combination with Pembrolizumab in Subjects with
Advanced Solid Tumors- ARTISTRY-1

2018-002941-12 :Incyte Corporation A Phase 2 Study of INCMGA00012 (PD-1
Inhibitor) in Participants With Selected Solid Tumors (POD1UM-203)
2015-004005-16 Astra Zeneca AB, A Phase I/ll Study of MEDI4736 (Anti-PD-L1

Antibody) in Combination with Olaparib (PARP inhibitor) in Patients with Advanced Solid
Tumors

2017-001725-40 Bristol-Myers Squibb; A Phase 1b/2 Study of BMS-813160 in
Combination with Chemotherapy or Nivolumab in Patients with Advanced Solid Tumors.
2015-003656-40 Pharmacyclics LLC A Phase 1b/2 Study of Ibrutinib Combination
Therapy in Selected Advanced Gastrointestinal And Genitourinary Tumors
2018-001796-21 :FORMA Therapeutics, Inc. A Phase 1b/2 Study of FT-2102 in
Patients with Advanced Solid Tumors and Gliomas with an IDH1 Mutation
2019-000999-42 CytomX Therapeutics, Inc.; A Phase 2, Open-Label, Multi-cohort

Study of PD-L1 Probody™ Therapeutic CX-072 in Combination With Other Anticancer Therapy
in Adults With Solid Tumors (PROCLAIM-CX-072-002)

2018-000058-22 Bristol-Myers Squibb; A Phase 1/2 Study of Relatlimab (anti-LAG-3
Monoclonal Antibody) Administered in Combination with Both Nivolumab (anti-PD-1
Monoclonal Antibody) and BMS- 986205 (IDO1 inhibitor) or in Combination w...
2013-004482-14 Novartis Pharma Services AG; A phase l/ll, multicenter, open-label
study of EGFRmut-TKI EGF816,administered orally in adult patients with EGFRmut solid
malignancies

2017-000794-37 Hoffman-La Roche Ltd.; A PHASE Il, OPEN-LABEL, MULTICENTER,
MULTI-COHORT STUDY TO INVESTIGATE THE EFFICACY AND SAFETY OF
COBIMETINIB PLUS ATEZOLIZUMAB IN PATIENTS WITH SOLID TUMORS
2015-002934-32 AstraZenenca; A Phase I, Multi-Center, Open-Label Study of
Tremelimumab Monotherapy in Patients with Advanced Solid Tumors
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2015-000449-21 Novartis Pharma Services AG; A Phase I/ll, open label, multicenter
study of the safety and efficacy of LAG525 single agent and in combination with PDR001
administered to patients with advanced malignancies

2018-001400-11 Amgen Inc.; A Phase 1/2, Open-label Study Evaluating the Safety,
Tolerability, Pharmacokinetics, Pharmacodynamics, and Efficacy of AMG 510 Monotherapy in
Subjects With Advanced Solid Tumors With KRAS p.G12C Mutant..

2012-004083-21 Epizyme, Inc.; An Open-Label, Multicenter, Phase 1/2 Study of
Tazemetostat (EZH2 Histone Methyl Transferase [HMT] Inhibitor) as a Single Agent in
Subjects With Advanced Solid Tumors or With B Cell Lymphomas

2017-004246-20 Bayer Consumer Care AG; Bayer 20810 - A Phase 1/2 Study of the
TRK Inhibitor Selitrectinib (BAY 2731954) in Adult and Pediatric Subjects with Previously
Treated NTRK Fusion Cancers

2016-003616-13 Turning Point Therapeutics, Inc.; A Phase 1/2, Open-Label, Multi-
Center, First-in-Human Study of the Safety, Tolerability, Pharmacokinetics, and Anti-Tumor
Activity of TPX-0005 in Patients with Advanced Solid Tumors Harboring ALK-gene
rearrangements, ...

2015-003385-84 F. Hoffman-La Roche Ltd Full AN OPEN-LABEL, MULTICENTER,
GLOBAL PHASE 2 BASKET STUDY OF ENTRECTINIB FOR THE TREATMENT OF
PATIENTS WITH LOCALLY ADVANCED OR METASTATIC SOLID TUMORS THAT HARBOR
NTRK1/2/3, ROS1, OR ALK GENE REARRANGEMENTS...

2011-005875-17 :Array Biopharma Inc; A Phase Ib/ll, multicenter, open-label, dose
escalation study of LGX818 in combination with MEK162 in adult patients with BRAF V600 -
dependent advanced solid tumors

2016-004390-41 Blueprint Medicine; A Phase 1/2 Study of the Highly-selective RET
Inhibitor, BLU-667, in Patients with Thyroid Cancer, Non-Small Cell Lung Cancer (NSCLC)
and Other Advanced Solid Tumors

2018-004768-69 Incyte Corporation; A Phase 2, Open-Label, Single-Arm, Multicenter
Study to Evaluate the Efficacy and Safety of Pemigatinib in Participants With Previously
Treated Locally Advanced/Metastatic or Surgically Unresectable Solid Tumor Malignancies
Harboring Activating FGFR Mutations or Translocations (FIGHT-207)

2019-001745-40 Start Date*: 2019-11-24 Sponsor Name:Merck Sharp & Dohme Corp.,
A Phase 2 Study of Olaparib in Combination with Pembrolizumab in Participants with
Previously Treated, Homologous Recombination Repair Mutation (HRRm) and/or
Homologous Recombination Deficiency

2017-004415-39 Taiho Oncology, Inc.; A PHASE 1/2, OPEN-LABEL, MULTICENTER
STUDY TO INVESTIGATE THE SAFETY, PHARMACOKINETICS, AND EFFICACY OF
TAS0728, AN ORAL COVALENT BINDING INHIBITOR OF HER2, IN SUBJECTS WITH
ADVANCED SOLID TUMORS with HER2 or HER3 mutation ...

2016-002596-10 Incyte Corporation A Phase 2, Open-Label, Monotherapy, Multicenter
Study to Evaluate the Efficacy and Safety of INCB054828 in Subjects With Myeloid/Lymphoid
Neoplasms With FGFR1 Rearrangement

2014-003277-42 Merus B.V.; A Phase I/ll Study of MCLA-128, a full length IgG1 Bispecific
Antibody Targeting HER2 and HER3, in Patients with Solid Tumors

2018-000345-39 Pfizer Inc.; A Phase 2 Study to Evaluate Safety and Anti-tumor Activity
of Avelumab in Combination with Talazoparib In Patients with BRCA or ATM Mutant Tumors
2018-003007-19 Merck Sharp & Dohme Corp.; A Phase 2 Study of Olaparib
Monotherapy in Participants with Previously Treated, Homologous Recombination Repair
Mutation (HRRm) or Homologous Recombination Deficiency (HRD) Positive Advanced
Cancer

2019-001155-39 Hoffmann-La Roche Ltd; A PHASE 1/2, OPEN-LABEL, DOSE-
ESCALATION AND EXPANSION STUDY OF ENTRECTINIB (RXDX-101) IN PEDIATRICS
AND YOUNG ADULTS WITH NO CURATIVE FIRST-LINE TREATMENT OPTION OR
RECURRENT/REFRACTORY SOLID TUMORS.

2016-003616-13 Turning Point Therapeutics; A Phase 1/2, Open-Label, Multi-
Center, First-in-Human Study of the Safety, Tolerability, Pharmacokinetics, and Anti-Tumor
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Activity of TPX-0005 in Patients with Advanced Solid Tumors Harboring ALK gene

rearrangements ......

2015-004535-12 Kura Oncology, Inc. An Open Label Phase Il Study of Tipifarnib in
Advanced Non-Hematological Malignancies with HRAS Mutations

2015-000230-29 Bristol-Myers Squibb Inc Non-Comparative, Open-Label, Multiple

Cohort, Phase 1/2 Study of Nivolumab and Nivolumab plus Ipilimumab in Subjects with Virus-
Positive and Virus-Negative Solid Tumors

2015-003582-28 Loxo Oncology Inc ; A Phase Il Basket Study of the Oral TRK Inhibitor
LOXO-101 in Subjects with NTRK Fusion-Positive Tumors

2016-003498-16 Loxo Oncology Inc.; A Phase 1/2 Study of the Oral TRK Inhibitor
LOXO-101 in Pediatric Patients with Advanced Solid or Primary Central Nervous System
2013-002872-42 Puma Biotechnology, Incm: An Open-Label, Phase 2 Study of
Neratinib in Patients With Solid Tumors With Somatic Human Epidermal Growth Factor
Receptor (EGFR, HER2, HER3) Mutations or EGFR gene amplification

2017-000800-59 Loxo Oncology, Inc.; A Phase 1/2 Study of Oral LOX0O-292 in Patients
with Advanced Solid Tumors, Including RET Fusion-Positive Solid Tumors, Medullary
Thyroid Cancer, and Other Tumors with RET Activation (LIBRETTO-001)

2016-002898-35: Bristol-Myers Squibb: A Randomized, Open-Label, Phase 2 Study of
Nivolumab in Combination with Ipilimumab or Nivolumab Monotherapy in Participants with
Advanced or Metastatic Solid Tumors of High Tumor Mutational Burden...
2018-003584-53 :Debiopharm International SA A Phase Il basket study of the oral
selective pan-FGFR inhibitor Debio 1347 in subjects with solid tumors harboring a fusion of
FGFR1, FGFR2 or FGFR3.

2013-004810-16 Sponsor Protocol Number: TPU-TAS-120-101 Start Date*: 2014-04-
10 Sponsor Name:Taiho Oncology Inc.; PHASE 1/2 STUDY OF TAS-120 IN PATIENTS WITH
ADVANCED SOLID TUMORS HARBORING FGF/FGFR ABERRATIONS

2015-003582-28 Loxo Oncology Inc A Phase Il Basket Study of the Oral TRK Inhibitor
LOXO-101 in Subjects with NTRK Fusion-Positive Tumors
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