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1. Background information on the procedure

1.1. Submission of the dossier

The applicant Eli Lilly Nederland B.V. submitted on 20 December 2019 an application for marketing

authorisation to the European Medicines Agency (EMA) for Selpercatinib Lilly, through the ce ntralised
procedure falling within the Article 3(1) and point 3 of Annex of Regulation (EC) No 726/2004. The

eligibility to the centralised procedure was agreed upon by the EMA/CHMP on 26 April 2019.

The applicant applied for the following indication:
Selpercatinib Lilly as monotherapy is indicated for the treatment of adults with:
T advanced RET fusion -positive non -small cell lung cancer (NSCLC) who require systemic therapy

i advanced RET fusion -positive thyroid cancer who require systemic therapy an d who have
progressed following prior treatment

Selpercatinib Lilly as monotherapy is indicated for the treatment of adults and adolescents 12 years
and older with advanced RET  -mutant medullary thyroid cancer (MTC) who require systemic therapy.

The legal b asis for this application refers to:
Article 8.3 of Directive 2001/83/EC - complete and independent application

The application submitted is composed of administrative information, complete quality data, non -
clinical and clinical data based on applicantsdé own tests al
substituting/supporting certain test(s) or study(ies).

Inf ormation on Paediatric requirements

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included an EMA Decision
P/0369/2019 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the application, the PI P P/0369/2019 was not yet completed as some
measures were deferred.

Information relating to orphan market exclusivity

Similarity

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the applicant di d submit a critical report addressing the possible similarity with authorised
orphan medicinal products.

Applicantdés request for consideration

Conditional marketing authorisation

The applicant requested consideration of its application for a Conditional marketing authorisation in
accordance with Article 14  -a of the above -mentioned Regulation.
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Accelerated assessment

The applicant requested accelerated assessment in accordance to Article 14 (9) of Regulation (EC) No
726/2004.

New active Substance status

The applicant requested the active substance selpercatinib contained in the above medicinal product to
be considered as a new active substance, as the applicant claims that it is not a constituent of a
medicinal product previously authorised within the European Union.

Scientific advice

The applicant received Scientific Advice/Protocol Assistance on the development relevant for the

approved indications from the CHMP, on 25 July 20119 (EMEA/H/SA/4170/1/2019/PA/II,
EMEA/H/SAI4170/2/2019/11). The Scient ific Advice pertained to the following non -clinical, quality and
clinical aspects of the dossier:

A The proposed starting material for the synthesis of selpercatinib, the proposed drug substance
stability approach, and the proposed drug product packaging and stability;

A The adequacy of the non -clinical package, and specifically investigation of embryo -foetal
developmental toxicity studies, to support MAA;

A The design of a Phase 1/2 study LOXO-RET-17001 , and particularly:
0 Regarding the RET -mutant MTC cohort, the adequacy of the proposed population, the proposed

primary analysis and supplementary analyses sets for efficacy, and the inclusion of a TKi -naive
subgroup.
0 Regardingthe RET -fusion NSCLC cohort, the adequacy of the proposed RET -fusion NSCLC pat ient

population, the proposed primary analysis and supplementary analyses sets for efficacy, and the
inclusion of a previously untreated subgroup.

o The adequacy of the proposed datasets to support a benefit/risk assessment in RET -mutant MTC
and RET -fusion N SCLC.

A The design of a proposed randomized, open -label, Phase 3 study J2G -MC-JZJB in TKi - naive patients
with locally advanced or metastatic MTC, in particular the proposed patient population, the choice of
comparator, the primary endpoint, the possible cros sover to the active treatment arm, the statistical
plan, and the approach to collection of patient -reported outcomes  ;

A The design of the proposed Phase 3 study J2G -MC-JZJC in previously untreated RET  -fusion NSCLC ,
in particular the proposed patient populati on, the choice of comparator, the primary endpoint, the

possible crossover to the active treatment arm, the statistical plan, and the approach to collection
of patient -reported outcomes ;

1.2. Steps taken for the assessment of the product

The Rapporteur and Co -Rapporteur appointed by the CHMP were:

Rapporteur: Alexandre Moreau Co-Rapporteur: Blanca Garcia -Ochoa
The application was received by the EMA on 20 December 2019
The procedure started on 30 January 2020
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The Rapporteur's first Assessme  nt Report was circulated to all CHMP 12 May 2020
members on

The Co - Rapporteur's first Assessment Report was circulated to all CHMP 12 May 2020
members on

The PRAC Rapporteur's first Assessment Report was circulated to all 11 May 2020
PRAC members on

The PRAC agreed on the PRAC Assessment Overview and Advice to 14 May 2020
CHMP during the meeting on

The CHMP agreed on the consolidated List of Questions to be sent to 28 May 2020
the applicant during the meeting on

The applicant submitted the responses to the CHMP consolidated List of 14 August 2020

Questions on

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Questions to all CHMP members on

02 October 2020

The PRAC agreed on the PRAC Assessment Overview and Advi ceto

CHMP during the meeting on

01 October 2020

The CHMP agreed on a list of outstanding issues <in writing and/or in
an oral explanation> to be sent to the applicant on

15 October 2020

The applicant submitted the responses to the CHMP List of Outstanding
Issues on

09 November 2020

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Outstanding Issues to all CHMP members on

02 December 2020

The outst anding issues were addressed by the applicant during an oral
explanation before the CHMP during the meeting on

N/A

The CHMP, in the light of the overall data submitted and the scientific
discussion within the Committee, issued a positiv e opinion for grant
a marketing authorisation to Selpercatinib Lilly on

ing

10 December 2020

The CHMP adopted a report on similarity of Re tsevmo product with
cabozantinib and sorafenib on (Appendix 1)

10 December 2020
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2. Scientific discussion

2.1. Problem statement

2.1.1. Disease or condition

The applicant is seeking a Marketing Authorisation for the following indications:
Treatment of adult patients with:
T advanced RET fusion -positive non -small cell lung cancer (NSCLC) who require systemic therapy

T advanced RET fusion -positive thyroid cancer who require systemic therapy and who have progressed
following prior treatment

Treatment of adults and adolescents 12 years and older with advanced RET -mutant medullary thyroid
cancer (MTC) who require systemic therapy.

2.1.2. Epidemiology a  nd risk factors

RET fusion -positive non -small cell lung cancer (NSCLC)

Approximately 85% to 90% of lung cancers are non -small cell lung cancer (NSCLC) and include 3 main
subtypes: squamous cell, carcinoma, adenocarcinoma, and large cell (undifferentiated) carcinoma
(Perez -Moreno et al. 2012; LCRF 2019). From all NSCLC cases, approximately 1% to 2% are expected

to harbour a chromosomal rearrangement that produces a rearranged during transfection (RET) gene

fusion and subsequently an oncogenically activated R ET receptor tyrosine kinase (RTK) (Kohno et al.
2013; Kato et al. 2017; Ferrara et al. 2018).

In Europe , approximatel y 500,000 patients develope d lung cancer in 2019 (LUCE 2019). Assumin g 90%
of thes e new cases are NSCLC (450,000 ), and RET fusions are presentin 1% to 2% of European

descendent NSCLC patients  the incidenc e of new cases of RET-fusion protei n lung cancer is expecte d to
be around 4,500 to 9,000 per year (ESMO 2019).

While smoking and exposure to  outdoo r air pollu tion are know n risk factors for NSCLC, they = may not
predict for RET fusion-positive NSCL C, given that patients with RET fusion-positive lung cancer have
often been associated with neve r-smoker statu s.

RET- mutant medullary thyroid cancer (MTC)

Thyroid cancer can be broken down into 4 main types: papillary, follicular, medullary and anaplastic.

Of these 4, medullary thyroid cancer (MTC) is a rare subtype representing about 3% to 5% of all

thyroid cancers (Accardo et al. 2017). Medullar y thyroid cancer is an uncomm on malignan t tum our
arising from the calcitoni n- producin g paraf ollicula r cells (C cells) of the thyroid. Robust epidemiology
data specific to MTC are sparse.

MTC accounts for 5% to 10% of all thyr oid cancers , with 70% to 80% occurring as a sporad ic entity
(sMTC) and 25% as familia | MTC (fMTC). Familia | MTC can occur as fMTC alone or as part of mul tiple
endocrin e neoplasi a type 2 (MEN2) (Figlioli et al. 2013 ). The majority of MTCs are sporadic, with about
10% identified as hereditary due to a germline activating mutation in the RET gene. Most sporadic

MTCs also have activating RET mutations (Figlioli et al. 2013). Medullary thyroid cancer accounts for

13.4% of all thyroid cancer -related deaths (Figlioli et al.2013).
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The typical age of presentation of sporadic MTC is in the fifth or sixt h decade , wit h a slight
preponderanc e in female s. In contrast, ME N2A and fMTCt ypically present in the third decade of life,
and MEN2B usually presents in those younger than age 20 (Roy et al. 2013). At presentation , 35% to
50% of patient s with MTC hav e regiona | metastasi s, while 13% to 15% hav e distan t metastasis main ly
to the lung, bone, and liver (Priya et al. 2017 ).

In Europe, an estimated 53,000 patients developed thyroid cancer in 2012. Assuming 5% of those

cases were MTC (2,650), and assuming RET -mutations are present in 60% of MTC patients the

incidence of new cases of RET -mutant MTC was approximately 1590 per year ( ENRC 2019; Roskoski
and Sadeghi -Nejad 2018).

MTC is very uncommon in children, but is most commonly associated with one of the multiple
endocrine neoplasia (MEN) syndromes

RET- Fusion Positive Thyroid Cancer (TC)

The thyroid follicle -derived, differentiated cancers (papillary thyroid cancer [PTC] and follicular thyroid
cancer [FTC]) are the most common thyroid cancers, accounting for 80% to 85% and 10% to 15% of

all thyroid cancer cases, respectively (Aboelnaga and Ahmed 2015) . Poorly differentiated subtypes
[PDTC] and anaplastic thyroid cancer [ATC]) account for 5% to 10% of thyroid cancers and are
characterized by less differentiated histologic features and more aggressive clinical behaviour than the
differentiated subtypes (  Landa 2016).

RET gene fusions have been identified in approximately 6% to 9% of PTCs and approximately 6% of

PDTCs (Fusco 1987; Agrawal 2013; Cancer Genome Atlas Research 2014; Kato 2017; Landa 2016). In
contrast to PTC and PDTC, neither FTC nor ATC are fr equently associated with RET gene fusions. Most
differentiated thyroid cancers, including PTC, are largely asymptomatic, treatable tumours with an

excellent prognosis after surgical resection and radioiodine therapy (Pacini et al., 2012).

In Europe, an es timated 53,000 patients developed th yroid cancer in 2012. Assuming 84% of those
cases were PTC (44,520) , and assumin g RET- fusion gene alteration s are present in 11% of PTC

patient s the incidenc e of new cases of RET- fusio n positive PTC was approximately 4900 per year (ENRC
2019 ; Roskosk i and Sadegh i-Nejad 2018).

Although extremely rare, the most common form of thyroid cancer in children is PTC. In addition,

children with differentiated thyroid cancer have a higher prevalence of gene rearrang ements (Segni et
al. 2017). Thyroid carcinomas occurring in children carry a unique set of clinical, pathologic, and

molecular characteristics.

2.1.3. Biologic features

Genetic alterations in the RET gene have been implicated in the pathogenesis of several human

cancers. RET can become oncogenically activated through two primary mechanisms: 1) chromosomal
rearrangements that fuse the RET kinase domain with a partner protein dimer isation domain (e.g.,
Coiled - coil domain -containing protein 6 (CCDC6)/papillary thyro id cancer -1 (PTC1), Kinesin Family
Member 5B (KIF5B), NCOA4/PTC3), producing hybrid proteins that endow the kinase with ligand -
independent, constitutive activity; and 2) point mutations that directly or indirectly activate the kinase

(Drilon et al. 2018).

2.1.4. Clinical presentation, diagnosis <and stage/p rognosis

RET fusion -positive non -small cell lung cancer (NSCLC)
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RET fusion -positive lung cancer is associated with identifiable clinic pathologic characteristics, including

younger age, never -smoker status, earl y lymph node metastas poor differentiation, and a

solid - predominant subtype; RET rearrangement seems to be mutually exclusive with other driver

mutations (e.g., EGFR, ROS1, KRAS mutations) (Bronte et al. 2019) . Patients with RET fusion - positive
lung cancer commonly have brain metastases at rates similar to the overall NSCLC population, in

approximately 20 -50% patients ( Fenske et al. 2017; Drilon et al. 2018)

Most patients with NSCLC present with advanced stage, unresectable disease, and poor prognosis, wit h
5-year survival rates ranging from 10% to < 1% for Stage 4 ( Planchard et al. 2018 ;). The symptoms
associated with advanced NSCLC represent a significant burden to patients, and include dyspnoea,

cough, fatigue, anxiety, depression, insomnia, and pain ( Thompson et al. 2005 ;).

RET-mutant medullary thyroid cancer (MTC)

The clinical course of MTC is highly heterogeneous, varying from indolent tumours that remain

unchanged for many years to aggressive cancers associated with high mortality. Medullar y thyr oid
cancer can pres ent at late stages and does not respond to th yroid stimula ting hor mone suppressi on or
iodine , conferrin g reduce d survival compare d with thyroid cancer overall (Machens et al. 2014).

MTC may have an intermediate or severe prognosis accounting for a larger proportion of deaths

attributed to thyroid cancer (Dal Maso et al. 2017). In Europe, the 5 -year relative survival for patients
with MTC was 88% (women) and 85% (men) (Dal Maso et al. 2017). The 10-year OS rat e of patient s
wit h localised diseas e is approximately 95%, whil e that of patients with regional stage disease is about
75%. Only 20% of patients with distant metastases (13% to 15% of the MTC popu lation) at diagnosis
survive 10 years after diagnosis (Priya et al. 2017 ).

In paediatrics, MTC is most frequently associated with a family history of MEN2A, and children typically
receive the diagnosis in the presymptomatic phase secondary to a family history of a known RET
mutation transmitted in an autosomal dominant pattern of inheritance (Hanley et al. 2016).

RET- Fusion Positive Thyroid Cancer (TC)

The clinica | cours e of RET fusion-positive PTC is heterogeneous , varyin g from some tumours being
cured by surgica | resection to aggressiv e cancer s associate d wit h metastase s and high mortali ty.
Recurrent disease is treated with reoperation and/or radioac tive iodine therap y. However , these
treatment s are associate d with significant morbid ity and are often not curat ive.

In comparison to adults, children more often present with aggressive, advanced stage disease. This is

at least in part due to the underlying biologic and molecular differences between paediatric and adult

thyroid cancer. Specificall  y, papillary thyroid carcinoma (which accounts for approximately 90% of

paediatric thyroid cancer) has a high rate of gene fusions (50 -60%, compared to approximately 15%
seen in adults), are associated with more extensive extrathyroidal disease (Starenki a nd Park 2015).

The prognosis is favourable for the papillary and follicular subtypes of thyroid cancer, as they are

slower -growing, indolent and rarely fatal cancers, as evidenced by the high 5 -year relative survival in
the EUROCARE -5 study (greater than 95% in PTC and 87% in follicular thyroid cancer (Dal Maso et al.
2017). In the US, the 5 -year survival rate for metastatic PTC is 78% compared to 99% for localised

cancer (ASCO 2019).

2.1.5. Management

RET fusion -positive non -small cell lung cancer (NSCLC)
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Altho ugh patients with  RET fusion -positive NSCLC have an identifiable driver mutation, they currently
receive the same standard  -of-care treatment as patients with NSCLC who do not have a driver
mutation, as there are no RET- specific approved therapies.

Approve d second -line chemotherapy treatments such as docetaxel alone or with ramucirumab, or
single -agent pemetrexed Immune checkpoint inhibitors in monotherapy such as nivolumab,
pembrolizumab, and atezolizumab are also used in this setting

RET- mutant medullar __y thyroid cancer (MTC)

MTC is not sensitive to radioactive iodine and is only curable through surgical resection ( Pacini et al.
2012 ), but recurrent disease occurs in approximately 50% of patients after resection. ( Wells et al.
2015). Locally recurrent dis  ease is treated with reoperation and/or external beam radiation therapy;
however, these treatments are associated with significant morbidity and are often not curative.

Metastatic MTC is managed with resection, radiation, or systemic therapies as noted bel ow, butis
currently incurable. Children and adolescents with MTC are treated in the same manner as adults, with

initial thyroidectomy then re -resection, radiation, or systemic therapy with recurrent disease ( Starenki
etal. 2015 ).

No systemic agents are a  pproved specifically for patients with advanced RET-mutant MTC, who are
treated with standard of care for MTC. Two available multikinase inhibitors (MKIs) cabozantinib and

vandetanib , which have received regulatory approval for advanced MTC, irrespective of the presence
or absence ofa RET mutation.

RET- Fusion Positive Thyroid Cancer (TC)

Patients with RET fusion -positive PTC or PDTC receive standard of care for their thyroid cancer

subtype. Standard treatment options for PTC, include surgery and radioactive iodine (Nguyen et al.
2015) ). PDTC is less responsive to radioactive iodine than PTC. Paediatric pat ients with PTC are also
treated with surgical resection and RAI therapy, although the specifics of RAI are somewhat different in

this population  (Paulson et al. 2019 ).

Two available multikinase inhibitors (MKIs), sorafenib and lenvatinib, which are appr oved for the
treatment of unresectable, iodine -refractory differentiated thyroid cancer, irrespective of the presence
or absence of a RET mutation.

About the product

Selper catinib Selpercatinib is a potent and highly selective inhibitor of the rearranged during
transfection (RET) receptor tyrosine kinase. Selpercatinib inhibited wild type RET and multiple mutated
RET isoforms as well as VEGFR1 and VEGFRS3.

The CHMP adopted a positive opinion for use of Retsevmo in the following indication S:
Retsevmo as mon otherapy is indicated for the treatment of adults with:

T advanced RET fusion -positive non -small cell lung cancer (NSCLC) who require systemic therapy
following prior treatment with immunotherapy and/or platinum -based chemotherapy

T advanced RET fusion -positive thyroid cancer who require systemic therapy following prior
treatment  with sorafenib and/or lenvatinib.
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Retsevmo as monotherapy is indicated for the treatment of adults and adolescents 12 years and older

with advanced RET-mutant medullary thyroid cancer (MTC) who require systemic therapy following

prior treatment with cabozantinib and/or vandetanib.

Retsevmo therapy should be initiated and supervised by physicians experienced in the use of
anti - cancer therapies.

RET testing

The presence of a RET gene fusion (NSCLC and non -medullary thyroid cancer) or mutation (MTC)
should be confirmed by a validated test prior to initiation of treatment with Retsevmo.

Posology

The recommended dose of Retsevmo based on body weight is:
- Lessthan 50 kg: 120 mg twice da ily.
- 50 kgorgreater: 160  mg twice daily.

If a patient vomits or misses a dose, the patient should be instructed to take the next dose at its
scheduled time; an additional dose should not be taken.

Treatment should be continued until disease progression or unacceptable toxicity.

The current selpercatinib dose should be reduced by 50% if co -administering with a strong CYP3A

inhibitor. If the CYP3A inhibitor is discontinued, the selpercatinib dose should be increased (after
3-5 half -lives of the inhibitor) to the dose that was used before starting the inhibitor.

Dose adjustments

Management of some adverse reactions may require dose interruption and/or dose reduction.
Retsevmo dose modifications are summarised in Error! Reference source not found. and

Table 1: Recommended Dose Reductions for Retsevmo for Adverse Reactions

I Adults and Adolescents Adults and Adolescents <50 Kg
Dosage Modification ,
O5 0Kg
Starting Dose 160 mg orally twice daily 120 mg orally twice daily
First Dose Reduction 120 mg orally twice daily 80 mg orally twice daily
Second Dose . . ) .
Reduction 80 mg orally twice daily 40 mg orally twice daily
Third Dose Reduction 40 mg orally twice daily Not applicable
Table 2: Recommended Dose Modifications for Adverse Reactions
Adverse Drug Dose modification
Reaction
Increased ALT or AST Grade 3 or 1  Suspend dose until toxicity resolves to baseline (see sections 4.4
Grade 4 and 4.8). Resume at a dose reduced by 2 levels.
 Ifafteratleast2  weeks selpercatinib is tolerated without recurrent
increased ALT or AST, increase dosing by 1 dose level.
1 If selpercati nib is tolerated without recurrence for at least 4 weeks,
increase to dose taken prior to the onset of Grade 3 or 4 increased
AST or ALT.
1 Permanently discontinue selpercatinib if Grade 3or4 ALT or AST
increases recur despite dose modifications.
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Hypersensitivity All Grades

at 40 mg twice daily while continuing steroid treatment. Discontinue
selpercatinib for recurre  nt hypersensitivity.

M Ifafteratleast7  days, selpercatinib is tolerated without recurrent
hypersensitivity, incrementally increase the selpercatinib dose by
1 dose level each week, until the dose taken prior to the onset of

has been tolerated for at least 7 days at the final dose.

T Suspend dose until toxicity resolves and begin corticosteroids at a
dose of 1 mg/kg (see sections 4.4 and 4.8). Resume selpercatinib

hypersensitivity is reached. T aper steroid dose after selpercatinib

QT Interval Grade 3
Prolongation

<470 ms or baseline (see section 4.4).
1 Resume selpercati nib treatment at the next lower dose level.

1  Suspend dose for QTcF intervals >500 ms until the QTcF returns to

Grade 4 T Permanently discontinue selpercatinib if QT prolongation remains
uncontrolled after two dose reductions or if the patient has signs or
symptoms of serious arrhythmia.

Hypertension Grade 3 1  Patient blood pressure should be controlled before starting
treatment.

1  Selpercatinib should be suspended temporarily for medically
significant hypertension until controlled with antihypertensive
therapy. Dosing should be resumed at the next lower dose if
clinically indicated (see sections 4.4 and 4.8).

Grade 4 1  Selpercatinib should be discontinued permanently if medically
significant hypertension cannot be controlled.

Haemorrhagic events Grade 3 or M Selpercatinib should be suspended until recovery to baseline.

Grade 4 1 Discontinue selpercatinib  for severe or life -threatening
haemorrhagic events.

Other adverse Grade 3 or 1  Selpercatinib should be suspended until recovery to baseline.
reactions Grade 4 1  Discontinue selpercatinib for severe or life -threatening events

Type of Application and aspects on development

The CHMP did not

agree to the applicantbés reques

not considered to be of major public health interest. This was based on the fact that:

- the unmet medical in part of the claimed indications was not establi shed due to the different

treatment alternatives available for these populations with proven benefit in terms of PFS/OS.

- whether selpercatinib was able to address any potential UMN could not been concluded.

The applicant requested consideration of its ap plication for a Conditional Marketing Authorisation in

accordance with Article 14  -a of the above -mentioned Regulation, based on the following criteria:

T The benefit -risk balance is positive.

1 It is likely that the applicant will be able to provide comprehens ive data. The applicant

recognises the importance of ensuring completion of the Phase 3 studies to confirm the benefit

risk observed in LIBRETTO

-001 and proposes to provide regular updates on the enrolment and

progress of the studies throughout the review process.

Planned Phase 3 Studies:

- Study J2G -MC-JZJB (LIBRETTO -531) is a global, multicentre, randomised (2:1), open

Phase 3 study comparing selpercatinib to physiciands

patients with progressive, advanced, kin ase inhibitor -naive, RET -mutant MTC. Approxim

400 patients will be enrolled to the study. Endpoints of primary consideration are treatment
failure -free survival (TFFS) and PFS. Secondary endpoints include ORR, DOR, OS and PFS2.

TFFS is the primary end

point and will serve as a gatekeeper to the evaluation of PFS. More

specifically, PFS is type | error -controlled and will be assessed independently of and after

assessment of TFFS, and only if TFFS achieves statistical significance. PFS will be the endpoin

used for regulatory decision making.

t for an

-label,

ately
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- Study J2G -MC-JZJC (LIBRETTO -431) is a global, multicentre, randomised (2:1) , open - label,
controlled Phase 3 study of selpercatinib compared to platinum -based and pemetrexed
therapy with or without pembrolizumab in patients with locally advanced or metastatic, RET -
fusion -positive non -squamous NSCLC. Approximately 250 participants  will be randomly
assigned to study intervention such that at least 140 PFS events will be observed. The
primary endpoint is PFS and secondary endpoints include ORR, DOR, OS, and PFS2.

q Unmet medical needs will be addressed, as the data available demonstrat e that selpercatinib
provides a significant therapeutic benefit to patients with RET alterations.

i The benefits to public health of the immediate availability outweigh the risks inherent in the
fact that additional data are still required. The benefits to p ublic health based on the ability of
selpercatinib to provide benefit in refractory patients, and a meaningful advance over available
first -line therapies, represents a major public health interest.

2.2. Quality aspects

2.2.1. Introduction

The finished product is presented as hard capsules containing 40 mg or 80 mg of selpercatinib as
active substance.

Other ingredients (capsule content) are: cellulose microcrystalline and silica colloidal anhydrous.

For the capsule shell, excipients are: g elatin, titanium dioxide (E171), iron oxide (E172) (40 mg only),
brilliant blue FCF (E133) (80 mg only).

For the capsules black ink, excipients are: shellac, ethanol (96 per cent), isopropyl alcohol, butanol,
propylene glycol, water purified, ammonia solut ion, concentrated, potassium hydroxide, iron oxide
black.

The product is available in a HDPE bottle containing 60 capsules or 120 capsules (80 mg only) as
described in section 6.5 of the SmPC.

2.2.2. Active Substance

General Information

The chemical name of selpe  rcatinib is 6 -(2-hydroxy -2-methylpropoxy) -4-(6-(6-((6 -methoxypyridin -3-
yl)methyl) -3,6 -diazabicyclo[3.1.1]heptan -3-ylpyridin -3-yl)pyrazolo[1,5 -a]pyridine -3-carbonitrile
corresponding to the molecular formula C29H31N7O3. It has a relative molecular mass of 525.61 g/mol

and the following structure:
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Figure 1. Active substance structure

The active substance is a slightly hygroscopic powder. Selpercatinib has a pH -dependent solubility
profile. Solub ility is highest in acidic media and decreases as pH increases. The active substance has a
non -chiral molecular structure.

The characterisation of the active substance and its impurities are in general in accordance with the EU

guideline on chemistry of n ew active substances and the ICH guidelines on impurities. The chemical

structure of selpercatinib active substance was elucidated by a combination of mass spectrometry

measurements, UV and infrared (IR) analysis, nuclear magnetic resonance (NMR) analysi s (including
chemical shift assignments and proton to carbon connectivity assignments), and elemental analysis.

The solid -state properties of the active substance were measured by X -ray powder diffraction (XRPD),
DSC, dynamic vapor sorption (DVS), and ther mogravimetric analysis (TGA).

Polymorphism has been observed for the selpercatinib active substance. The selpercatinib active
substance polymorphic form  was identified and found suitable to be used as the commercial active
substance. The control strategy  ensures the correct polymorphic form.

Selpercatinib is not the subject of a monograph in the Ph. Eur.
Manufacture, process controls and characterisation

Selpercatinib is manufactured from well -defined starting materials with acceptable specifications . The
proposed starting materials that are custom synthesised material and introduced in the penultimate

chemical step of the proposed synthetic route were initially not considered acceptable by CHMP. A

major objection was raised requesting redefinition of the initially proposed starting materials as
intermediates and defining the starting materials at an earlier point in the synthesis to ensure that

enough steps are conducted under GMP to appropriately mitigate risks associated with future changes

tothe star t i ng ma byetheficaouts 8s, unless sound justification was given to support that the

proposed control strategy is adequate. In response, the applicant provided additional information and
an in -depth discussion to confirm that the selection of the pr oposed starting materials in the proposed
synthesis for selpercatinib active substance meets the requirement s given in ICH Q11 and ICH Q11

Q&A. Specifications for both starting materials have been revised as requested. The description of the
analytical met hods used and summaries of the validation data have been provided.

A d etailed discussion regarding the specificity of the impurity determining methods for the starting
materials was submitted. An acceptable explanation , demonstrating the specificity issue noted in the
HPLC method for the impurities in one of the starting materials is not a cause for concern , was

provided. Adequate control of these impurities is ensured, in an indirect manner, in a downstream

step. Concerning the impu rities that show the same retention time, no discussion is provided in the
response. Nevertheless, the information provided for genesis and fate and the control strategy

overview for structurally related impurities was deemed sufficient to ensure an accept able control of
these impurities.

Taking into account that the critical steps (i.e. those that impact the active substance impurity profile)

are included in the selpercatinib manufacturing process, no impurity from two of the starting materials
persists t o the active substance and acceptable specifications are proposed for both materials were
considered acceptable starting materials. The applicant has confirmed that the starting material
suppliers use the same route of synthesis.
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Initially, CHMP raised co  ncerns about the control strategy for one of the proposed starting materials. In
response, the applicant addressed the concerns raised. The acceptance limit for an impurity in the
specifications has been tightened. The capability of the process to purge th is impurity, as confirmed in

the fate and purge studies, and the manufacturing batch history support the proposed acceptance

limit . A further test for another impurity has been added to the specifications. The limit proposed has

been properly justified . The description and a validation summary of the analytical methods used for

the control of the starting material have been submitted and found acceptable.

Information about the impurities with demonstrated specificity in the impurity determining GC method
is given. All structurally related impurities potentially present have been included. The suitability of the

specifications to control batches manufactured by the proposed processes has been adequately

justified. Analytical data for batches have bee n provided as requested.

Adequate in -process controls are applied during the synthesis. The specifications and control methods
for intermediate products, starting materials and reagents have been presented.

It was initially stated that no critical proces s parameters have been determined in the active substance
manufacturing process (i.e. all process parameters were categorized as non -critical process
parameters ), however the data presented were not sufficient to support this. In addition, proven

acceptabl e ranges (PARs) for many of these process parameters were proposed in each step but

initially they were not adequately justified. In response to questions raised by CHMP additional data

was submitted by the applicant to support the proposed PARs. In additi on, the applicant has clarified

that any movement within a PAR range will occur only when other parameters are held at their target
values , consistent with the definitions provided in ICH Q8 guideline on Pharmaceutical Development

and EMA/CHMP/CVMP/QWP/354 895/2017. Considering the studies performed and the clarifications

provided, the proposed PARs were considered acceptable. The optimized parametric target value/set -
point were defined in the manufacturing process for each step.

The commercial manufacturin g process for the active substance was developed in parallel with the
clinical development program me . Changes introduced have been presented in sufficient detail. Data
demonstrating the absence of changes in the polymorphic form  of selpercatinib manufactur  ed by
earlier process es and commercial process were provided

The active substance is packaged in LDPE which complies with the European Regulation 10/2011/EC,

as amended and with Ph. Eur. Section 3.1.3, Polyolefins. Two container closure systems are propos ed
for the active substance. A third one is used in the stability study (LDPE liner (inner primary liner) and

cable tied. This first liner was then placed into a second LDPE liner and the second liner was cable tied.

This double LDPE package was then place d inside a mini -HDPE drum with a plastic closure). Data
demonstrating equivalence of the 3 container closure systems from an active substance stability point

of view were provided and found acceptable.

Specification

The active substance specification incl udes tests for identity (IR), crystal form (XRPD), assay (HPLC),
impurities (HPLC), residual solvents (HSGC), description (visual), water content (KF/Ph. Eur.), particle
size (LLS) and residue on ignition (Ph. Eur.).

Considering the recommendations given i n the ICH Q6A and the properties of the active substance, the
tests included in the active substance specifications are adequate. Impurities present at higher than
the qualification threshold according to ICH Q3A were qualified by toxicological and clinical studies and

appropriate specifications have been set.
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The absence of control of parameters such as elemental impurities and microbiological control has
been adequately justified.

The analytical methods used have been adequately described and (non -compendial methods)
appropriately validated in accordance with the ICH guidelines. Satisfactory information regarding the
reference standards used for assay and impurities testing has been presented.

Batch analysis data of the active sub stance are provided for 4 pilot scale batches for one manufacturer
and 2 pilot scale batches and 1 production scale batch for the other manufacturer. The results are
within the specifications and consistent from batch to batch.

Stability

Stability data fro m three batches of active substance stored in a container closure system

representative of that intended for the market for up to 12 months under long term conditions (25°C /

60% RH) and for up to six months under accelerated conditions (40°C / 75% RH) acc ording to the ICH
guidelines were provided.

The active substance was packed in low -density polyethylene (LDPE) primary contact liners and placed
into small high -density polyethylene (HDPE) drums to mimic bulk active substance storage at the time

of manufa cture. These batches were manufactured by a process representative of the commercial
manufacturing process. In addition, additional supportive stability data were provided.

Photostability testing results were provided. These data support the stability of the active substance to
light. Samples of selpercatinib active substance were subjected to stress testing at conditions of heat

and humidity in alignment with ICH Q1A. No significant degradation was observed for solid samples

stressed at 70°C/20% RH and 7 0°C/75% RH for up to 21 days. These results conclude that

selpercatinib active substance would be chemically stable when stored at ambient temperature and

humidity.

The applicant commits to place on stability three production batches of selpercatinib active substance
manufactured at commercial scale. The proposed post -approval stability protocol is considered
acceptable.

The stability results indicate that the active substance manufactured by the proposed suppliers is
sufficiently stable.  The stability results justify the proposed retest period of 24 months in the proposed
container.

2.2.3. Finished Medicinal Product

Description of the product and Pharmaceutical Development

The finished product contains 40 mg or 80 mg active substance (selpercat inib) and excipients in hard
gelatin capsules.

The 40 mg is a size 2 (6 x 18 mm) gray opaque capsule with I
The 80 mg product is a size 0 (8 x 22 mm) blue opaque capsul
scrip t.

Both capsules are produced from the same blend formulation. All excipients are well known

pharmaceutical ingredients and their quality is compliant with Ph. Eur . standards with the exception of
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excipients iron oxide black and Brilliant Blue FCF that complies with Commission Regulation (EU) No
231/2012. There are no novel excipients used in the finished product formulation. The list of excipients

is included in section 6.1 of the SmPC and in paragraph 2. 2.1 of thisreport.  The compatibility of the
active substance with the excipients has been adequately demonstrated.

The development of  the finished product has been adequately described. Discussion about properties
of active substance and excipients has been given. No incompatibilities have been id entified. The
influence of particle size and polymorphism of used active substances is discussed.

The development of the formulation composition is described. Bridging among the clinical and

commercial presentations is explained. The clinical 40/80 mg for mulation is identical to the commercial
40/80 mg formulation, with the exception of the printing on the commercial capsule. For bridging of
clinical/commercial 40 mg and 80 mg formulations, based on the formulation similarity, a request of a

waiver of in v ivo bioequivalence demonstration for the 40 mg formulation was submitted. For the

bridging of 40 mg and 20 mg clinical formulations, it was explained that the 40 mg clinical formulation

uses the same blend as the 20 mg clinical formulation. The only differ ence between the two
formulations is the capsule shell. Comparison of dissolution of 40 mg and 20 mg strength capsules (2

per vessel) were provided only for JP17 1st fluid (defined in the Japanese Pharmacopeia as pH 1.2 HCI

with 0.2% NaCl) and pH 4.5 aceta te buffer. Similarity of dissolution profile of 40 mg and 20 mg

strength capsules (2 per vessel) was requested to be demonstrated at pH 6.8 and not only for JP17 1st

fluid (defined in the Japanese Pharmacopeia as pH 1.2 HCI with 0.2% NacCl ) and pH 4.5 acet ate buffer
(see GL GUIDELINE ON THE INVESTIGATION OF BIOEQUIVALENCE CPMP/EWP/QWP/1401/98 Rev. 1/
Corr **). The applicant further justified the absence of investigation of the similarity of dissolution

profile of 40 mg and 20 mg strength capsules (2 per ves sel) at pH 6.8. Bridging of 20 mg capsules to
those used in earlier clinical studies was done using PK data (see PK assessment).
The manufacturing process development was sufficiently well documented. Some Quality -by - Design

concepts and tools were used in the pharmaceutical development. CQAs are defined for the finished

product and a Failure Mode Effect & Criticality Analysis (FMECA) is performed as a risk assessment for
manufacturing process development. The FMECA summary presented is not fully in line wit h ICH Q9
(e.q., risk level of each parameter is not described in terms of severity, probability and detectability).

However, since no regulatory flexibility or design spaces are claimed, it was considered acceptable

detail.

A dissolution method has been d eveloped for quality control (QC) during release and stability testing of
the finished product. An aqueous medium is used and the pH has been evaluated in the physiological
range (1 -7.5). Apparatus 2 (paddles) at 75 rpm are selected for the dissolution met hod. Since paddle
apparatus is used in the dissolution method, the stirring speed higher than 50 rpm (75 rpm) was

requested to be justified. The rationale presented by the applicant supports that a paddle speed of 50

rpm provides equivalent dissolution beh aviour to that of 75 rpm. Discriminatory power has been
studied on batches with meaningful changes compared to the applied finished product (quantitative
formulation and slightly modified process parameters). However, since the finished product contains an
active substance which shows very rapid dissolution, it is not possible to detect any differences in the
dissolution behaviour after meaningful changes. Hence the finished product specification limit for
dissolution is set as per Ph. Eur. 2.9.3.

The prima ry packaging is a HDPE bottle. The material complies with Commission Regulation (EU) No
10/2011/EC and Ph. Eur. 3.1.3 Polyolefin.
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Manufacture of the product and process controls

The manufacturing process consists of six main steps: screening, blending, mi lling, blending,
encapsulation and packaging. The process is considered to be a standard manufacturing process.

The in -process controls are adequate for this type of manufacturing process / pharmaceutical form.
Results of process evaluation performed on a total of six batches: three for 40 mg strength and three
80 mg strength was provided. It has been demonstrated that the manufacturing process is capable of
producing the finished product of intended quality in a reproducible manner.

Good Manufacturing Pr  actice (GMP) process validation has been conducted for the 40 mg and 80 mg
strength selpercatinib capsules at the commercial manufacturing site at commercial scale. A total of

four batches are presented: one for 40 mg strength and three 80 mg strength. Pro cess validation for
the 40 mg strength is being performed concurrently while the 80 mg was validated prospectively.

Product specification

The finished product release specifications include appropriate tests for this kind of dosage form: identity
(HPLC-PDA), assay (HPLC), degradation products (HPLC), description (visual), uniformity of dosage units
(Ph. Eur. / HPLC), dissolution (Ph. Eur. / HPLC), dye identity (titanium & iron test), Brilliant Blue FCF
(UC) and microbiological testing (Ph. Eur.).

The finis hed product is released on the market based on the release specifications, through traditional
final product release testing. The specifications comply with the general requirements of ICH Q6A
guideline and the Ph. Eur.

The absence of atest for  polymorphic form in the finished product specification was justified based on
development and PK data.

The analytical methods used have been adequately described and appropriately validated in
accordance with the ICH guidelines. Satisfactory information re garding the reference standards used
for assay and impurities testing has been presented.

As part of the elemental impurities evaluation per ICH Q3D guidance, characteri sation testing on
primary stability finished product batches manufactured was performed using inductively -coupled
plasma with mass spectrometry (ICP -MS). The data showed no Class 1 and Class 2A elemental
impurities were present at any significant level and were w ell below (<30%) the ICH Q3D Option 2a
limits. These data support that routine testing and specifications for Class 1 and Class 2A elemental
impurities are not required for the finished product.

Batch analysis results are provided for three pilot scale ba tches of each strength confirming the
consistency of the manufacturing process and its ability to manufacture to the intended product
specification. Batch analysis results are also provided for batches used in clinical trials.

The applicant was requestedt o provide a risk evaluation concerning the presence of nitrosamine

i mpurities in the product and applying the principles

out |

nitrosamines for marketing authorisation holders (EMA/ 1896 3:

concerning the presence of nitrosamine impurities in the finished product has been submitted. The

identified root causes for presence of nitrosamines, listed in the Q&A on Information on nitrosamines

for marketing authorisation holders (EMA/CHMP/409815/2020 ) have been considered. The information
provided is deemed acceptable and confirms that there is no risk that nitrosamine impurities are

present or can be formed.
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Stability

Stability studies are currently being conducted on three batches of finished pa ckaged in high density
polyethylene (HDPE) bottles. These batches were manufactured by a process representative of the

commercial process. Stability data for three batches of the 40 mg strength and three batches of the 80

mg strength are available up to 12 months for the long  -term conditions of 30°C/65%RH and

25°C/60% RH and up to 6 months at accelerated storage

Supportive stability studies are also currently being conducted on batches of 20 mg and 80 mg
selpercatinib capsules of the same formulation. A co mmon blend is used for the 20 mg and 80 mg
strengths. Up to 24 months of stability data are currently available for these batches and six months

for all batches at the accelerated storage condition. Photostability testing has been performed on a
single ba tch of each strength.

The results show no significant changes or trends on stability are observed.

In -use stability data were provided. According to EMA Q&A Part 2, storage without the protection of

the immediate container is considered as a worst -case sc enario and can in some instances be used to
assess the need for anin  -use shelf life. Since no relevant change is observed after 3 months of open

dish storage, noin  -use shelf life is necessary.

Based on available stability data, the proposed shelf -life of 2 years without special storage conditions
as stated in the SmPC (section 6.3) are acceptable.

Post approval change management protocol(s)

Not applicable.

Adventitious agents

Gelatine obtained from bovine sources is used in the product. Valid TSE CEP fro m the suppliers of the
gelatine used in the manufacture were provided.

GMO

Not applicable.

2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Information on development, manufacture and control of the active substance and finished product has
been presented in a satisfactory manner.

An initial major objection raised on the choice of starting materials was resolved by the applicant

providing further justification and supporting data in line with ICH Q11. An initial major objection
related to NORs /PARs and flexibility of active substance manufacturing process was resolved by

defining set points for all relevant process parameters in the dossier.

The applicant addressed the potential risk of nitrosamine impurity formation in the active substance
and finished product and it is confirmed that there is no risk that nitrosamine impurities are present or
can be formed.
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The results of tests carried out indicate consistency and uniformity of important product quality
characteristics, and these in turn lea d to the conclusion that the product should have a satisfactory and
uniform performance in clinical use.

2.2.5. Conclusions on the chemical, pharmaceutical and biological aspects

The quality of this product is considered to be acceptable when used in accordance with the conditions
defined in the SmPC. Physicochemical and biological aspects relevant to the uniform clinical
performance of the product have been investigated and are controlled in a satisfactory way.

2.2.6. Recommendations for future quality development

Not applicable.

2.3. Non -clinical aspects

2.3.1. Introduction

All pivotal non -clinical safety studies were conducted in compliance with the Principles of Good
Laboratory Practices (GLP), except the reproductive and developmental toxicity study: effect on
embryo -foetal development (LOXO -292-TOX-009) .

2.3.2.  Pharmacology

Selpercatinib (LOXO -292)is an ATP -competitive small molecule inhibitor of the RET receptor tyrosine

kinase. Several human malignancies have been identified with aberrant RET kinase activity. In thi s
regard, it has been described as a potent oncogene, taking part in initiation and progression in multiple

carcinomas and disorders, such as RET -mutant medullary thyroid cancer and RET fusion -positive non -
small cell lung cancer. Selpercatinib has been pro posed to inhibit both wild -type RET kinase and RET
activating mutations (A883F, M918T, V804L and V804M).

Primary pharmacodynamic studies

In vitro

In vitro selpercatinib inhibited wild -type RET and multiple mutated RET isoforms as well as VEGFR1 and
VEGFR3 with IC50 values ranging from 0.92 nM to 67.8 nM. ( LOXO-292 -PHARM-003, LOXO -292 -
PHARM-021; LOXO -292 -PHARM-027).
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Table 3. Inhibition of Wild

Concentration measured by HTRF KinEASE assay

-Type RET Kinase and RET Kinase Mutants by Selpercatinib at 1 mM ATP

Study number

LOX0-292-PHARM-003: The kinase reaction was initiated when LOXO0-
292 was added to the reaction

Kinase Enzyme | ATP IC50 (nM) n Fold vs.RET™*

WT RET 1mM 17.3 6.7 48 1

RET WB04L imM 30.5 + 4.2 30 1.8

RET V804M 1mM 36.7 £ 17.9 49 2.1

RET ABB3F 1mM 67.6 £ 32.2 21 3.9

RET M918T 1mM 2B.7 £ 5.5 30 1.7

RET 58914 imM 32.9 £ 10.3 21 1.9

Study number | LOX0-292-PHARM-021 : LOX0-292 was incubated with the enzyme for
10 minutes at room temperature prior to the addition of ATP

Kinase Enzyme | ATP IC50 (nM) n Fold vs,RET*

RET 1mM 2.79 £ 0.74 8 1

RET A764T 1mM 1.81 £ 0.42 8 0.6

RET L790F 1mM 0.92 + 0.09 8 0.3

RET V804M imM 6.40 £ 0.75 8 2.3

RET M918T 1mM 1.50 + 0.41 8 0.5

RET A(B98-901) | 1mM 0.97 £ 0.12 8 0.3

Study number | LOX0-292-PHARM-027 : LOX0-292 was incubated with the enzyme for
10 minutes at room temperature prior to the addition of ATP

Kinase Enzyme | ATP IC50 (nM) n Fold vs.RET*

RET G8105 1mM 294,88 + 58.13 8 105.7%*

Selpercatinib maintained significant activity against diverse RET mutations, including germline MTC
A883F, M918T, S891A) and acquired resistance mutations to vandetanib and

activating mutations (
cabozantinib (V804L, V804M).

020; LOXO -292 -PHARM-028).

Table 4. Activity of LOXO

-292 on WT and muted RE

T and other kinases (LOXO

I1C50(nM) Meant5SD (n)

Enzyme ATP Selpercatinib Vadetanib cabozantinib

wt RET KM 0.4£0.1(24) 8.3+2.3(8) 6.8+1.1 (7)
Wt RET 1mM 17.3+£6.7(48) 40.9+30.8(18) | 149.1+52.2(16)
V804M RET | 1mM 36.7+17.9(49) | =0652.9+0(18) | 2630.1+978.2(15)
VE804L RET 1mM 30.5+4.2(30)
GS10R RET | 1mM 6580+273.7(23) | >10000+0 (17) | 1559.9+708.7(15)
M918T RET 1mM 28.7+5.5(30) MND ND
ABB3F RET 1mM 67.6+32.2(21) MD ND
SBO1A RET 1mM 32.9+10.3(21) MD ND
Aurora A No ATP | 782+112.3(29) | >1000020 (8) | 1328.2+264.4(5)
Aurora B No ATP | 78.8+13.7(30) | =9635.0+(6) 190.0+36.8(5)
FGFR1 Km 65.4 £9.8(14) | 264.4+96.2(6) | =5139.920 (5)
FGFR2 Km 26.7+4.4(14) 84.5+45.6(5) =4530.0+0(5)
FGFR3 Km 53.8+14.2(14) | 103.9+36.9(6) | =4669.0+0(5)
FLT1 1mM 27.7+11.7(35) | 39.8+£20.4{21) | 77.3249.4{25)
FLT4 1mmMm 11.9+4.3(22) MD ND

-292 -PHARM -003)

In addition, selpercatinib had no significant antiproliferative effects in human cancer cell lines that do

not express constitutively activated RET. Selpercatinib maintained significant selectivity for RET against

non -kinase targets when tested in additional binding and cell

(LOXO-292 -PHARM-003, LOXO -292 -PHARM-012, LOXO -292 -PHARM-

-based assays. (  LOXO-292 -PHARM-016)
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Figure 2. Selpercatinib selectively inhibits the proliferation of RET -altered cells (LOXO -292 -PHARM -016)
In vivo
In mice implanted subcutaneously with NIH -3T3 cells engineered to express a constitutively active
KIF5B -RET fusion protein, single oral doses of selper catinib suppressed RET phosphorylation in tumour s
at single doses of 10 mg/kg and 30 mg/kg showed near complete inhibition of RET kinase activity ( LOXO-
292 -PHARM-008) . Selpercatinib administered 14 days caused dose -dependent inhibition of tumour
growth of KIF5B -RET 3T3 tumours with 62%, 88%, 93% tumour regression when dosed at 10 mg/kg
BID, 15 mg/kg BID and 30 mg/kg BID, respectively ( LOX0O-292 -PHARM-006) . Twice -daily oral dosing of
selpercatinib caused inhibition of tumour growth in multiple RET -dependent t umour models including
those harbouring a V804M gatekeeper mutation (KIF5B -RET-V804M NIH -3T3 and CR2545 CCDC6 -RET-
V804M ) with 16%, 50% and 70% tumour regression when dosed at 10 mg/kg BID, 30 kg/kg BID and
100 mg/kg BID, respectively. The 100 mg/kg BID do sing schedule was not well tolerated as
demonstrated by a mean body weight loss of 13.2% ( LOXO-292 -PHARM-007) .
Selpercatinib also inhibited the growth of two different RET -dependent human cancer cell line mouse

xenograft tumour models (TT human MTC cells  harbouring an endogenous RET C634W substitution

with 20% and 37% at 10 mg/kg BID and 30 mg/kg BID respectively and with 3% and 16 % in LC -
2/ad human non -small cell lung cancer cells expressing a CCDC6 -RET fusion ( LOXO-292 -PHARM-
004(GLP)) .

In Females BALB /c Nude mice implanted with CR2518 patient derived colorectal carcinoma xenograft

(PDX) with a CCDC6 -RET fusion protein with or without a V804M gatekeeper mutation, selpercatinib
showed dose dependent inhibition of tumo ur growth with 108% and 113% tumo ur growth inhibition at
doses of 10 mg/kg BID and 30 mg/kg BID, respectively (LOXO -292 - PHARM-001(GLP)). In Female mice
Athymic Nude -Foxnlimplanted with tumo ur model from CTG -0838derived from Patient PDX with NSCLC
that expresses a KIF5B  -RET fusion protein  orally (3 or 30mg/kg), selpercatinib caused dose -dependent
inhibition of tumour growth with 82% and 106% tumour growth inhibition at day 25 for the 3 mg/kg BID

and 30 mg/kg BID groups, respectively ( LOX0O-292 -PHARM-017(GLP)) .

Selpercatinib at  orally 30 mg /kg BID inhibited the tumour growth of a RET fusion -positive PDX model
implanted directly into the brain and demonstrated a significantly prolonged survival and was well
tolerated throughout the 84 days of dosing ( LOXO-292 -PHARM-013) .
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Secondary pharmacodyn amic studies

Selpercatinib was more selective for RET over 98% of 329 non -RET kinases including VEGFR2  (Eurofins
KinaseProfiler) tested in a large in vitro kinase activity screen. Among the remaining 2% of kinases,
Selpercatinib inhibited the kinase activi ties of RET, FLT1 (VEGFR1), and FLT4 (VEGFRS3), in similarly

executed assays containing 1 mM ATP, with IC50 values of 17.3 nM, 27.7 nM and 11.9 nM, respectively
(LOXO-292 -pharm -003) .

However, in more physiologically relevant cell -based assays, selpercatini b inhibited FLT4 with an IC50
value of 33 nM, which is ~8 -10 fold higher than the IC50 value for RET in cells (3.3 nM - 4 nM). ( LOXO-
292 -pharm -009)

o

A significant inhibition (0 50%) was observed for two targets: the 5 -HT (serotonin) transporter (70.2%
inhibition of antagonist radioligand) and a2c(h) (51.7% inhibition of antagonist radioligand). There was
no other significant inhibitory activity in any of the other assays. (LOXO-292 -PHARM-002)

Safety pharmacology programme

For CNS and CV, safety pharmacology was investigated in the context of repeated -dose toxicity studies
in rat and minipig with individual safety pharmacology endpoints, with additional dedicated safety
pharmacolo gy studies for CV. Respiratory function was investigated in a dedicated study.

Cardiac function

The cardiac safety of selpercatinib was evaluated in several in vitro assays, including in vitro assays for

hERG activity, safety pharmacology studies using c onscious telemetry -instrumented in only males
minipigs given selpercatinib orally, and by monitoring ECGs in repeated -dose oral toxicity studies 28 and
91 days in duration in males and females minipigs.

In Vitro

Sel percatinib had an | €CtbeOGLRHERG assay Wwhicllis appraxiMately 7 -fold higher
than the maximum unbound concentration (geometric mean Cmax (unbound) = 153 nM) at the clinical

dose of 160 mg BID (LOXO  -292 -SPHARM-003). In ion channel  -blocking assays, selpercatinib only block
hERG with a minimal to no effects on other cardiac channels (LOXO -292 - SPHARM-001).

In vivo

The dose of 12 mg/kg was selected for the safety pharmacology cardiovascular study based on results
from the 14 -day minipig study in which the 25 mg/kg dose was not to lerated.

No abnormal ECG waveforms, arrhythmias or quantitative effects on ECG and hemodynamic data

occurred after single doses up to 12 mg/kg when given orally to conscious telemetry -instrumented
males minipigs. At this dose, the Cmax corresponded to 909 ng/mL after a single dose which is
approximately 0.3 times the human geometric mean maximum concentration (Cmax = 2980 ng/mL) at

the clinical dose of 160 mg BID. (LOXO -292 - SPHARM-002)

In the 28 -day males and females minipigs repeated -dose toxicity study,  there were no ECG changes at
doses up to 12 mg/kg which corresponded to a Cmax of 1120 ng/mL on Day 22. ( LOX0-292 -TOX-002)

In the 91 -day males and females minipigs repeated -dose toxicity study, females given 5 mg/kg/day

were noted with a slight significant increase in QTc prolongation on Day 88 of the dosing phase. This
prolongation was approximately 12% and 7 % relative to controls and pre -dose values, respectively.
The dose of 5 mg/kg/day corresponded to a mean Cmax of 565 ng/mL for females on Day 91 which is
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approximately 0.2 times the human geometric mean maximum concentration (Cmax = 2980 ng/mL) at

the clinical dose of 160 mg BID. (LOXO-292 -TOX-012)

CNS

The Effects of selpercatinib on the CNS were not evaluated in a dedicated safety pharmacol ogy study
but as part of the GLP 28 -day repeated -dose oral toxicity study in SD rats (LOXO -292 -TOX-001).

Functional observational battery and locomotor activity were conducted during predose, dosing and
recovery phase.

On day 23 of dosing -decrease in the incidence of low locomotor activity in arena in the high -dose, a
decreased Mean forelimb grip strength in males given 75/45 mg/kg/day that was reversible after the

recovery period and decrease in number of basic movements and X + Y ambulation in high -dose males
on day 23.The doses were established as the severely toxic doses in 10% of animals (STD10) in the

GLP 28 -day repeated -dose study.

Respiratory function

Effects on respiratory function (tidal volume, respiration rate, and minute volume) were also
investigated in a stand  -alone GLP respiratory function study using the head -out plethysmography in
male SD rats. ( LOXO-292 - SPHARM-004)

The single oral gavage dose of up to 45 mg/kg to male Crl:CD(SD) rats caused no general clinical
observations or effects  on respiratory function up to 24 hours post dose. The dose of 45 mg/kg of
selpercatinib is considered to be the NOEL with respect to respiratory function in the rat.

Pharmacodynamic drug interactions

No pharmacodynamic drug interactions study was submitt ed.

2.3.3.  Pharmacokinetics

The pharmacokinetics and metabolism of selpercatinib have been examined through a series of in vitro
and in vivo studies, including toxicokinetic studies. Selpercatinib has been given orally and

intravenously to mice, rats, dogs, and m inipigs. Oral pharmacokinetics have also been determined in
the rabbit and monkey.

In vitro, selpercatinib has a high protein binding in human plasma (97%), in mouse (98%) and in rat
(97%), with a lower bound in dogs (90%) and minipigs (88%).

Absorption

Selpercatinib has a good exposure after oral administration in the mouse, rat, rabbit, dog, monkey,
and minipig, and thus demonstrates at least moderate intestinal absorption.

In rats, there was no difference in bioavailability between solution and suspens ion formulations.

Data on the multiple  -dose pharmacokinetic properties of selpercatinib were also obtained from the

repeat -dose toxicity studies in the rat (4 -,14 -,28 -, and 91 -day) and minipig (14 -, 28 -, and 91 -day)
GLP studies. Sex differences in exposu re in rodents was shown in rats studies with generally a greater
exposure in males but with no difference between repeated doses and single dose across all studies.
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Exposure, as assessed by mean Cmax and AUCO -24 values, increased with the increase in dose level in
all three minipig studies. A small degree of accumulation (approximately 1.5 -fold) was noted between
the first and last day of dosing.

A pH -dependent solubility of selpercatinib where seen in dogs with a greater exposure when stomach
pH was acidified with pentagastrin in comparison with a neutralized stomach pH.

Distribution

Selpercatinib distributes into tissues with a volume of distribution ranging from 1.62 to 5.36 L/kg in the
mouse, rat, dog, and minipig.

Selpercatinib distribute into a large number of tissues with a predominant in meninges and tissues
containing ocular melanin and integumentary melanin with at last sampling time of 672 hours

postdose, persisted radioactivity in ocular or pigmented tissues (uveal tract, vitreous humor, ey es,
pigmented skin and meninges).

Followinga 3 -, 100 -, or 300 -mg/kg oral dose of selpercatinib to male CD -1 mice, the brain/plasma
ratio of selpercatinib was approximately 0.03, 0.05, and 0.07, respectively. These data suggest limited

penetration of selpe  rcatinib into the CNS in mice, however pharmacodynamics studies suggest anti -
tumour activity of selpercatinib in the brain of mice.

In mouse, rat, and human blood, the blood -to - plasma ratios were less than one, suggesting that a
greater portion of the comp ound resides in the plasma compartment than in blood cells, whereas the
blood -to - plasma ratio of selpercatinib in beagle dog was approximately one, suggesting that a similar
portion of the compound resides in the blood and plasma compartments.

Metabolism

Selpercatinib was stable during incubation with human whole blood, but metabolized by microsomal
fractions and hepatocytes from mice, rats, dogs, minipigs, and humans.

The predicted Selpercatinib human clearance of 13 and 5 mL/min/kg, based on hepatic micro somes
and hepatocytes, corresponds to 64% and 25% of liver blood flow, respectively.

Based on semi -quantitative mass spectrometer ion current, unchanged selpercatinib was the major
component in plasma of rats, minipigs and human cancer patients.

Six metabolites were identified in human plasma: two oxidized metabolites (M2 and M5), an O -
desmethyl metabolite (M3), an N -dealkylated metabolite (M4), a secondary di -oxidized metabolite
(M7), and an O -dealkylated glucuronide conjugate (M6). M2 was determined to be an N -oxide of
selpercatinib at the N -6 nitrogen of the piperazine moiety, and structure confirmed by lack of

hydrogen -deuterium exchange, reduction by TiCI3, and co -elution with a synthetic selpercatinib N6 -
oxide standard.

A human study with [14C] -selpercatinib showed that none of the metabolites of selpercatinib
accounted for more than 10% of total drug -related material in plasma.
Excretion

In minipigs given an IV dose of selpercatinib, urine collected through 48 hours after dosing contained
2.63% of the administered dose.

Pharmacokinetic drug interactions

Selpercatinib was incubated with cloned, expressed human CYP450 enzymes CYP1A2, CYP2CS,
CYP2C9, CYP2C19, CYP2D6, and CYP3A4 Only CYP3A4 was able to metabolize Selpercatinib. These
data indicated that CYP3A4 is responsible for the metabolism of Selpercatinib (LOXO -292 -DMPK-017).
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Selpercatinib showed some induction of CYP2B6 and CYP3A4 at higher concentrations (LOXO -292 -
DMPK-018)

Sel percatinib showed weak inhibition onfe-dep¥neehtCrihibition
CYP3A4 (LOXO-292 -DMPK-010) .

@50 of 3.

In vitro, Selpercatinib inhibits the transpo292-OMPKVIIS).E 1

No other drug transporters were inhibited significantly at a clinically relevant unbound plasma geometric
mean Cmax of 153 nM.

Table 5: Inhibition of Drug Transporters by Selpercatinib

Transporter ICs0 (uM) (unhounl?l (1:'1::,;, pAI) Imaxo/ICs0
P-gp (quinidine substrate) 54 0.153 0.03
P-gp (digoxin substrate, MDCK assay) ® 10.7 0.153 0.01
P-gp (digoxin substrate. vesicle assay) ® 450 0.153 < 0.01
BCRP (MDCK cell assay) © 5.10 0.153 0.03
BCRP (vesicle assay) © 22.3 0.153 <0.01
OATPIB1* 18.0 0.153 <0.01
OATP1B3* 8.32 0.153 0.02
BSEP* =30 0.153 <0.01
OATI1® =30 0.153 <0.01
QAT3¢ =30 0.153 <0.01
OCT1° =30 0.153 <0.01
OCT2¢ 12.9 0.153 0.01
MATEL*® 0.666 0.153 0.23
MATE2K* 3.42 0.153 0.04

#  LOXO0-292-DMPK-020
®  LOXO0-292-DMPK-055
¢ LOXO0-292-DMPK-035

2.3.4. Toxicology

Selpercatinib showed toxicity in both rats and minipigs with large target organs and tissues. Finding

were inthe haemto poietic system, lymphoid system, gastrointestinal system (tongue in rat only),
pancreas, skeletal system (epiphyseal growth plate of femur/sternum) and reproductive system. The

toxic effects noted with selpercatinib share similarities to toxicities described in the literature for multi

kinase inhibitors with anti -RET activ ity.

Selpercatinib did not demonstrate phototoxic potential in the in vitro neutral red uptake assay in
BALB/c 3T3 mouse fibroblasts.

Single dose toxicity

Acute toxicity data were obtained from two in vivo micronucleus assays in rats.

Afirst single dose effect was examined in SD male and female rats with oral single dose of Selpercatinib

250, 500, 1000 and 2000 mg/kg. A second single dose effect examined in SD male rats given a single

oral dose of 37.5, 75, 150, 300 or 500 mg/kg of s elpercatinib. Tox icity parameters measured were clinical
signs and body weightsNo mortality occurred at any dose level Piloerection and body weight loss were

o

observed in rats given with selpercatinib at U 150 mg/Kg.
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Repeat dose toxicity

In rat
Study ID GLP Species Majors findings
Test system
4-day with TK Rat Sprague Thinness, hunched posture and erected fur in females at 300 mg/kg/day only from
Non i pivotal Dawley Males and ~ Day 4 through recovery (Day 9).
study females 4/group

LOXO-RET-TOX-
006
Non GLP

Batch

Isex
Oral Gavage

Males: 10, 30,
and
100mg/kg/day

Females: 30, 100
and
300mg/kg/day

Duration: 4 days

Males at 100 mg/kg/day (61 % less than controls) had decreased body weight
gain from Day 4 through 7. Females at 300 mg/kg/day had body weigh
Days4to 7.

t loss from

Decrease in females given 300 mg/kg/day from Days 2 to 8 (78%, less than
controls on Day 4). Decrease in males given 100 mg/kg/day between Days 2 to 6
(range of 9 to 25% less than controls).

14 -days with TK

Non pivotal study

LOXO-RET-TOX-
007

Non GLP

Batch

Rat Sprague
Dawley Males and
Females 5/group
/sex

Oral Gavage

Males: 10, 30 and
100mg/kg/day

Females: 20, 60
and 180

Duration: 14 days

Clinical Observations
100 mg/kg/day

: Thinness, ungroomed fur, and piloerections in males at

Decrease in bodyweight gain in males at 100 mg/kg/day up to Day 11 (67 % less
than controls on Day 11). Bodyweight loss from Days 11 -14 in males given 100
mg/kg/day.

At 010 mg/&md d@x¥0 mg/ kg/ day in
dependent mild to moderate Cin reticulocytes.

At 100 mg/kg/day and in one male at 30 mg/kg/day minimal

mass indices (h  aemoglobin, red blood cell count and haematocrit).
At 10 mg /kg/day in males anon  -dose dependent minimal to mild
and monocytes.
At 100
At 010
minimal to mild

mal es and f e
g in red blood cell
g in neutrophils

mal es
mal es

and 060 Qnignipkogytesl a y

kg/ day in
k and i n one-dépendentl e

mg /
mg/ kg/ day in
C in platelets

Clinical Chemistry (Day 15):

At O 30 mg/ kg/ daintriglycerides, hlanise aminotransferase,
aspartate aminotransferase, and phosphorus and Cin albumin. at 100 mg/kg/day
Minimal g in cholesterol and total bilirubin in males.

At O 60 mg/ kg/ day Minalkalnaphosphatasenand ghosphorus and
Cin albumin in females. Increase in cholesterol, triglycerides, alanine

aminotransferase and aspartate aminotransferase in females at 180 mg/kg/day.

Organ weights: Cin thymus and liver (absolute and relative) in males at 100

mg/kg/day.

Microscopic  findings at O 30 mg/ kg/ day for males and
females : Mild to severe physeal dysplasia in femur and/or sternum.

At 100 and O 60 mg/kg/day of males and f ema
bone marrow. Erythroid and myeloid lineage aff ected.

The incidence and severity of physeal dysplasia, bone marrow hypocellularity and

gastric mineral isation wer e consi dered adverse at O 30

O 60 mg/kg/day (females).

(NOAEL) was considered to be 10 mg/kg/day for males (on Day 1 4, Cmax: 2720
ng/mL and AUC(0 -t): 32400 hr*ng/mL) and 20 mg/kg/day for females (on Day

14, Cmax: 4870 ng/mL and AUC(0 -1): 12200 hr*ng/mL).

28 -days with TK
Pivotal study
LOX0O-292 -TOX-
001

GLP

Rat Sprague
Dawley Males and
Females 15

/group /sex

Oral Gavage once
daily

Males: 0, 5, 20 or
75/45mg/kg/day

Females: 0, 15,
50, or 150/120

Based on dose, males were more sensitive than females but Clinical signs at the

high dose in both sexes were adverse. Males had lower body weight and high dose
animals had lower body weight gain; food consumption was C in both sexes. During
the recovery ph ase, malocclusion contributed to body weight loss, and powdered

meal was fed to high dose animals from Day 9 of recovery. Effects on body weight

did not fully reverse and were considered adverse. At the high doses, toxicity targets

included: effects on bon e marrow, liver (no microscopic correlate), physis, multiple

tissues (mineral isation) , tongue, pancreas, lung, Br unrm
At the high doses of 20 mg/kg/day and 75 mg/kg/day for males and females,
respectively, Selpercatinib  -related clinical observations included non -reversible

teeth abnormalities (malocclusion, white incisor teeth, and missing teeth) and
thinning haircoat on the head and/or shoulders.
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mg

Duration: 28 days

In males administered 2.0 mg/kg/day thinning haircoat on the head was also noted.

with 28 days

recovery phase
91 -days with TK Rat Sprague At the terminal sacrifice, key Selpercatinib -related microscopic  findings occurred in
and male and Dawley Males and the testis, epididymis, and vagina.
females Females 15 In the bone marrow (femur and sternum) and lung: in males at 20 mg/kg/day and

exploration of
LOXO -282 -TOX -

/group /sex
Oral Gavage once

females at 75 mg/kg/day C bone marrow cellularity (minimal severity) with relative
C in the numbers of  haemto poietic cells (erythroid and myeloid cells), with an a

011 daily prominence of adipocytes in the bone marrow. Correlated in male with lower
reticulocyte count clinicall  y in males at 20 mg/kg/day.
Males: 0, 2, 7.5 At 20 mg/kg/day and females at 75 mg/kg/day g incidence of alveolar macrophage

or 20 mg/kg/day infiltrates in the lung.

The testicular change, tubular degeneration/atrophy in males administered 075
mg/kg/day, correlated with macroscopic findin gs of small or soft testis and
decreased testis weights in males administered 20 mg/kg/day. Selpercatinib -related
findings in the epididymis included luminal cell debris and reduced luminal sperm in
males administered 20 mg/kg/day, which were considered se  condary to microscopic
findings in the testis at this dose.

Females: 0, 7.5,
25 or
75 mg/kg/day

Duration: 91 days
with 4 weeks
recovery phase
Selpercatinib -related findings in the vagina of terminal sacrifice females
administered 025 mg/kg/day included increased mucification of the vaginal
epithelium and an altered (unstageable) oestrous cycle.

In the bon e marrow (femur and sternum), a microscopic finding of decrease d
cellularity occurred in males administered 20 mg/kg/day and fema les adminis tered
75 mg/kg/day and may have correlated with the haemto logy finding of lower
reticuloc yte count in males administered 20 mg/kg/day.

Finding in the lung of males administered 20 mg/kg/day and females administered
75 mg/kg/da y was an increased incidence of alveolar macrophage infiltrates.

At the recovery sacrifice, testis and epididymis findings persisted in males
administered O7.5 mg/kg/day. Degeneration/atrophy in the testis of recovery males
administered 20 mg/kg/day was generally more sever e than in males affected d at
the terminal sacrifice and correlated with macroscopic findings of soft testis and
decreased testis weights in recovery sacrifice males administered that dose level
Epididymis findings included luminal cell debris in males ad ministered
mg/kg/day and reduced luminal sperm in males administered 20 mg/kg/day. The
microscopic findings in the epididymis of males administered 20 mg/kg/day
correlated with  decreased epididymis weight and was considered secondary to the
testis cha nges.

All other Selpercatinib -related microscopic
animals had recovered.

075

findings noted in terminal sacrifice

In Géttingen Minipigs

14 -day daily repeat dose oral toxicity and toxicokinetic study of selpercatinib in Géttingen minipigs
(study LOXO -RET-TOX-008, non -GLP)

The study investigated 3 minipigs  per sex/group at the doses of 0, 5, 25 or 65 mg/kg/day for a

duration of 14 days.  Selp ercatinib was administered by oral gavage

Assessment of toxicity was based on mortality, clinical observations, food consumption, and clinical and
anatomic pathology on selected organs. Blood samples were collected for toxicokinetic evaluations on
Day 1 a nd 14.

Oral administration of 65 mg/kg/day of Selpercatinib to Géttingen minipigs was poorly tolerated and
resulted in the unscheduled sacrifice of all six animals administered this dose. The most prominent

microscopic findings included decreased cellulari ty of the bone marrow, with secondary septic aemia,
atrophy of the ovary, and epithelial blunting/fusion or atrophy in some segments of the small and large

intestines.

28 -day oral gavage toxicity in Géttingen minipigs followed by a 28 -day recovery period (s tudy LOXO -

292 -TOX-002, GLP)
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The study investigated 6 minipigs per sex/group at the doses of 0, 2, 5, 12 mg/kg/day for a duration
of 28 days followed by 28 days recovery phase.

Assessment of toxicity was based on mortality, clinical observations, body weigh ts, ophthalmic
observations, electrocardiographic (ECG) measurements, and clinical and anatomic pathology.

Selpercatinib was well tolerated when administered to Géttingen Minipigs by oral gavage for 28 days at
adose level of 2, 5, or 12 mg/kg/day. No test article -related effects on clinical observations, body weight,
or food consumption were noted.

No selpercatinib -related effects were observed on clinical observations, body weight, ophthalmic
examinations, ECG evaluations, organ weights, or macroscopic ex aminations. Based on the lack of
adverse findings, th e dose of 12 mg/kg/day  was the no observable adverse effect level (NOAEL).

91 -Day Oral Gavage Toxicity in Géttingen Minipigs Followed by a 28 -Day Recovery Period (study
LOX0-292 -TOX-012, GLP)

The study investigated 6 minipigs per sex/group at the doses of 0, 2, 5, 12 mg/kg/day for a duration of
91 days followed by 28 days recovery phase. Selpercatinib was administered by oral gavage

Three males and four females administered 15 mg/kg/day were sacrificed in a moribund condition on
Day 27 (males) or 26 (females) of the dosing phase. These unscheduled sacrifices were considered
selpercatinib -related.

Animals sacrificed in a moribund cond ition on Day 26 or 27 had one or more Selpercatinib -related clinical
pathology changes consistent with an inflammatory response, which involved the gastrointestinal tract,

physeal changes, dehydration and general debilitation. Changes correlated with micro scopic evidence of
inflammation inthe non  -glandular mucosa of the stomach and esophagus and increased thickness of the
physis.

Selpercatinib -related microscopic findings in unscheduled sacrifice animals administered 15 mg/kg/day
were not specifically asso  ciated with moribund condition:

-changes in the femur (minimal to marked increased thickness of the physis),

-testis (slight tubular degeneration/atrophy), epididymis (minimal luminal cellular debris),

-ovary (marked decrease in numbers of corpora lutea a nd the presence of corpora luteal cysts),
-esophagus (minimal to moderate mucosal atrophy, slight mucosal degeneration/necrosis,
-neutrophilic inflammation, and/or moderate ulcer/erosion),

-tongue (minimal to slight mucosal atrophy)).

A slightincrease in  QTc prolongation was noted on Day 88 of the dosing phase in females administered
5 mg/kg/day compared with the time -matched percentage change for the control group and predose
values (approximately 12% and 7%, respectively).

Genotoxicity

Conventional stud ies of genotoxicity (Ames test in Salmonella typhimurium and Escherichia coli reverse

mutation assay, invitro micronucleus assay in human peripheral blood lymphocytes and bone marrow
micronucleus assay following oral administration to rats) were conducted with selpercatinib.

Selpercatinib is not genotoxic at therapeutic doses. Selpercatinib did not cause mutation s in a bacterial
mutagenicity assay. In an in vivo micronucleus assay in rats, selpercatinib was positive at

concentrations >7 times the Cmax at the human dose of 160 mg twice daily. In an in vitro
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micronucleus assay in human peripheral blood lymphocytes, an equivocal response was observed at a
concentration approximately 485 times the Cmax at the human dose.

Carcinogenicity

No carcinogenicity studies were conducted

Reproduction Toxicity

The applicant has conducted studies in rats and minipigs to assesst he effect of selpercatinib on male
and female fertility. In the female fertility study (LOXO -292 -TOX-023), adverse findings on oestrous
cycles and embryonic survival were reported at the high dose level of 75 mg/kg inducing exposure

levels within the clini  cal range. A reduction in the number of oestrous cycles were already reported in
repeat -dose toxicity studies but did not impact on mating performance or fertility. However,

embryolethality was reported with half of the females having 100% nonviable embryo s at 75 mg/kg.
This is in line with the results of the dose -range finding EFD study (increased post implantation loss

due to increased early resorptions from the low dose of 50 mg/kg/day). Overall, a concern for female

fertility is confirmed considering no tably the findings observed at subclinical exposure levels (0.07 to
0.3 times the clinical exposure at the recommended human dose) in minipig studies (ovarian atrophy,
decreased corpora lutea, corpora luteal cysts). In male rats (LOXO -292 -TOX-025), germ ce Il depletion
and spermatid retention were seen from the low dose of 3 mg/kg/day inducing subclinical exposure to

the test -article (x0.2 clinical AUC). Decreased testis weight (likely due to germ cell depletion), altered

sperm parameters (morphology, motili ty), and epididymal findings were also observed at the high dose
level of 30 mg/kg/day (x2 clinical AUC).

In a dose -range finding embryo  -foetal development study (LOXO -292 -TOX-009) conducted in rats at

doses of 50, 100 and 200 mg/kg/day, selpercatinib ind uced developmental toxicity embryolethality
(early resorptions) at all dose levels. At 50 mg/kg/day, only 3 foetuses from two litters could be
evaluated; they were found to be affected by treatment -related and adverse malformations (local

foetal oedema of neck and thorax, small snout, short tail). Hence, a foetal developmental NOAEL could
not be determined. Exposure level at the low dose level were in the clinical range (animal -to-human
exposure ratio of 1.5).

Toxicokinetic data

Exposure comparisons in the animals and humans (AUCO -24, Cmax) are shown in Table 35. The total
plasma geometric mean Cmax of 2980 ng/mL and AUC of 51600 ng*h/mL for selpercatinib in adult
patients at steady state following 160 mg BID (198 mg/m2/day) was used for exposure margin
calculations.

AUC values at the STD 10 in the rat 28 -day study corresponded to approximately 3 -5 times the human
geometric mean AUC at the recommended clinical dose. The HNSTD in the 91 -day study in rat was 20
mg/kg/day (120 mg/m2/day) and 75 mg/kg/day (450 m g/m2/day) for males and females, respectively

and corresponded to approximately 2 to 3 times the human geometric mean AUC at the recommended

clinical dose. The NOAEL for EFD in the rat (100 mg/kg/day or 600 mg/m2/day) corresponded to
approximately 4 times the human geometric mean AUC at the recommended clinical dose. In the 28 -
day study in minipig, the NOAEL was 12 mg/kg/day (420 mg/m2/day) and exposure at this dose
corresponded to approximately 0.4 times the human geometric mean AUC at the recommended clin ical
dose.
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Inthe 91 -day study in minipig, the HNSTD and NOAEL was 5 mg/kg/day (175 mg/m2/day) and exposure
at this dose corresponded to approximately 0.2 to 0.3 times the human geometric mean AUC at the

recommended clinical dose.

Table 6. Comparative Systemic Exposure to Selpercatinib after Oral Administration of Selpercatinib to
Adult Rats, Pregnant Rats, Géttingen Minipigs, and Humans

Svstemic (Plasma) Exposure
max AUC
selpercatinib Tvpe of Comar’ Exposure AUCpa! Exposure Report
Species (mg/kg/day) Study {ng/mL) Ratio*? (ng*h/mL) Ratio? No.
Eat - Repeat Dose Studies
Eat. male 20 NOAEL 4450 2 50800 1
{120 me/m’/dav)
Eat. female 50 NOAEL 2380 3 39100 0.8
(300 mg/m?/day) 28-day LOXO-
Rat. male 45 STD 10 repeat-dose [ 11700 4 151000 3 292-TOX-
Eat. female 120 STD 10 19100 ] 260000 5
(720 mg/m*/day)
Eat. male 7.5 NOAEL 1490 0.5 18500 0.4
(45 mg-"m“:'davj
Eat. female 25 NOAEL 10700 4 50400 1
(150mgaries) s oo
Eat. male 0 HNSTD studv 6730 2 80400 2 - _Elll )
{120 mg/m*/day) I
Eat. female 75 HNSTD 15700 5 149000 3
{450 mg/m?/dav)
Minipig - Repeat Dose Studies
Minipig, 12 NOAEL 28-day 1120 04 23200 0.4 LOXO-
male and (420 mg/m*/day) repeat-dose 102.TOX-
female study 002
Minipig 5 HNSTD ) 712 0.2 13200 0.3
Minipig. 5 . NOAEL study 5635 02 11900 0.2 - _Ell'-‘ )
female (175 mg/mr/day) - B
Eat — In vive Micronucleus Assay
Fat. male 375 Negative 9210 3 112000 2
225 me/m?/day)
73 Negative 15200 5 245000 5
(450 mg/m’/day) .
150 Nezative Jnwavo 31000 7 421000 9 |Loxo-
(900 me/m¥/day) micromuclens _-9_-'503-
300 Positive assay 33000 1 T080000 1] 021
{1800 mg/m’/day)
500 Positive 34300 12 1190000 23
{3000 mg/m”/day)
Rat - Embryo Fetal Development
Rat. 100 NOAEL for Embryo-fetal 14600 5 185000 4 LOXO-
pregnant (600 mg/m*/day) | maternal toxicity development 202-TOX-
female 009
Human
Human 160 mg BID N/A N/A 20807 N/A 51600* N/A LOXO-
(198 mg/m*/day) RET-
17001

AUC 24 and Coug values indicate mean total plasma concentrations, unlass noted otherwrise.
¢ The Cuuxexposure ratio was calculated as Caus s’ C s homan following repeated dosing.
3 The AUC exposure ratic was caleulated as AUCx.:

wmad AT C 024 pumen following repeated dosing.

4 Geometric mean s s 30d AUCH 24 jumes were the steady-state values (Day 8) from Clinieal Study LOXNO-RET-17001 where adult patients (410 patients)
recerved 160 mz BID (visit cutoff 17 June-2019).

MNA = not applicable

Local Tolerance

No dedicated local tolerance testing was conducted. The gastrointestinal tract was evaluated in all

repeat -dose toxicology studies in Sprague

-Dawley rats and minipigs.
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Other toxicity studies

Juvenile studies

Preliminary, non GLP - compliant studies were con  ducted in juvenile rats aged 7 days at initiation of
treatment (a single dose ( LOX0O-292 -TOX-017) and two dose -range finding toxicity studies ( LOXO-292 -
TOX-019, LOXO -292 -TOX-022).

Phototoxicity assay

Neutral Red Update Phototoxicity Assay of LOXO -292in BA LB/c 3T3 Mouse Fibroblasts An in vitro neutral
red uptake phototoxicity assay was conducted in BALB/c 3T3 mouse fibroblasts with selpercatinib .
Selpercatinib was not found to be phototoxic in this study.

However in the distribution study on male Long Evans pigmented rat, selpercatinib shows a high
distribution into tissues containing ocular melanin and integumentary melanin and in meninges with at

last sampling time of 672 hours postdose, persisted radioactivity in ocular or pigmented tissues (uveal

tract, vitreous humor, eyes, meninges, and pigmented skin).

2.3.5. Ecotoxicity/environmental risk assessment

Table 7. Summary of Main Study Results

Substance (INN/Invented Name): Selpercatinib / Retsevmo

CAS -number (if available): 2152628 -33-4
PBT screening Result Conclusion
Bioaccumulation potential - log | OECD107 log Kow values of 1.3, Potential PBT: no
Kow 3,08 and 3.45 at pH 5, pH bioaccumulation
7 and pH 9 potential
PBT -assessment
Parameter Result relevant Conclusion
for conclusion
Bioaccumulation log Kow of 1.3, 3,08 and 3.45 at not B

pH5, pH 7 and pH 9

BCF B/not B

Persistence DT50 or ready P/not P
biodegradability

Toxicity NOEC or CMR T/not T
PBT - statement: The compound is not considered as PBT nor vPvB

Phase |

Calculation Value Unit Conclusion
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PEC surfacewater , default or 0.0099 ng/L > 0.01 threshold

refined (e.g. prevalence, N
literature)
Phase Il Physical -chemical properties and fate

Not required

Phase lla Effect studies

Not required

2.3.6. Discussion on non -clinical aspects

Selpercatinb inhibits RET, RET fusions, and multiple RET mutants with a good potency and selectivity.

In vitro selpercatinib inhibited the wild type RET kinases. Certain point mutations in RET or
chromosomal rearrangements involving in -frame fusions of RET with various partners can result in
constitutively activated chimeric RET fusion proteins that can act as oncogenic drivers by promoting

cell proliferation of ~ tumour cell lines. In in vitro and in vivo tumour models, selpercatinib demonstrated

anti -tumour activity in cells arbouring constitutive activation of RET protein resulting from gene fusions

and mutations, including CCDC6 -RET, KIF5B -RET, RET V804M, and RET M918T.| n addition,
selpercatinib showed anti  -tumour activity in mice intracranially implanted with a patient -derived RET
fusion positive tumour (see section 5.3 of the SmPC).

The safety pharmacology studies using conscious telemetry -instrumented animals was only conducted

in male minipigs. The dose of 12 mg/kg did not show a cardiac toxic effect. However, in the 91 -day

minipig repeated -dose study, females administered the mid dose of 5 mg/kg/day exhibited a slight

increase in QTc interval of approximately 12% and 7 %, relative to controls and pre dose values,

respectively. In addition, considering the risk of QT interval prolongation based on clinical experience

with Selpercatinib and clinical and non -clinical finding with multi -kinase inhibitors with anti -RET acti vity
(vandetanib, sunitinib, and lenvatinib), a warning has been included in section 4.4 of the SmPC) .
Significant inhibition (1 C50 OH?tapsporter @&2%amayenistv ed for the 5

radioligand) and a2c(h) (51.7% antagonist radioligand). The ¢ oncentration of 1 T M-is appr
fold higher than the maximum unbound plasma geometric concentration (Cmax(unbound) = 153 nM)
at the clinical dose of 160 mg BID. No other receptors or el

5.3 of the SmPC). Depen  dence to Selpercatinib was considered not likely and therefore dependence
studies were not considered relevant.

Selpercatinib was orally bioavailable in the mouse, rat, rabbit, dog, monkey, and minipig, and thus

demonstrates at least moderate intestinal a bsorption. The physicochemical properties of selpercatinib,
along with invitro dataand invivo data in six preclinical species, suggest that selpercatinib is likely to

be well absorbed after its oral administration. A pH -dependent solubility of selpercat inib suggest that
selpercatinib exposure could be lower in patients treated with proton pump inhibitors and other

antacids; and a reduction in exposure was demonstrated in humans (see section 4.5 of the SmPC).

Selpercatinib shows a high distribution into tissues containing ocular melanin and integumentary
melanin and (uveal tract, vitreous humour, eyes, meninges, and pigmented skin).

The rates of metabolism suggested that selpercatinib will have moderate clearance in humans. Except

the metabolite M1 (gluta  thione conjugate), the predominant human metabolites detected in vitro were
the same detected with rat and/or minipig microsomes and hepatocytes). M2, M3, and M4 and M5

were present in the plasma of rats and minipigs dosed orally with selpercatinib.
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Six m etabolites were identified in human plasma: two oxidized metabolites (M2 and M5), an O -
desmethyl metabolite (M3), an N -dealkylated metabolite (M4), a secondary di -oxidized metabolite
(M7), and an O -dealkylated glucuronide conjugate (M6).

CYP3A4 appeared t o contribute significantly to the clearance of Selpercatinib, there was the potential
for co -administered inhibitors and inducers of CYP3A4 to affect the PK of Selpercatinib.

Overall, the pharmacokinetic data for selpercatinib indicate it is well absorbed after oral administration
and has the appropriate characteristics to enable its pharmacological and toxicological evaluation.

Repeat -dose studies were conducted in rats and mi nipigs to characterize toxicity. Target organs of
toxicity common to the rat and minipig were haemto poietic system, lymphoid tissues, tongue,
pancreas, epiphyseal growth plate, and male reproductive tissues. In general, toxicities in these organs

were reve rsible; the exception was the testicular toxicity. Reversible toxicity was observed in the

ovaries and gastrointestinal tract in minipigs only; at high doses, gastrointestinal toxicity caused

morbidity at exposures in minipigs that were generally lower tha n exposures determined in humans at
the recommended dose. In one minipig study, females exhibited a slight, reversible increase in QTc
prolongation of approximately 12% compared to controls and 7 % compared to pre -dose values.
Target organs of toxicity obs erved only in rats were incisor tooth,
and multi -tissue mineral isation associated with hyperphosphatemia. These toxicities only occurring in
these organs in rats were reversible (see section 5.3 of the SmPC).

Selperca tinib was considered non genotoxic based on the negative result of GLP bacterial mutation
assay and the in vitro micronucleus assay in HPBL while inan invivo micronucleus assay in rats,
selpercatinib was positive at concentrations >7 times the C max at th e human dose of 160 mg twice

daily. As with other RTK inhibitors, the bone marrow is a target organ for selpercatinib. Those findings
are reflected in section 5.3 of the SmPC.

This initial MAA follows the guidance of ICH S9 which states that carcinogenicit y studies are not
scientifically warranted to support marketing for therapeutics intended to treat patients with advanced

cancer. However, as MTC has a high prevalence of RET mutations but is often a slow growing tumo ur,
the applicant is recommended to con duct carcinogenicity studies in rats and in RasH2 transgenic mice.

The live phase of the rat study is expected to complete in May 2023, with a final report available in April
2024. The live phase of the mouse study is expected to complete in November of 20 21, with a final
report available in October of 2022

The applicant has  submitted studies in rats to assess the effect of selpercatinib on male and female
fertility. A concern for female fertility is confirmed considering notably the findings observed at subclinical

exposure levels in minipig studies (ovarian atrophy, decreased corpora lutea, corpora luteal cysts). In
male rats, germ cell depletion and spermatid retention were seen from the low dose. Decreased testis

weight, altered sperm parameters, and epididymal findings were also observed at the high dose level.

These results are con sistent with the non -reversible testicular degeneration reported at subclinical
exposure levels in the repeat -dose toxicity studies conducted in rats and minipigs. Fertility of male rats

was not affected in the male fertility study. However, this result do es not mitigate the concerns for
human male fertility considering the findings observed at low exposure multiples in the rat and minipigs

studies.

In the dose -range finding embryo  -foetal development study conducted in rats at doses of 50, 100 and

200 mg/k g/day, selpercatinib induced developmental toxicity embryolethality (early resorptions) at all

dose levels. Exposure level at the low dose level were in the clinical range (animal -to-human exposure
ratio of 1.5). In view of these findings, it is agreed tha t no additional embryo  -foetal developmental
toxicity study is needed since there is sufficient information to inform on the potential risks for

humans.

iver
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In line with ICH S9 guidance, a pre - and postnatal toxicology study was not conducted and the

potential effects on fertility were evaluated based on the information available from repeat -dose
toxicity studies. In males and female rats, these findings were reported at exposure levels either lower
than or in the range of those reached in patients at the maxima | human recommended dose. Overall,

findings from repeat - dose toxicity studies conducted in rats and minipigs suggest that selpercatinib
may adversely impact on male and female fertility (see sections 4.6 and 5.3 of the SmPC).

Juvenile animal studiesw ill b e conducted, as part of the EMEA -002544 -PIP0O1-18.

Based on data from animal reproduction studies and its mechanism of action, selpercatinib can cause

foetal harm when administered to a pregnant woman. Women of childbearing potential have to use
highly effe ctive contraception during treatment and for at least one week after the last dose of

selpercatinib. Men with female partners of childbearing potential should use effective contraception

during treatment and for at least one week after the last dose of sel percatinib (see sections 4.6 and
5.3 of the SmPC)

Selpercatinib did not demonstrate phototoxic potential in the in vitro neutral red uptake assay in
BALB/c 3T3 mouse fibroblasts.

No dedicated local tolerance testing was conducted. Given that the intended route of administration is
the oral route, this is acceptable. The gastrointestinal tract was evaluated in all repeat -dose toxicology
studies in Sprague -Dawley rats and minipigs.

Selpercatinib is unlikely to represent a risk for the environment following its prescribed usage in patients.
A phase Il environmental fate and effects assessments is not required according to the EMEA Guideline
but regarding the PEC s value of Selpercatini b (0.0099 pg/L) which is close to the limit of 0.01 pg/L, in

case of any extension in indication, this PEC sw Will be exceeded and complementary ad hoc phase Il
studies will be required. The applicant is recommended to submit a Phase Il ERA by the end of 2021
2.3.7. Conclusion on the non - clinical aspects

Overall, the non -clinical documentation submitted was considered adequate. The relevant information
has been reflected in the SmPC (sections 4.4, 4.5, 4.6 and 5.3).

The CHMP conside rs the following measures necessary to address the non -clinical issues:

The MAH is recommended to submit:

the results of a6 -month carcinogenicity study in RasH2 transgenic mice

the results of a2 -year carcinogenicity study in rats
- theresults ofa  GLP-compliant non -clinical toxicology study in juvenile rats

- a Phase Il ERA to reflect the patient population as reflected in the approved indication

2.4. Clinical aspects

2.4.1. Introduction

GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicant.
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The applicant has provided a statement to the effect that clinical trials conducted outside the

Community were carried out in accordance with the ethical standards of Directive 2001/20/EC.

9 Tabular overview of clinical studies

Table 8. Listingof Completed Clinical Studies with

Selpercatinib

Study Number

Study Title

LOXO-RET-15014

A 2-Part, Open-Label, Fixed-Sequence Study to Evaluate the Effects of Multiple
Doses of Itraconazole and Rifampin on the Single-Dose Pharmacokinetics of
LOX0-292 1 Healthy Adult Subjects

LOXO-RET-18015

An Open-Label. Randomuzed. Crossover Study to Evaluate the Effect of Food and
a Proton Pump Inhibitor on the Single-Dose Pharmacokinetics of LOX0-292 in
Healthy Adult Subjects

LOXO-RET-18016

A Phase 1, Open-label, Two-part Study to Investigate the Absorption, Metabolism,
Excretion, and Absolute Bioavailability of [14C)-LOX0-292 in Healthy Male

Subjects

LOXO-RET-18017

An Open-Label. Fixed-Sequence Study to Evaluate the Effect of Multiple Doses of
LOXO- 292 on the Single Dose Pharmacokinetics of Midazolam in Healthy Adult
Subjects

LOXO-RET-18026

An Open-Label. Fixed-Sequence Study to Evaluate the Effect of Multiple Doses of
LOX0-292 on the Single Dose Pharmacokinetics of Repaglinide in Healthy Adult
Subjects

LOXO-RET-18032

A Single-Dose, Randomized, Double-Blind, Placebo- and Positive Controlled, 4 Way
Crossover Study to Evaluate the Effect of LOX0-292 on the QTc Interval in Healthy
Adult Subjects

LOXO-RET-18057

A Phase I, Single-Ascending Dose Study to Evaluate the Safety, Tolerability, and
Pharmacokinetics of LOX0-292 in Healthy Adult Subjects

LOXO-RET-19075

An Open-Label. 3-Peniod, Fixed Sequence Study to Evaluate the Effect of an H2
Antagonist and a Proton Pump Inhibitor on the Single Dose Pharmacokinetics of
LOX0-292 i Healthy Adult Subjects

Study Number

Study Title

LOXO-RET-18022

Open-label. Nonrandomized. Single-dose. Parallel-group. Safety. Tolerance. and
Pharmacokinetic Study of LOX0-292 Administered to Fasted Hepatically Impaired
Male and Female Subjects and Fasted Matched-control Healthy Subjects

LOXO-RET-18023

A Phase 1. Open-Label. Parallel-Cohort. Single-Dose Study to Evaluate the Effect of
Renal Impairment on the Pharmacokinetics of LOX0-292
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Table 9. Listingof Ongoing Clinical Studies with Selpercatinib

Study Number Study Title

LOXO-RET-17001 A Phase 1/2 Study of Oral selpercatinib  in Patients with Advanced Solid Tumours,
Including RET Fusion -Positive Solid Tumours, Medullary Thyroid Cancer, and Other
Tumours with RET Activation (LIBRETTO -001)

LOXO-RET-18036 A Study of Oral selpercatinib in Paediatric Patients With Advanced Solid or Primary
Central Nervous System Tumours (LIBRETTO -121)

J2G-MC-JZJB (LIBRETTO - | A Multicenter, Randomized, Open -label, Phase 3 Trial Comparing selpercatinib  to
531) Physicians Choice of Cabozantinib or Vandetanib in Pa tients with Progressive,
Advanced, Kinase Inhibitor Naive, RET -Mutant Medullary Thyroid Cancer

(LIBRETTO -531)

J2G-MC-JZJC (LIBRETTO - | A Multicenter, Randomized, Open -Label, Phase 3 Trial Comparing selpercatinib  to

431) Platinum -Based and Pemetrexed Therapy with or without Pembrolizumab as Initial
Treatment of Advanced or Metastatic RET Fusion -Positive Non -Small Cell Lung
Cancer

2.4.2. Pharmacokinetics

The clinical pharmacology investigations of selpercatinib consisted of eight clinical studies in healthy
volunteer s and two clinical studies in special populations with hepatic dysfunction (LOXO -RET-18022)
and renal impairment (LOXO  -RET-18023).

One ongoing clinical Phase 1/2 study is performed in patients with advanced solid tumours, including ret
fusion -positive solid tumours, medullary thyroid cancer, and other tumours with RET activation (LOXO-
RET-17001, pivotal study) and another ongoing Phase 1/2 study is carried out in paediatric patients with
advance d solid or primary central nervous system tumours (LOXO-RET-18036) (Table 9).

Full PK profiling has been performed in healthy volunteers whereas rich and sparse PK sampling were
performed in patients.

Only PK data from patients were used to develop a Population PK m odel and Exposure -response analysis
as presented in (Table 10).

Table 10 . Modelling and PK/PD Studies

Study Number Study Title
LOX0-292-DMPE-031  |Population Pharmacokinetic and Pharmacodynamuc Analysis for LOX0-202

LOXNO-292-DMPE-050 |Population PE, Tumor Size, and Exposure-Fesponse Modeling and Simulation of
LOX0-292 m Cancer Patients

LOX0-292-DMPE-052  |Prediction of the Effect of CYP3A4 Inhibitors and Inducers on the Exposure of
Selpercatmib (LOX0-292; LY3527723) in Healthy Vohmteers

Bioanalysis

Throughout the clinical development, a unigue HPLC/MS/MS bioanalytical method (TM17 -410) was used
to quantify selpercatinib in human plasma with K 2EDTA as anticoagulant in all clinical studies. The method

was cross -validated and used to quantify selpercati nib in urine samples.  The developed method allows

guantification of selpercatinib over a concentration range of 1 ng/mL (LLoQ) to 1000 pg/mL in serum
samples and over a range of 5.0 to 5000 ng/mL in urine samples.
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Pharmacokinetic analyses

Forsingle ormu ltiple -dose studies, PK parameters evaluated in plasma include Cmax, Cmax/Dose, Cmin,
Tmax, AUCO -t, AUCO -12, AUCO -12/Dose, AUCO -24, AUCO -24/Dose, AUCO -D, AUC%e x hut, 31/2, R
12z, CL/ F, a n d -ddse studies UPK paraméters evaluated in urine inclu de Ae, CLr, and fe.

Standard non -compartmental (model -independent) pharmacokinetic methods were used to calculate PK
parameters using Phoenix® WinNonlin version 8.1 (Certara, Princeton, NJ).

Population (Pop) PK, tumour size, survival and PK/PD analyses we re performed based on interim data

collected in the ongoing phase 1/2 study LOXO -RET-17001 in cancer patients. Pop PK and tumour size
modeling were conducted based on the non -linear mixed effects modeling.

The Pop PK estimation was performed using the firs t-order conditional estimation with interaction
(FOCEI) method implemented in NONMEM 7, version 7.4. NONMEM and R (version 3.4) were used for
simulations to derive exposure metrics for the subsequent exposure -response analysis.

Absorption

After single or multiple dose administration of selpercatinib in both healthy subjects and patients with
advanced malignancies, median T max ranged between 2 hours indicating that absorption is rapid.

After a single dose of 160 mg in healthy volunteers, Cmax ran ged from 1650 ng/mL to 2024 ng/mL and
after multiple dose Cmax,ss ranged from 4082 ng/mL to 4574 ng/mL. In patients after a multiple dose
of 160 mg BID at C1D1 and C1D8 geometricmean Cmax were 1120 ng/mL and 2980 ng/mL respectively.

Based on in vitro inve  stigations, LOXO -292 was found to be a substrate of both P -gp and BCRP, and a
weak inhibitor of P -gp.

LOXO0-292 exhibit a pH dependent aqueous solubility with high solubility in very acidic (0.1 N HCL,) and
low solubility at higher pH (pH 6.0,). Therefore g iven the information of the low fraction absorbed, LOXO -
292 can be classified as a BCS class IV compound.

Absolute bioavailability

The absolute bioavailability of selpercatinib was estimated at around 73.2% ( individual subject values
ranging from 60.2 - 81.5%) following an oral dose of 160 mg selpercatinib capsule formulation (2x80

mg) in the fasted state and intravenous administration of approximately 9.92 pg ( ~ 1 pCi) of [14C] -
LOX0O-292.

Relative bioavailability/Bioequivalence

Two selpercatinib capsule strengths (40 mg and 80 mg) are claimed to be marketed, however only the

80 mg strength was used during the B/R pivotal study (LOXO -RET-17001) and in all the clinical
pharmacology studies. Therefore, there is no clinical exposure data available for the 40 mg capsule.
However the 40 -mg and 80 -mg capsule formulations, which differ only in their capsule shell, are
expected to perform equivalently in vivo.

Influence of food

The food effect on selpercatini b PK was evaluated in 20 healthy volunteers (study LOXO -RET-18015)
who were administered a single oral dose of 160 mg selpercatinib in the fasted (Period 1) and fed state

(Period 2). PK results indicated that the geometric mean of selpercatinib C max decrea sed moderately by
14% and AUC o.irf increased by only 9% after administration of a high -fat breakfast (see  Figure 3). The
geometric mean ratio (90% CI) of Cmax and AUC g.ins Were 86.24 (57.27, 129.88) and 108.58 (81.17,
145.25), respectively. In the fed state, median Tmax was delayed to approximately 4 hours postdose.
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The effect of administration of PPl (omeprazole) on selpercatinib PK was also investigated in 20 healthy

volunteers who were administered multiple QD dose of omeprazole and a single oral dose of 160 mg
selpercatinib in the fasted (Period 3) and fed state ( Period 4). PK results indicated in the fasted state
that the geometric mean of selpercatinib C max decreased highly by 88% and AUC o-inf decreased by 69%
whereas in the fed state, there were no significant change in PK parameters exposure except for Cmax

whi ch decreased by 50%. In the fasted state, median Tmax was delayed to approximately 2.5 hours

postdose whereas in the fed state Tmax was delayed at 6h postdose.

These data support that selpercatinib capsules could be administered with or without regards to food.

3000 H—H Treatment A: 160 mg 1L.OX0-292 fasted

& -~ 9 Treatment B: 160 m% LOX0-292 fed
@~ ~ Treatment C: Multiple daily doses of 40 mg omeprazole + 160 mg LOX0-292 fasted
&2 Treatment D: Multiple daily doses of 40 mg omeprazole + 160 mg LOXO-292 fed

Plasma LOX0-292 Concentration (ng/ml)

96 120 144 168
Hours post LOXO-292 dose (hr)

LLOQ value for LOX0O-292 is 1.00 ng/mL.
Program: /CA24336/sas_prg/pksas/adam_meangraph sas 30JAN2019 13:18

Figure 3. Mean plasma LOXO -292 concentration time profiles following administration of 160 mg LOXO

292 fasted (treatment A), fed (Treatment B), co -admi nistration of multiple dose omeprazole +160 mg

LOXO -292 fasted (Treatment C), and co -administration of multiple dose omeprazole +160 mg LOXO -292
fed (Treatment D)

Distribution

Based on in vitro investigations (LOXO -292 -DMPK-012), selpercatinib was found to be highly bound

(96.1%) to human plasma proteins, mainly on albumin and to a lesser extent to UlT acid glycoprote
Protein binding was independent of selpercatinib concentra tion from 0.1 to 20 pM.

From study LOXO -RET-18022 (hepatic impairment), the unbound fraction was confirmed at 3.89%.

In the human AME study (LOXO  -RET-18016), the blood -to-plasma radioactivity ratios of AUCO -24 was

determined to be 0.59, respectively, sugg esting lack of meaningful distribution of selpercatinib into blood
cells. Based on in vitro investigation (LOXO -DMPK-013), B/P ratio was estimated at 0.70.
Following IV dosing, in healthy volunteers the selpercatinib volume of distribution during the termi nal

phase (Vz) or at steady state in plasma was 127 L and 85 L respectively, whereas following oral dosing
the apparent distribution volume was 307 L.

Following oral dosing of selpercatinib in patients, based on a PopPK analysis, the selpercatinib mean
(CV%) estimated volume of distribution (Vss/F) was 191 L (69%).
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Elimination

The mass balance study LOXO

of [14C] -LOXO-292 with a radiolabelled dose (160 mg

-RET-18016 was a two part study including both oral and IV administration
~40 uCi ) and a microtracer de

sign of the IV dose

(~ 9.92 ug ~ 1pCi) administered to 6 healthy volunteers. Results are provided in Table 11.
Table 11 . Summary of Absorption, Metabolism  and Excretion Parameters of LOXO -292 in Study LOXO -
RET -18016.
Part1 Part 2 Part 2
Parameter 160 mg, (40 pCi)* 160 mg (nonlabeled) ~10 ng, (1 nCi)®
Oral Solution Dose Oral Capsule Dose IV Dose

Selpercatinib Plasma PK Parameters, Geometric Mean (Geometric 2% CV)

AT C et (h*ng/ml ) 24100 (20.2) 20200 (26.6) 1.68 (30.0)
IATUCos (h*ng/mL) NA 20300 (26.6) 1.72(33.5)c
Cae (ng/mL) 1890 (22.7) 1550 (28.0) 0.201 (30.0)
T (1), median (range) 1.25(1.00, 1.50) 192 (1.00,1.92) 0.167 (0.167, 2.10)
tya (h), arithmetic mean (SD) 36.5(18.0) 3I1.5(20.7) 169 (7.97)c
CL/F (L/h) 6.83 (202) 7.89(26.6) NA

CL (L/h) NA NA 570(334)
VF (L) NA NA NA

Wz (L) NA NA 127 (56.8)c
|Absolute Oral Bioavailability NA 0.732(13.9)c NA
Selpercatinib and Metabolites in Plasma

(Fraction of Radioactivity in a Pooled Plasma Sample Representing AUC1-168 bours)

Selpercatinib (%6) 86.17 - -
Metabolites M2 M3, M4 M5 (%) < 4% each - -

[Renal Excretion (Selpercatinib)

[Fe (%) 11.5 734(279) 13.5(24.2)
Clr (L/h) - 0.579 (29.4) 0.789 (37.6)c
[Excretion Mass Balance (Selpercatinib + Metabolites), Mean (2% CV)

[Urine (%) 23.8(2.72) NA 30.2(43)
Feces (%) 69.3 (1.60) NA 60.3(10.7)
Total (%a) 935 (1.75F NA 90.7(58)

Following oral dosing, the overall recovery of radioactivit

+ 1.75%), with 69.3%

+ 1.60% of the dose recovered in feces and 23.8%
(Figure 4). Approximately 14% and 11.5% of [14C]

y in this mass balance study was high (93.5%

+ 2.72% recovered in urine
-LOX0-292 was recovered unchanged in feces and

urine respectively. Renal clearance was found to be low and estimated at 0.579 L/h. this low renal

clearance was also confirmed in patients, estimated at 0.432 L/h (160 mg

BID dose, Study LOXO

17001). Excretion was relatively rapid with most of the administered radioactivity (85%) excreted in 144

hours.
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Figure 4. Arithmetic mean (+SD) cumulative percent of radioactive dose recovered in urine (N=6
subjects) and faeces (n=5 subjects) after a single oral dose of [14C] -LOXO -292 160 mg (~40 pCi) to
healthy male
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Following IV dosing, the overall recovery of radioactivity in this mass balance study was high (90.7% +
5.8%), with 60.3% + 10.7% of the dose recovered in feces and 30.2% + 4.3% recovered in urine.
Approximately 13.5% of [14C] -LOXO0-292 was recovered unchanged in urine. Similarly renal clearance

was found to be low, estimated at 0.789 L/h.

LOXO-292 underwent extensive metabolism (Figure 3) which involved the formation of 6 oxidized
metabolites. O-Demethylation was the main biotransformative pathway to produce desmethyl -LOXO-
292 (M3), followed by N-dealkylation to produce N-dealkylated -LOXO-292 (M4). Two other oxidative
metabolites, oxy -LOXO-292 (M 5), which was oxidized on the aliphatic portion of LOXO -292, and LOXO -
292 N-Oxide (M2), were present in minor to trace amounts. Metabolites M5 and M3 underwent further

oxidation to produce metabolites carboxy -LOX0-292 (M9) and oxy -desmethyl -LOXO-292 (M8),
respectively, and were only present in feces in minor amounts. In plasma the parent compound

accounted for 86.17 of the total radioactivity with no major metabolite ( O 10% of total compound  -related

material) were detected. In both urine and faeces more tha n 98% of the recovered radioactivity was
identified . None of the metabolites (M2, M3 and M4) have an activity on RET kinase more potent than
selpercatinib.
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Figure 5. Proposed biotransformation pathways of LOXO -292 after a single oral dose of [14C] -LOXO -
292 160 mg (~40 uCi) to healthy male
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Based on in vitro investigations using human recombinant CYP enzymes, selpercatinib was found to be
predominantly metabolized by C YP3A4. In addition, selpercatinib showed weak inhibition of CYP2C8, with
an IC50 values of 3.4 T M, and weak time -dependent inhibition of CYP3A4 with K| of 9 T M, kinact of

0.013 min -* (kinact/Kl of 0.0014 min

Across healthy subjects
oral dose of 160 mg the geometric mean terminal half
31.2 hours. The mean apparent clearances (C

17 ML thisturnto R = 1.4, LOXO

-292 -DMPK-010) .

, studies (including DDI studies presented later in the DDI part) following single

- life for selpercatinib was in the range of 20.6 to

L/F) for selpercatinib in healthy volunteers were estimated

between 6.58 to 7.89 L/h. In patients after MD of 160 mg BID, CL/F was estimated at 6.2 L/h with a
calculated half -life of 22 hours, based on the results from the PopPK analysis.

Dose proportionality and time dependencies

Dose proportionality

Based on PK data from patients following BID dosing of ascending doses of selpercatinib (Study LOXO -

RET-17001), selpercatinib exposures PK parameters increase with increasing dose at C1D1

(Table 12 and Figure 6).

LOXO-292 ex hibits linear to supra

and at C1D8

-proportional PK in patients from 20 mg QD to 240 mg BID.
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Table 12 . Summary of PlasmaLOXO -292 PK Parametersby  Actual Dose of Capsule Formulation (C1D8)
CYCLE1DAY §
; : Tonas® Cons AUCa s AUCim AUCoa .| CLoF | Cau/Dose AUCus/Dose
ACTUAL DOSE () {ng/mL) {(h*ng/mL) {h*ng/mL) (h*ng/mL) Ravc (L/h) (ng/mL/mg) (h*ng/mL/mg)
20 mg QD N 6 6 & 6 i b [ i 6
GM 1.05 123 1330 1330 1330 197 151 6.13 66.4
GCV 0.00,2.25 2206 1371 1371 1371 181 1371 2206 1371
20mg BID N 9 9 9 9 9 9 9 9 9
GM 1.88 275 2290 2290 4580 266 873 13.7 115
GCV% | 000,225 532 498 498 498 58.1 498 53.2 498
40 mg BID N 16 16 16 16 16 16 16 16 16
GM 203 546 4600 4600 9200 290 2.70 136 115
GCV% | 0967608 307 483 483 483 884 483 507 483
60 mg BID N 12 12 12 12 12 11 12 12 12
GM 202 1070 8870 2870 17700 247 6.76 179 148
GCV% 1.12,4.08 430 456 456 456 505 436 450 456
20 mg BID N 1] 20 20 20 20 19 20 20 20
GM 20 1340 10800 10800 21600 263 739 168 135
GCV% 0.00, 4.02 490 330 350 550 528 350 490 550
120 mg BID N 17 17 17 17 17 13 17 17 17
GM 2.00 2300 19100 19100 38300 319 6.27 192 159
GCV% 0.00, 4.00 474 333 333 533 537 333 74 533
160 mg BID N 410 410 410 402 402 92 402 410 402
GM 2.00 2080 25600 25800 51600 343 6.20 186 161
GCV% | 0.00,810 53.1 577 579 579 683 579 53.1 579
200 meg BID N 3 3 3 3 3 3 3 3 3
GM 213 2650 22000 22000 43900 32 9.10 133 110
GCV% | 1.10,4.00 456 303 303 303 1279 303 456 303
240 me BID N 3 5 5 3 5 b 5 5 3
GM 212 5270 43900 43900 87900 238 546 0 183
GCV% 1.87,4.08 184 231 231 231 7.1 231 184 231
VISIT=CYCLE 1 DAY § VISIT=CYCLE 1 DAY 8
60 (8] 00 =
5 o K =
> O E 600 —
é 40— 7 ‘; Wmg a0
s % : z g 80
gl i T T 400 —| E “w m: Ho
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Figure 6. Dose -normalized plasmaLOXO -292 Cmax and AUCO -tatsteady -state
Time dependency
Based on study LOXO -RET-18016 (mass -balance Part2, Table 11), with a mean estimated half -life of

31.5 h, in healthy volunteers, steady state is expected to be reached after a week following a multiple

dose of 160 mg BID of LOXO

18026 performed in h

-292. This is confirmed by both studies LOXO
ealthy volunteers.

Following 160 mg BID dosing of selpercatinib in patients (Study LOXO

Day 8 were considered at steady
AUCo.24n Was 51,600 (58%)

estimated at 3.43 and

-state. Estimated half

-RET-18017 and LOXO -RET-

-RET-17001), PK sampling at

-life was 22h, Geometric mean Racc was

ng*h/mL (Table 12).
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Special populations

Intra - and inter -individual variability

Across studies and using NCA approach, the between - patient variability in selpercatinib was moderate
to high ranging from 38% to 85.6 % for Cmax, and ranging from 24.4 to 78.5 % for AUCs (variability
shown as CV %).

Data from Pop PK analysis showed very high between - patient variability for absorption related
parameters kaand  Dur (CV= 78 and 56%, respectively) and for Vc/F (CV = 69%). A bit lower 11V was
estimated for CL/F = 49% but remains relatively high. The magnitude of the proportional errors was
moderate (CV = 28%).

PK Population analyses

Additional to formal PK investigations in healthy volunteers, the applicant has performed Pop PK
analyses in order to describe and identify sources of variability of selpercatinib after repeated
administration in ~ cancer patients.

LOXO-RET-17001

The study is ongoing. Briefly, patients with advanced solid tumour s, including RET fusion  -positive solid
tumour s, RET-mutant MTC, and other ~ tumour s with RET activation, received oral ascending doses of
selpercatinib ranging from 20 mg once daily (QD) through 240 mg twice daily (BID) during phase 1.

The dose of 160 mg BID was selected for Phase 2.

LOXO-292 -DMPK-050

The final dataset included a total of 6379 PK observations from 512 patients, with 6246 non -BLQ and
133 BLQ PK observations (2.1% <5%). The median number of PK observations per patient was 5, and
the range was 1 to 68 observations. All BLQ PK observations were excluded from the analysis.

The majority of patients included in the analysis received the dose 160 mg BID (n= 465, 91%)

followed by 80 mg BID (n=57, 11%), 120 mg BID (n=34, 6,6%) and 60 mg BID (n=33, 3,5%). To

note, due to dose adjustments, some pat ients received multiple dose levels of selpercatinib during the
study and are counted more than once.

The final Pop PK model retained for selpercatinib after oral administration is a 2 -compartment
disposition model with sequential zero (DUR) and first -orde r absorption (ka), with a linear elimination
and a combined multiplicative and additive errors model. Inter -individual variability (11V) terms are
included on CL/F, Vc/F, ka, and Dur with a correlation between the IV terms for CL/F and Vc/F.

A diagram of the final population PK model is presented in Figure 7. Parameter estimates for the final
population PK model are presented i n Table 13.

Figure 7.Diagramof  final population PK m odel for LOXO  -292
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Abbreviations: CL/F=apparent clearance; Dur=duration of zero -order absorption; ka=first -order first -order

absorption rate constant; PK=pharmacokinetic; Q/F=apparent intercompartmental clearance; Vc/F=apparent central

volume of distribution; Vp/F=apparent peripheral volume of distribution.

Table 13 . Parameters ofthe Final Population PK Model

The magnitude of the proportional errors was moderate (28%) and the additive error was estimated at

47 ng/L (acceptable when compared to geometric mean steady state C max = 2980 ng/L). A large 11V
was observed for absorption related parameters (CV= 78 and 56% for Ka and Dur, respectively) and

for Vc/F (CV = 69%). A bit lower 11V was estimated for CL/F = 49% but remains relatively high.

Two covariates (dose and body weight) were identified as significant parameters of PK variability.

a) Non -linearity was identified on CL/F, which decreased with increasing dose. This leads to greater

than -proportional increases in selpercatinib exposure with increasing dose levels. CL/F decre ases
significantly (by around one half) from 8.3 to 4,6 L/hr when dose levels of selpercatinib increases from

20 to 240 mg. At the proposed clinical dose level of 160 mg BID, the typical value reported for CL/F is

5.9 L/hr.

b) BW was included in the final Pop PK model following allometric principles where volume parameters
increase proportionally to body weight (exponent is 1) and clearance parameters increase slightly less

than proportionally to body weight (exponent is 0.75). For illustration, CL/F incre ases by more than
50% for a BW of 107.08 kg by comparison to the typical value observed with a reference BW of 70 Kg.

In contrast, CL/F decreases by more than 30% for a BW of 45.9 kg compared to the typical CL/F value
observed with a reference BW of 70 kg. The same impact was also observed for Vd/F and Vp/F but in a
lesser degree; the relative change was +40% for a BW of 107.08 kg and -25% for a BW of 45.9 kg
compared to typical volumes values.

In general, the population typical values and covariate effects were precisely estimated (low RSE%
<10%, except for the dose covariate on CL/F where RSE was 24%). Bootstrap results were based on

954 (95%) runs out of 1000 replicates and are in good concordance with the final parameter

estimates. Low eta shrinkage was associated with CL/F (2,3%), whereas medium to high eta shrinkage
was observed for Vc/F and the absorption parameters Ka and DUR (27%, 50% and 50%, respectively).
Prediction -corrected VPC for all data ( Figure 8) suggest that the model describes well the observed
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