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SCIENTIFIC DISCUSSION

This module reflects the initial scientific discussion and scientific discussion on procedures,
which have been finalised before 1 June 2003. For scientific information on procedures after this
date please refer to module 8B.

1. Introduction

NeoSpect is a diagnostic medicinal product containing the active substance depreotide INN as_th
trifluoroacetate salt indicated for the scintigraphic imaging of suspected malignant tumours in
lung, in combination with a CT scan or chest X-ray, in patients with solitary pulmonary nodules.

NeoSpect is presented as a powder for solution for injection, as a kit for diagnostic er
reconstitution/radiolabelling with sodium pertechnetate (*™Tc) injection. On reconstitutionf teShnetium
(*™Tc) depreotide is formed, which contains within the cyclic hexapeptide domai

C

component, a pharmacophore which binds to the somatostatin receptor (SSTR) of tumo S.

Radiotracers and nuclear medicine technology may be used to detect many cancer early stages by
recognition of tumour-specific binding sites. Several types of tumour have bgen identified as exhibiting
high expression of receptors for somatostatin (SST). The SST rece t&s a membrane-adapted
glycoprotein that appears to be present in a significant number of hum enancies including both
small cell lung cancer (SCLC) and non-small cell lung cancer (N@ This hyper-expression by
tumour cells should allow differentiation between normal and can ue. After specific binding by
the peptide component of *Tc-labelled NeoSpect, selective im@gi in theory be achieved in the
standard way by means of a gamma camera, the principle ent currently in use for imaging in
nuclear medicine. \

2. Chemical, pharmaceutical and biologic, s

Composition

NeoSpect is presented as a sterile, freezé-

owder of depreotide trifluoroacetate (TFA) (47 pg) in
Sml Type I (Ph.Eur) glass vials seale ey, siliconised, butyl rubber stoppers. The product also
contains: sodium O-D-glucohept® @ydrate as a bulking agent and aid in radiolabelling; stannous
chloride dihydrate as a reducing 1sodium edetate as an aid in radiolabelling; hydrochloric acid and
sodium hydroxide for pH adj@

Active substance

Depreotide (INN) is etic 10 amino acid peptide with the chemical name cyclo(-L-homocysteinyl-
N-methyl—L—phWn -[_-tyrosyl-D-tryptophyl-L-lysyl-L-valyl), (1-17)-sulfide with
ino]-L-alanyl-L-lysyl-L-cysteinyl-L-lysine amide, trifluoroacetate salt. Its

3[(mercaptoa
structure iss
;@O-B-Dap-Lys-Cys-Lys-NHz, TFA salt

*
.
\ clo(-homocys-N—Me—]The-Tyr-D-Trp-Lys-Val)

thesis of depreotide involves solid-state synthesis of two intermediate peptides on resins. Each bound
peptide is then cleaved from the resin, deprotected and purified by preparative HPLC. The two peptide
intermediates (P334 and P802), which are checked for identity and purity, are then coupled and the
resulting peptide is deprotected to produce depreotide. Depreotide is purified by preparative HPLC and
lyophilised to produce depreotide trifluoroacetate.

Proof of structure has been demonstrated by mass spectrometry (fast atom bombardment and electrospray
ionisation), H-NMR spectroscopy (which confirms the assigned amino acid sequence and structure),
amino acid analysis (a standard technique used for analysis of peptides), elemental analysis and peptide
optical purity.

1/28 ©EMEA 2004



@Q)

The specification proposed for the active substance, depreotide trifluoroacetate, is comprehensive and has
been revised during the evaluation procedure. Several identity tests are required to conclusively
demonstrate the identity of the active substance. The specification also now includes tests and limits
(which have been justified) for: content and purity of peptide; depreotide content; trifluoroacetate content;
known and unknown peptide impurities; amino acid enantiomeric impurities; other impurities; residual
solvents (acetonitrile, dichloromethane, diethyl ether, triethylamine, trisopropylsilane and total); water
content; mass balance; bioburden limit, and endotoxin content. Further information was provided on the
toxicity of trisopropylsilane in order to justify the limit proposed. Batch analyses data have been provided
for three batches of the active substance and these demonstrate compliance with the revised specification.

A discussion of potential impurities is included. Reference is also made to published literature. Ih%
possible formation of diastereoisomers, both deletion and truncated sequences, and incom
&
dyfor

deprotection is discussed. The formation of diastereoisomers of depreotide during synthesis can

from using optically impure amino acid derivatives. The starting materials are therefore che @
optical purity. Other supporting data have indicated that the method of synthesis giluse
racemization of the amino acids. Racemization only becomes a problem in prolonge&e coupling
reactions but in the case of depreotide none of the reactions is prolonged or slow. There potential
for racemization is stated to be minimal. A test for optical rotation is therefore no @d in the drug
substance specification. @

Impurities found include:

. Two primary synthetic impurities, impurity ‘o’ and impurity @\ney are limited in the
specification at levels which have been justified by toxicology ics”

. Six primary degradation products were identified and cqded\g
Degradants ‘d’, ‘e’, ‘f”, ‘g’, have been ascribed to
individually in the specification. The degradant ‘h®ha
of depreotide and the limit of 1.0% is justified an
structure to ‘h’ have been attempted, but as
thermally degraded or base hydrolysed
identity is not possible. The primary
P1066. It has been characterised by MS, HPR.C, H-NMR and arises from oxidation of depreotide,
which probably occurs between t &f preparative HPLC purification and lyophilisation. A
limit for impurity P1066 of < 1.5%0% posed and justified.

2 ‘e’, ‘f, ‘g’, ‘h’ and P1066.

ceptable. Tentative proposals to assign a
impurity is only present in small amounts in
further determination of its structure and/or

. Additional impurities/degr: dare ‘k’, ‘q’, ‘r’, and ‘u’.

The proposed limit of NMT ‘other greatest single unknown’ impurity is supported by the batch
data presented.

Batch analyses data sented from one commercial scale batch (7g) and three pilot scale batches

(2g) used for clinic dies. All pilot batches met the initially proposed specification. As the

specification has'een reéwised during the course of the procedure, a follow-up measure is included that

further batch data be provided from future commercial scale batches in order to fully justify the
1fication now agreed.

amended

The s?a@of the active substance has been investigated (using one commercial and five pilot scale
batches)gab < -10°C with accelerated studies at 5°C + 3°C. Stress conditions included exposure to acid
, light, peroxide treatment and elevated temperatures. Results of photostability studies indicated
e drug substance must be stored protected from light. The proposed storage statement of ‘<-10°C
tected from light’ is justified, as the peptide purity of all batches monitored indicated a significant
reduction in peptide purity after 6 months when drug was stored at 5°C + 3°C. A commitment was given
to provide stability data for a further two commercial scale batches and to place one commercial scale
batch on stability trial yearly thereafter. The proposed retest period for the drug substance is 24 months
with retesting for purity immediately before use after 12 months and this has now been justified, (with the

follow-up measure described above).

Other ingredients

The excipients stannous chloride dihydrate, disodium edetate, concentrated hydrochloric acid and
sodium hydroxide comply with the corresponding current specifications of the PhEur. Water for
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injections used as a solvent in the manufacture of the product prior to its freeze drying also conforms
to the current PhEur monograph.

Non-pharmacopoeial excipients are sodium o-D-glucoheptonate dihydrate and nitrogen (which is used as
an inert atmosphere in the vials). Their quality is adequately controlled by the in house specifications.

Product development and finished product

The formulation used in the pivotal clinical trials carried a nominal label claim of 50 micrograms of
active substance per vial, instead of 47 micrograms which is currently proposed for marketing. Earlier
trials used a formulation which was modified in 1995 to improve radiochemical purity, by reducing @
the quantity of sodium a-D glucoheptonate dihydrate from 50 mg to 5 mg per vial and adding sod‘un@
edetate at 100 ug per vial. It should also be noted that clinical trial batches involved the ea
reconstitution process of incubation of the reconstituted solution at ambient room temperature. [

the procedure was modified to incubate the reconstituted product in boiling water, which re

3-5% the level of Tc non-mobile species (degradation products).

The optimal concentration of depreotide before reconstitution was investigated. It wn that
lyophilised depreotide formulated at a content in the region of 50 pg/vial@e the best
radiochemical purity over 6.5 hours post-reconstitution. %

The choice and characteristics of the chosen excipients are satisfactorily shown e appropriate for
their intended use. Sodium o -D glucoheptonate dihydrate and sodium e %ﬁ; serve as aids in radio-
labelling. As a chelating agent, edetate may compete with depreotide fm@n tium, leading to a poor
radiochemical yield of technetium depreotide. Its effect on radioc i urity (RCP) and stability
was assessed and use of 100 pg was shown to be most suitable chloride dihydrate reduces
%MT¢ from the 7+ oxidation state in pertechnetate to the 5+ o@ ate favourable for binding to
nitrogen and sulphur atoms. The quantity of this in re crucial in reducing pertechnetate,
leading to efficient formation of technetium depreotide. ewel of 50 pg vial was originally chosen as
being the most suitable, although this has been revise c& the evaluation process (see below).
Presentation of the product in a ready-to-use s orm is not feasible due to its poor aqueous
stability. Given the heat labile nature of the @ stance (a peptide), the product is sterilised by
filtration, filled aseptically (through a 0.22 um filter with relevant control of bioburden and bubble
point filter integrity testing) into pre-s m vials and then lyophilised using a well defined and
validated cycle. The bulk solution ste i@ation process results in some binding of depreotide to the
filters and as a result of this eitherqtheMabel claim had to be reduced (from the 50 pg/vial originally
proposed) or a manufacturing oyetagesddded. The applicant chose the first option, reducing the label
claim to 47 pg/vial. Given tha % clinical studies were all conducted with product containing this
quantity and in effect not ' as changed except the nominal expression of content, this is without
any material effect on th&glint€al (diagnostic) efficacy or safety of the product.

Depreotide injection constituted with sodium pertechnetate (*’"Tc) injection containing up to
50mCi (1870wat etium-99m activity.

The radioch% urity (RCP) of only 80% (by HPLC) does not adversely affect the biological
Perfoqna@ Tc-depreotide. Preparations of 80% and 95% RCP were shown to have equivalent

tumour\ ting in tumour bearing nude mice and receptor-binding values.

Phelabelling of depreotide injection with **™Tc is a critical process. The reconstituted product must be
] ed in a boiling water bath or heat block with sodium pertechnetate (**"Tc) injection in normal
@ e for 10 minutes in order to optimize the formation of technetium (*’"Tc) depreotide injection.
Development of the reconstitution process and its likely effect on the radiochemical purity and peptide
composition have been investigated with respect to incubation time, incubation temperature,
reconstitution volume, activity level stopper content and dilution. Findings regarding storage of the
reconstituted product showed that the vials should be stored upright.

Performing the labelling with sodium pertechnetate eluates from five European and three US generator
manufacturers have tested robustness of the product in clinical use. All were found to be acceptable.

The radiochemical purity of the reconstituted product stored in a polypropylene syringes for up to five
hours was found to be satisfactory (80% maintained over the five hours). No appreciable adsorption
of the drug substance to the syringe was found after 5 hours of storage.
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The reconstituted product (technetium) **"Tc-depreotide is shown to be present in two isomeric forms in
technetium depreotide injection, as the “syn” and “anti” isomers. It was found that the ratio was
consistent from lot to lot and from preparation to preparation. Satisfactory diagrams of structures are also
provided.

The specifications for the finished product have been refined during the review process and are now
satisfactory to control the quality of this product. Separate specifications are used for the kit and for the
reconstituted solution for administration. 6

For the kit - The identification testing of the peptide cation has been improved by the addition of an HPLC
test to the MS method. Likewise, an identity test ("’F NMR) has been added for the trifluoroacetate anion.
The limits for the content of depreotide (base) are 47 pg/vial + 7.5% (43 to 50 pg/vial), although this W'l%
be tightened further if data from future batches permits. The limits for the excipients, and likewise fot &
impurities/degradation products have been tightened and justified during the evaluation proceduresa e
now considered acceptable by the majority of CPMP Members. (However, see section ,
%P;Nt

conclusions on Quality.) Both pH limit and the limit for headspace oxygen (NMT 0.5%) ar ed by
batch analyses and stability data. The associated test methods in these specifica ve been
adequately validated and are acceptable for a product of this type. Batch analyses datasare'still required to
be submitted for the first two commercial batches released in Europe. @

For the reconstituted solution — The tests include determination of the radiochémical impurities (by
HPLC) for which the limits proposed have been justified. Peptide purity/im&cbs are also determined in
the reconstituted and boiled kit. The limits proposed have been suppot @‘

reference to toxicological studies.

atch analyses data and

Stability of the Product Q

Stability studies have been conducted on the product (kit) at ith an accelerated storage condition
at 5°C £+ 3°C. Storage at <-10°C is required as a result OX emical purity not meeting specification
at the elevated temperature. Stress studies involved exposure%f the product to extremes of light and heat
and these conclude that the kit is sensitive to high te o% res.

Degradation products which were typically pr@ technetium *™Tc-depreotide solution are *™Tc
“non-mobiles”, which are degradation produgts whigh are not mobile in a chromatographic sense, that is,
they remain at the baseline. These non- C&were present initially at concentrations in the region of 4-
6%, although they reached 6-8% after r@storage at room temperature. In addition *™Tc hydrophilic
impurities (" Tc-pertechnetate, (gl ptonate and edetate) were present at 3% but there was no
apparent trend for these to increage toring of the impurities species ‘k’, ‘z” and other greatest single
unknown impurity did not com Q ntil 20-23 months into the stability programme. Four time-points
were monitored either on @ aly or two monthly basis to provide information. All met the proposed

specification.
Results for P1066 W a ell within specification at 24 months. Based on the batch data presented
consideration SWbe given to tightening the specification for P1066, species ‘k’ and ‘z’ when more

experience is It should be pointed out that the main degradant P1066 is not expected to form a
complex with” . Technetium *™Tc¢ depreotide exists as two isomers - ‘syn’ and ‘anti’, and during
storage n’ isomer increases slightly. Both isomers have a high binding affinity with the
e

som ceptors. The HPLC method is used to determine both isomers.

*
a fe of 24 months, when the finished product is stored at <-10°C, was proposed. Numerous

s took place during the stability programme which included upgrades to analytical methods,

ge of radiometric detector, change to reconstitution/incubation process for the reconstituted product,

change in primary storage condition for the stability protocol, etc. Additional data were generated (during

the procedure) from approximately 24 months into the stability programme for pilot scale batches to cover

these changes. The proposed shelf life of 24 months is not yet supported, but an 18 month shelf-life could

be granted on the basis of the data provided to date, although a follow-up measure is agreed that further
data is still required from the first three commercial batches released in Europe.

As the product is to be stored at < "10°C and shipped at <+8°C a freeze-thaw cycling stability study was
performed (<710°C to +5 +3°C) and the results demonstrate that the product can withstand several freeze-
thaw cycles.
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Stability of the reconstituted product

In-use studies were carried out at ambient temperature using both TLC and HPLC methods to determine
the purity. The finished product is allowed to equilibrate to room temperature prior to reconstitution and
after reconstitution the product is stored “at ambient room temperature”. As this is not in line with the
ICH guideline on stability testing of new active substances and medicinal products, a new study at 25°C
was initiated and the results provided demonstrate that the reconstituted product is stable for 5 hours at
25°C. An additional study clearly demonstrates that the reconstituted product should not be refrigerated
prior to use. The SPC and labels include instructions to store the reconstituted solution for injection for no
more than 5 hours at 15 — 25°C, but storage in a refrigerator is not specifically contra-indicated.

&

3. Toxico-pharmacological aspects O
Pharmacodynamics

Natural somatostatin (SST) is a cyclic tetradecapeptide produced by the hypothalam & ancreas.
SST is known to modulate growth hormone release and inhibit the release of thyro@;m ‘Additional
physiologic activities include inhibition of the release of glucagon, insulin an ! In the GIT,
SST decreases intestinal absorption, blood flow and mucosal cell proliferatio@ceptors for SST
have been found in the CNS, pituitary, pancreas, and in the mucosa of GIT. Five subtypes of
human SST receptors (SSTR) have been cloned, SSTR 1-5. Some &s and their metastases
express SSTR to a greater extent than normal tissue, these includes ell lung cancer (SCLC),
non-small cell lung cancer (NSCLC), endocrine pancreatic tumo metastatic carcinoids, growth
hormone-producing pituitary adenomas, paragangliomas, phomas  (mainly Hodgkin’s),
astrocytomas and meningeomas as well as part of the colorectal Npreast and prostate cancers.

The depreotide trifluoroacetate in the Kit for the Prep 9 Technetium (*"Tc) depreotide is a
synthetic, linear tetrapeptide attached to one of the residues of a cyclic hexapeptide, which in turn
contains an amino acid sequence similar to the pr d bioactive sequence of native SST. Upon
reconstitution with Sodium Pertechnetate Tc **"nj n and heating, a co-ordination complex forms
with amino acid residues in the linear tetra%tl e Technetium (*™Tc) depreotide will bind to the

—

SSTR expressed with high density on certain tumour types, and the y-radiation emitted (with short t.;)
will aid in the scintigraphic imaging c@‘ tumours. The proposed clinical intravenous dose of

#MTc-depreotide is 47 pg (originall ally 50 pg) peptide. Since the product is a diagnostic
imaging agent, a single administfatiog ig'envisaged.

Pharmacodynamic effects rel roposed indications:

A number of studies hav bmitted which illustrate the binding of depreotide, and its syn and anti
syn/anti = 0.074) to SSTR and the use of *"Tc-depreotide in binding and

isomers (present in th

imaging studies. Q

Binding affini dies Were carried out against a variety of human tumour cell lines, tumour explants

and cloned re€e ub-types. Findings suggest that *"Tc-depreotide has the highest affinity for human

SCLC’(S 0 ation of binding sites) and NSCLC, followed by the lymphomas (50% saturation of

binding\ . Inhibition/correlation of binding by '*I-SST and '"'In-octreotide indicate the specificity of
e

9T~ otide to SSTR. In the cell lines expressing specific receptor subtypes, it was shown that

cell line NCI-H69 expressing SSTR at high density (2482 fmol/mg membrane protein) depreotide

ited '*I-SST binding with ICs; = 6.1 nM. Overall *"Tc-depreotide had high in vitro binding

capacity to human breast cancer, small cell lung tumours and lymphoma but lower binding capacity to
non-small cell lung cancer, colon and pancreatic cancer.

eg ’X reotide is specific for SSTR subtypes 2, 3, 5 and not SSTR subtypes 1 and 4. In the human

The uptake of " Tc-depreotide by rat pancreatic and human SCLC tumour xenografts was measured in
mice and rats respectively, following doses of 1.0 pg peptide/kg iv, the syn and anti isomers and different
radiochemical purities of the peptide were also tested, as was the inhibitory potential of octreotide. The
results of these studies demonstrate that slight changes in radiochemical purity have little impact on SSTR
affinity, the anti isomer has higher affinity than the syn (being approximately 6 times more potent) and
that excess octreotide inhibits this binding (74%) of both the syn and anti isomers which indicates that
both isomers have a high degree of specificity for interaction with somatostatin receptors. The results also
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support a receptor-peptide interaction as the mechanism by which *™Tc-depreotide may target
receptor-expressing carcinomas of the lung clinically. In addition, the tumour/blood and tumour/muscle
ratios and the gamma scintigraphy pictures suggest a potential for good differentiation of tumour in
clinical trials.

The pharmacodynamic testing programme has demonstrated the high affinity binding of **"Tc-depreotide
to SSTR, in vitro and in vivo and the potential of this product in the proposed indication. Many of the in
vitro studies use one point estimates to calculate Bmax and Kd due mainly to insufficient tissue being
available. Whilst this is not an ideal situation, it is accepted that a more than accurate estimation would
not have been possible in the experimental settings outlined. @

General pharmacodynamics: . 6

The binding of technetium **"Tc-depreotide to SSTR in human microvascular endothelial cell (HMVEC)
membranes from both lung and dermal tissue was estimated by single point analysis and was si

that seen with lymphoma cell lines.

A direct comparison of the effect of depreotide and SST on arginine-induced gluca & in rat
was performed. Depreotide at a dose of 1 pg/kg (1x maximal human dose, MH
MHD), does not inhibit the arginine-induced glucagon release. However, de 1
MHD suppress glucagon release, on average, by 24%. In order to obtain the harmacological
effect as SST, depreotide had to be administered at 50 x MHD. Thus, dep@de 1S clearly less potent
than SST.

The effects of the product on the CNS, cardiac and respiratory sys @not investigated in safety
pharmacology studies.

Pharmacokinetics Q

Biodistribution, metabolism and excretion of 99'“Tc@de administered intravenously were
investigated in rat, rabbit and monkey. The kinetics afd biddistribution of unlabeled (i.e. [*H]-labelled)

peptide were also investigated since more than 85% linical dose is unlabelled peptide.
Biodistribution:

Analyses capable of resolving the syn and @it isomieric forms of " Tc-depreotide were conducted using
RP-HPLC/ITLC-SG methods.

The studies in the rat suggest that depr %is rapidly cleared from the plasma and that exposures are
similar in males and females. The¥f, %ef the *H-depreotide is nearly four times and the Ty, nearly twice
that of *Tc-depreotide (6.8 v, miin and 58 vs. 34 min respectively). This is thought to be due to the
greater number of ionisab es on the *H-depreotide. This is not considered significant since *H-
depreotide was not used ig y studies. Studies were carried out at two dose levels (1 & 20 pg/kg) and
essentially equivale u@ for these key pharmacokinetic parameters are obtained using either dose.
Consistent withgthis, the#blood elimination curves for the 1 pg/kg and 20 pg/kg dose levels in male
rats are super-i able.” Based on these studies, it is concluded that the pharmacokinetic properties
are not dose-dependent.

of "Tc-de
A fu @ was carried out in rats with experimental renal dysfunction (ERD), i.e. renal ligation.
Exp%‘ o¥"Tc-depreotide was greatly increased, mainly due to a 5-fold reduction in clearance and a

ucnt high uptake into the liver and skeleton. This would suggest that elimination is primarily renal
at no secondary or compensatory excretion pathway is available.

wo additional studies six NZW rabbits (3m, 3f) and one female rhesus monkey received 1.0 [g/kg iv,
the pharmacokinetic parameters suggest similar handling of *Tc-depreotide to the rat model, i.e. rapid
distribution and clearance.

Biodistribution of *Tc-depreotide was monitored in the above studies by tissue sampling and by gamma
scintigraphy. In rats, distribution is mainly to the kidneys and urine, except in ERD where the liver is the
main target organ, distribution is largely unaffected by labelling except from a slight increase in liver
exposure. ™Tc-depreotide was also detected in the spinal and long bones as well as the bone marrow,
but was not quantified. Urinary excretion is estimated at 27%, faecal at 21%. The rabbit and monkey
showed similar distribution patterns to the rat.
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#™Tc-depreotide was incubated with human (healthy volunteer) whole blood which was subsequently
fractionated. It was found that the bulk of the **"Tc-depreotide remained in the plasma (97.27%), while
the rest (1.25%) was associated with blood cells, platelets etc.

Metabolism:

After P™Tc-depreotide was incubated in rat and human plasma, approximately 70% total peptide was
recovered, <2% in either species was parent peptide. The remainder was seen as ‘“oxidative’ products
on RP-HPLC, but no further identification was carried out.

In a study in rats (1.0-20 pg/kg iv) no metabolites were detected in the bile. In the plasma several more @
lipophilic structurally related metabolites were identified by RP-HPLC. Approximately 20% of the (105
is eliminated in the urine in four hours, and this includes several more hydrophilic species 1dent1ﬁe§

1313

RP-HPLC. The main metabolite seen on incubation of **"Tc-depreotide in rat plasma in vitro wa
detected in the plasma or urine of humans or in the plasma, bile or urine of rats. This metabg
produced by incubation of **"Tc-depreotide with rat kidney homogenate, but not with kid
with kidney homogenate treated with aprotinin. Since metabolism following in vivoyadmginis ration
accounts for <1% of the injected dose, the significance of the observed metaboli prolonged

incubation with rat plasma or with kidney homogenates is debatable

Toxicology @

The scientific literature provides ample evidence for the role of SST as a&y‘siologic mediator (and
hence for the presence of SSTR) in the rat, rabbit and man. Studies als hat SST and SSTR are
involved in similar biochemical and biological processes in these nd that the data provided
support the use of rats and rabbits as appropriate animal models %the toxic potential of **"Tc-
depreotide. é

ng/kg iv " Tc-depreotide. Some lethargy & piloer were seen immediately post-dose. Although
splenic atrophy was observed in males this wa gross or histological correlates. Low group
sizes could be the reason for the missing M%ﬂt difference in spleen weight. No significant
changes were seen in haematology, clifiical chemistry or organ weights, and there were no
macroscopic or microscopic findings. re the no-observable-effect-level (NOEL) was 1000

Single dose toxicity
In Swiss albino mice body weight was not affected u Eh days after administration of 0-300-1000

pg/kg iv ;

In NZW rabbits administered 0-, png/kg iv, some statistically significant fluctuations in clinical
chemistry parameters were note “ these were not considered biologically significant (most notably
a reduced CPK, LDH an @ ). Haematology, organ weights and macroscopic and microscopic
observations were norm: alf groups. The NOEL was 600 pg/kg iv.

These studies (cond @ according to GLP) suggest that there is no acute toxicological hazard to man
from the use of " Tc-depreotide in the proposed indication.

Repeated do ity
A serie repeated dose toxicity studies were carried out in the rat, in all cases the animals were
givens epreotide reconstituted in decayed generator eluate or a suitable control. In two studies,

fats tecelved doses of 0-30-100 pg/kg/day iv for 10 days and 14 days respectively. In a third study
&ceived doses of 0-40-100 pg/kg/day iv for 14 days. Results were similar for all three studies.
e were no drug-related deaths or changes in body weight gain. Clinical observations were normal
@apart from occasional injection site discoloration/haematoma. Some fluctuations in haematology and
clinical chemistry parameters were seen, most notably: an apparent, slight, dose related increase in
RBC, Hb and Hct in females; a slight reduction in LDH in treated males; a slight reduction in CPK
and increase in AP in treated females. A reduction in the albumin/globulin ratio and in total
cholesterol, associated with a fall in relative liver weight was seen in top dose females in the first
study only, this is thought to be drug related but was not repeatable and is therefore probably not
biologically significant. Apart from this liver weight change, all necropsy findings were within
normal parameters.
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In three studies in rabbits, the animals (6/sex/group) received 0-100-400 pg/kg/day iv for 10 or 14
days and 0-30-100 pg/kg/day iv for 14 days. Results were similar for all three studies. There were no
drug-related deaths or changes in body weight gain. Clinical observations were normal apart from
occasional injection site discoloration/haematoma. Some fluctuations in haematology and clinical
chemistry parameters were seen, most notably: an apparent, slight, an increase in RBC, Hb and Hct in

top dose females; a slight reduction in LDH in treated males; a slight reduction in CPK, SGOT and
SGPT in treated females. A reduction in the albumin/globulin ratio, associated with a fall in relative
liver weight was seen in top dose females in the second study, a lesser fall in liver weight was seen in

the third study which was not associated with reduced albumin, this is thought to be drug-related but

not biologically significant. Apart from this liver weight change, all necropsy findings were within @
normal parameters. ¢ 6

In both species small changes in RBC, Hb, Hct, CPK and albumin in females and reduced LD%}
males, occurred only at 100X MHD and are therefore not considered as clinically releva

NOEL (no-observable-effect-level) in all the studies was at least 100 times the anticipatq @ ose
of 1 ug/kg.

Genotoxicity 0\

Depreotide and *’"Tc-depreotide were not mutagenic in the bacterial reverde fhwytation assay (S.
typhimurium and E. coli WP2uvrA) or in the mammalian cell forward mufation assay (mouse
lymphoma L5178Y TK+/- cell line) in the presence or absence of metabo:;' tivation.

Furthermore, *™Tc-depreotide did not induce any genotoxic effe
micronucleus test at high doses (4 mg/kg iv).

Carcinogenicity Q

No data were submitted concerning the carcinogenic potgn "Tc-depreotide. This is considered
acceptable because the product is intended for single useNin“the clinical setting, is not mutagenic or
clastogenic and there are no structural alerts. O

ivo in the bone marrow

Reproduction toxicity Q

No studies were submitted concerninggthe p®gential reproductive toxicity of **Tc-depreotide.
However, as the administration of a radi %e to a pregnant woman would result in exposure of the
foetus to a radiation dose, a contraindji @as been included in section 4.3 of the SPC for pregnancy
and lactation. Section 4.6 of the,SRC also emphasises this contraindication and that, as it is not known
whether *™Tc-depreotide is in human milk, administration is contraindicated during
lactation.

Local tolerance and imm@ity

dy was carried out in NZW rabbits. There was no dermal erythema,
oedema, Vasculwn stion, epithelial erosion, or local leukocytic infiltration. On a scale of 1-4,

9MTc-depreoti s assigned an irritation index of +0.3 with respect to vehicle and is thus considered

The €ompatibility of 9mT¢-depreotide with human blood was tested in vitro. Anti-coagulated human

b human serum was mixed with *™Tc-depreotide to a final concentration of 2-4-fold

Xated clinical levels. There was no difference seen between vehicle and peptide, all measured

parameters (Hb, Hct, RBC, WBC, platelets, sedimentation rate, total protein) were within normal
@ranges suggesting that the product is compatible with human blood.

The local tolerability of the product, *’™Tc-depreotide, is considered adequate for the proposed
indication.

Ecotoxicity

The environmental effects of potential release are predicted to be minimal and of no concern.
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Discussion on toxico-pharmacological aspects

It was shown in both in vivo and in vitro studies that *"Tc-depreotide and both its isomers have high
affinity to various tumours and tumour cell lines expressing SSTR. It was also shown that depreotide
had higher affinity for SSTR subtypes 2, 3 and 5. The high binding affinity of *™Tc-depreotide to the
SSTR 3 may be clinically relevant since this subtype 3 appears to be over-expressed in many tumours.
Furthermore the spectrum of tumours targeted by this radio-pharmaceutical is not affected by isomer
conversion in vivo. The data demonstrate that 85% and 94% radiochemical purity *™Tc-depreotide were
equally effective in terms of somatostatin receptor affinity.

Although no safety pharmacology studies were carried out the overall data do not give rise for concerns.

No drug interaction studies have been performed, which is acceptable, considering the prop
indication.

Although there were species dependent difference in some pharmacokinetic parameters, *"Tc- de
was rapidly cleared from the blood pool (t;», from 1.6 to 2.4 min) and nearly completely{from blood
(>98%) within 4 hours in all three species investigated. Furthermore, the volum& central
compartment exceeded the estimated blood volume, and the volume of distribu@ eady state
approximated a volume in excess of the extra cellular fluid volume, indicating wyide d distribution
(particularly to the kidneys, liver and GIT). The majority of the radioactivity is eli via the urine.

Less than 2% of *Tc-depreotide binds to blood cells and plasma proﬁs and no alterations in
haematological parameters were noted.

There was evidence of the formation of more lipophilic and more @:ﬂic species, but metabolites

were not further characterised.

The compound accumulated in renally impaired animals. A the human data indicate that there is
no need to reduce the dose in renally impaired patients ( V.A), the following warning has been
included in the SPC, under Section 4.4 Special warnings and%special precautions for use “Care should be
exercised in patients with impaired renal function, dlower renal excretion and probable increase in
exposure to radioactivity.”

In single and repeat (up to 14 days) dose,toxi studies, clinically relevant toxic effects were not
observed doses up to 100 times the antici %man dose of 1 pg/kg.

No studies were submitted concernin ential reproductive toxicity of *™Tc-depreotide. Since, the
use of the product results in adniniStration of a radionuclide, contraindications for both pregnancy and
lactation has been included in th

99, . . . . .
"Tc-depreotide was not ga @ 1C in Vvitro or in vivo.

cerning the carcinogenic potential of *"Tc-depreotide. This is considered
luct is intended for single use.

No data were submittgd
acceptable because t @

99mTc—depreotig: s non#rritant in rabbits and non-antigenic in guinea pigs.

The enviro ffects of potential release are predicted to be minimal and of no concern.

The sﬁ 188, uséd in studies for Part III of the dossier represent laboratory animals of known quality and
@on@y, commonly used in pharmacological/toxicological research, which were shown to be
X o the product and indication. All pivotal safety studies were conducted according to GLP with
é eption of 10-day repeated dose toxicity studies in rats and rabbits. The scientific standards and the
ormance of these studies are sufficient to assess the toxicological effects of *Tc-depreotide in

§ laboratory animals and suggest a good safety profile for the drug’s use in man.

4. Clinical aspects

Clinical pharmacology

The Applicant conducted 5 studies in healthy volunteers and in patients with renal or hepatic
impairment:
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Study number Type of study Doses Subjects
peptide/
#mTc-depreotide
intravenous injection
Study 829-13 Phase I 50 pg peptide / 0 MBq 9 healthy volunteers
Pharmacodynamic
Study 829-10 Phase I 35-50 pg peptide / 17 healthy volunteers
Pharmacokinetic 307-400 MBq
Study 829-12 Phase I 50 pg peptide / 23, of these 12 heayh)c
Pharmacokinetic 303-566 MBq volunteers an
patient:
Studies: 829-23, Phase II 10, 20 or 50 pg peptide / 46 patie
829-22 & Optimal dose 185, 370 or 740
829-30lia | Radiation dosimetry MBgq Q 5 !
Pharmacodynamics 0

Study 829-13 evaluated the pharmacodynamic effects of unlabelled depreotidefa ctreotide on the
glucose tolerance response in 9 normal volunteers receiving 50 pg of each peptide intwévenously and after
no injection, followed by an oral glucose tolerance test. These results su, %at depreotide, does not
alter the physiological response to a glucose challenge. @

Pharmacokinetics

Study 829-10 evaluated the biodistribution, uptake and cleatanc -times in healthy volunteers
Seventeen healthy volunteers received approximately 50 ug @ ide labelled with approximately 370
MBq *™Tc. Two subjects could not be evaluated for cléarame€ or dosimetry due to incomplete data
collection and three subjects were not included in the analyse$ due to suspected errors in the analyses of
the samples. Most of the results are calculated fro@ta of 12 subjects. Serial blood samples were
collected at multiple time points post-injection hours, and urine was collected over 24 hours.
Whole body scintigraphy at 10 minutes, 1, 2, 4 and 18-24 hours post-injection was performed in order to
assess whole body biodistribution of *™Tc-dépreotide.

Blood activity levels following intrav injection exhibited a triphasic decay with a rapid decline in
radioactivity with a half-life of 3 '@ median), followed by a more gradual decline with a half-life
of 35.2 minutes (median), and a line with a half-life of 17.9 hours (median). Urinary excretion
accounted for 5.3 - 7.7% of the njected dose (ID), and the average renal clearance of radioactivity
was 0.255 ml/min/kg. The earance was calculated to be 3.89 ml/min/kg.

ed volume of distribution at steady state and volume of distribution of the
central compartment 3.12 I/kg and 0.154 l/kg, respectively. Serial scintigraphic body images
indicated the hi%:c ities (% ID) in the kidneys (13%), liver (10%), pelvic area (6.3%), and lungs
(6.12%) at 1 inttes post-injection, and during the first 24 hours relative activity in these regions
remained nstant.

The body weight-no v

aimed to evaluate the pharmacokinetics and radiation dosimetry of **"Tc-depreotide. Of 23
healthy volunteers (6 men and 6 women), 4 patients with renal impairment (2 men and 2
5 patients with hepatic impairment (4 men and 1 women) and 2 patients having lung cancer

@'men) received 50 pg peptide labelled with 555-740 MBq *™Tc intravenously. Blood and urine
p

les were collected and scintigraphic body images were obtained during the first 24 hours.
Metabolites in plasma and urine were determined by gamma-counting of the RP-HPLC separated
fractions. Plasma protein binding of *"Tc-depreotide was determined by gel exclusion column
chromatography. Antibodies at baseline and three week post-injection plasma samples was determined
by an enzyme linked immunosorbent assay (ELISA) sensitive for IgG and IgM.

Plasma radioactivity indicated triphasic decay, with mean half-life values of 4.4 minutes, 48.7 minutes
and 19.8 hours. Systemic clearance was 2.01 ml/minute/kg and renal clearance was 0.34 ml/minute/kg.
This relatively low renal clearance indicated extra-renal elimination. The volume of distribution was
large (1.5 I/kg) and exceeded total body water volume. Urinary excretion accounted for 1-18% of the
injected dose.
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Plasma protein binding and HPLC analyses of plasma and urine samples indicated that >90% of the
radioactivity eluted from the columns in fractions corresponding to the parent drug, thus little circulating
plasma radioactivity represents metabolites. The majority of radioactivity in urine also eluted in HPLC
fractions corresponded to those of the parent drug. Mean plasma protein binding was 12.1% and the
patients were comparable to healthy volunteers.

In these studies *™Tc-depreotide did not cause any generation of human IgG or IgM depreotide-specific
antibodies.

Further discussion of the impurities in the radioactive solution and their distribution to non-target organs

technetium (*Tc) depreotide administered in the human studies. However, the impurities
typically present in all preparations of technetium (*"Tc) depreotide based on release and stabili
testing performed by the applicant, suggesting that the clinical preparations would have containg
typical impurity profile for technetium (*™Tc) depreotide. Thus, while not specifically monito Q i

likely that technetium (*’™Tc) depreotide administered to clinical subjects would cm@:&: tative

was requested during the evaluation procedure. The impurities were not intentionally included in the :. @
S

impurities and the biodistribution of those impurities would have been included e dosimetry
calculations.

The sponsor has compared biodistribution of technetium (*™Tc) depreotide @e AR42]J tumor
xenograft nude mouse model) of 80% radiochemical purity by HPLC (20% urities) and 95%
radiochemical purity by HPLC (5% impurities). Both preparations met t&LT 90% radiochemical
purity limit as determined by TLC. No significant change in "’" ogical performance and
biodistribution was noted between the 80% and 95% radiochemigal\purity by HPLC preparations.
Also, in vitro studies demonstrated that both 80% and hemical purity by HPLC

preparations have equal affinity for somatostatin receptors by fefmour membrane preparations.
Thus, the presence of 20% impurities in the technetium (’ epreotide had negligible impact on
binding affinity and biodistribution in animal and in vitr .

In summary, the impurities have been present in p ations used for clinical studies for calculation
of human biodistribution of technetium (*’™Tc) dé

Dose response studies

Optimal dose, radiation dosimetry and im,

The aim of study 829-23 was to as
different doses of the peptide, 1
- either 185, 370 or 740 M

optimal dose ranges for the peptide and **"Tc. Three
ug were labelled with three different levels of radioactivity
or 20 mCi). The study was designed as a multi-centre,
randomised, and parallel goty 3 factorial design in 45 patients with clinically documented or
suspected somatostatin rgée % expressing tumours. * "Tc-depreotide images were evaluated relative
to OctresScan® imag imilar results were obtained with all doses with no safety advantages of the
lower doses. Tij‘ eptide dose labelled with 740 MBq (20 mCi) was selected as the optimal
pr

dose because 50 oviges a larger capacity to carry the radiolabel as it decays than lower doses, and
50 Mg is the dose that can be used to make a rugged kit practical for clinical use. The 740
MBq (20 m€i Tc dose was chosen because it falls within the lower end of the standard *™Tc dose

range 555-1110 MBq (15-30 mCi), was a safe dose in terms of radiation dosimetry and
e
®

photon flux necessary for Spect imaging. With a lower dose patients would have to be
or longer periods and difficulties in lying still may cause “blurred” scintigraphic images.

110

@Xion absorbed doses were calculated on the basis of blood activities, urine activities and gamma

@Q)

era data from study 829-12 after injection of *Tc-depreotide to 22 subjects (11 subjects and 11
patients (5 with liver disease, 4 with renal disease and 2 with lung cancer). The MIRD method of the
Society of Nuclear Medicine was used for absorbed dose calculations.

Only small differences, which were not significant, were seen between the estimated organ doses for
normal and diseased patients.

The biodistribution of total activity at 10 minutes post-injection showed the highest values for the
abdomen (59%). The highest values were for the liver (15.3%) and kidneys (7.4% in left and 8.2% in
right), and the lowest for the thyroid (0.4-0.8%). A range of 3.5-5.8% was associated with the lungs.
During the 24 hours post-injection period, activity remained nearly constant in these regions. Tissue
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distribution of *™Tc-depreotide in renally or hepatically impaired patients or in patients with lung cancer
was similar to the tissue distribution seen in healthy subjects although the numbers of patients were
limited. The cumulative urinary excretion was in the range of 4.2% to 22.7% with an average value for
urinary excretion of 10.4%. The mean overall elimination half-life was 5.1hr (0.5-15.6hr).

The highest organ doses were calculated for the kidneys (0.090 mGy/MBq), the spleen (0.042
mGy/MBq) and the testes (0.031 mGy/MBq). The dose estimates for all other organs were lower than
0.03 mGy/MBgq. The effective dose equivalent was 0.023 mSv/MBgq.

The average maximum uptake in the testes was estimated to be 1.3% ID. Activity was taken up and

modest dose of 0.021 mGy/MBq with large inter-individual variation.

O

retained in the marrow in all subjects with a substantial bone marrow residence time (2.82 hours), bu%@

23
During the evaluation procedure, comparative data for conventional CT, spiral CT and NeoSpect %
ion

presented. The results are shown in Table 1. The proposed indication for NeoSpect is scin@h

imaging of suspected malignant SPNs in combination with CT scan or chest X-ray.
dose from NeoSpect alone does not appear to pose a safety risk for radiation-induced mjury, to*tissues

1 ithin the
ivg¥approach to

and following the addition of the radiation dose from a CT scan, the risk still re
accepted limits. Using spiral CT instead of conventional CT may be an alt
keeping the radiation dose to a minimum.

Table 1.  Comparison of Radiation Doses to Tissues from NeoSpect,Qest T, and Spiral CT
Scans

Estimated Absorbed Estimated % Estimated Absorbed
Radiation Dose from | RadiatiorfDosefi Radiation Dose from
T
y)

740 MBq NeoSpect @ Spiral CT
(mGy) \ (mGy)*
Tissue
Lungs 10 19.2 -244 10-16
[Bone Marrow 16 3.95-5.79 33-4.7
IBreast 1’ 23.5-27.1 9.7-14
[Thyroid 18w 1.93 -3.06 23-52
>The estimated absorbed radiatio r breast is ~0.001 mGy/MBq

(data for breast not included,im\I'able 2).
*Data extracted from Expe nt, attachment 4 “Organ doses in spiral CT of the chest”.

*Dependent on the actua cation in the lower part of the collum area.
In study 829-22 the imagj was of no consequence for image quality in 13/26 patients with lung
cancer while images ob % etween 30 mins — 2 hours after injection were optimal in all the other
13 patients. Most imagesjconsidered optimal by the investigator were obtained between 3 and 5 hours

after injection iﬁy 29-3011a.

In conclusio s in healthy volunteers and in patients demonstrated that technetium (*’"Tc)
depreotid s 3-compartment pharmacokinetics with a distribution half-life of less than 5
minut& erminal half-life of about 20 hours and a steady state volume of distribution of 1.5-3 L/kg.
Totm ce averaged 2-4 ml/min/kg while renal clearance averaged about 0.3ml/min/kg and thus

igraphy showed highest localisation of radioactivity in the abdomen (in the liver and kidneys) but

did not appear to affect the imaging capacity of technetium (*"Tc) depreotide for the lungs. The
visualisation of lung cancer lesions by scintigraphy is based on higher tumour uptake relative to
normal lung tissue i.e., background. This would result in a higher radiation dose to the normal lung in
patients however the absorbed dose calculation (0.014 mSv/MBq) does not suggest any burden.

Ea?xt for only a small proportion of the rapid blood clearance. External whole-body gamma

The overall mean elimination half-life for Technetium (**"Tc) depreotide calculated from dosimetric
data was 5.1 hours.

A statistically significant difference for total clearance between men and women was seen in study
829-12, although as this resulted from one high value it is not considered to be clinically relevant.
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Tissue distribution of technetium (*™Tc) depreotide in patients with impaired renal or hepatic
function, or in lung cancer patients, was not appreciably different from that observed in healthy
subjects although the smaller numbers of patients in the specific groups precluded adequate statistical

evaluation.

Typically >90% of the plasma radioactivity corresponds to the parent drug with absence of

metabolites. Plasma protein binding of technetium (*’"Tc) depreotide was about 12%.

Using ELISA sensitive for IgG and IgM, no antibodies were detected (single injections in 18

volunteers and more than one injection in 13 of these).

Q

The clinical pharmacology of *™Tc-depreotide has been adequately studied. Appropriate spegia%@

precautions have been included in the SPC for renal and hepatic impairment.
Clinical efficacy
The clinical trials were performed according to GCP standards.

Main studies

Study Type of Doses No. of patients W design
number study peptide/
#nTe depreotide @
intravenous inj.
ref e comparator |evaluation of
99mT N
Q depreotide
N images
Study non- 50ug / 13, 12 p3 histopatho- | FDG-PET investigator
829-30Ila | controlled, 592-814 MBq | with N& logy read
phase II, O, were evalwated
SC, f‘ cacy
1 dose
safety
Study non- 30-50 141, 111 all other different |investigator
829-22 | controlled, 240-851MBq | patients were confirmato | confirmatory |read
phase II, MC, evaluated for ry diagnostic
1 dose, efficacy diagnostic | procedures
unblinded, procedures
non-R, safety 4"\
\
@
6\0\
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Study Type of Doses No. of patients Study design
number study peptide/
#mTe depreotide
intravenous inj.
reference comparator |evaluation of
method #mTe
depreotide
images £~
Study |non- 18.3-50.0ug/ | 128,112 histopatho- | CT 3 blimeeths
829-34A | controlled, 548-1103 MBq | patients were | logy 3 blinded f @.d
phase III, evaluated for readers and e\&gator
MC, efficacy investigator
1 dose, read c
comparative Q
trial, \
safety \\
Study | non- 20.0-50.0pg /| 142,114 histopatho- N 3 blinded
829-34B | controlled, 448-1214 MBq | patients were | logy blinded | readers and
phase III, evaluated for & readers and | investigator
MC, efficacy @ investigator read
1 dose, read
comparative Q
trial, Q\
safety
Study non- 18.3-50.0ug / 127 pxc\/@ histopatho- | CT 3 blinded
829-P controlled, 448-1214 MBq | from thetwo logy 3 blinded readers in
phase III, readers and presence of
MC, entioned investigator CT or chest
1 dose, stidies read conducted | X-ray
comparative \ N in the two
trial 0 above
mentioned
Q studies
Study non- ug / 117,115 FIC "In  pentre- | investigator
P829-30A | controlled -870 MBq | patients were diagnosis | otide read
phase III, evaluated for investigator 3 blinded
MC, & efficacy read readers
1 dose,Q
Study \ 12.5-50 pg / 135, 128 FIC "In  pentre- | investigator
P829-30Bg| céntrolled, 403-995 MBq |patients were | diagnosis |otide read
* t ase 111, evaluated for investigator 3 blinded
\ MC, efficacy read readers
‘\0 1 dose,
tudy Non- Histopatho 3 blinded
829-40 | controlled, logy readers in
phase III, MC presence of
CT or chest
X-ray

MC: multi centre; SC: Single centre; O; open label; R: randomised; FIC diagnosis: final institutional
clinical diagnosis;
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. The total number of patients included in the studies: 712 + 59 patients
. Patients evaluated for efficacy: 637 +49 patients
. Patients with known or suspected cancer of the lung: 348 patients

The Phase III studies 829-34A and 829-34B were identical with respect to study objectives and
enrolled together 258 patients with suspected lung cancer. Patients diagnosed with the clinically
relevant criteria of solitary pulmonary nodules (SPN) were included in the analysis presented in the 6

study 829-P
Both studies used a within-patient comparative design to evaluate the efficacy of *’"Tc-depreotide @
scintigraphy for the detection/localisation of the main presenting lesion in patients with a suspicioft @
lung cancer. The patients underwent planar imaging in multiple views as well as SPECT and (&

body imaging. Images were assessed by the investigator as well as by three independent

medicine practitioners, who were blinded to all other clinical information. All patie T
imaging performed, also assessed by three independent radiologists who were blin o all other

clinical information. The scintigraphic images were evaluated as being positive or tive for the

regions right/left upper and lower, right middle, right/left hilar and mediastin@ icacy was
evaluated by calculation of the sensitivity, specificity and agreement of *™Tc-d scintigraphy,

relative to histopathological diagnosis of the main presenting lung lesion. The'i tigator using the
histopathological results determined lesion location. The sensitivity «find specificity of *"Tc-

depreotide was compared to CT imaging, relative to histopathological d@ .
who received the *"Tc

The efficacy population comprised all patients who were enro
depreotide and successfully completed both scintigraphy and C'Lsi
available histopathological diagnosis for the main presenting régi

The normal approximation to the binomial was used to te@othesis:
0.7 wh

and for whom there was an
otal 212 patients.

ere 71t is the proportion of patients with
agreement between technetium (**™ Tc) depreotide r and histopathology results. Overall p-values
were calculated for the majority blind read an estigator read result. The value of 0.7 (rather
than the initial value of 0.8) was chosen lKaus greement rates between histopathology and CT are

Ho: 711t £0.7 versus the one-sided alternative H; : 71 @

said to be no better than 65%.

(*™ Tc) depreotide and CT was ke secondary efficacy endpoint. The sensitivity and specificity
of CT relative to histopathology; "“ culated for the main presenting lesion.

&"disease into account the negative predictive value (NPV) and the
positive predictive Valu of technetium (*’™Tc) depreotide relative to histopathology results for
the main presenting 1 ere calculated using positive and negative likelihood ratios (PLR & NLR)
so PPV & NPV were ed as follows:

PLR = sensiti%}pem icity

/specificity

Because performance of CT was a pr e@le for histopathology the comparison between technetium
P, s?

In order to take prevalence %

NLR =1
PPV = QICG x sensitivity/ (1-prevalence)(1-specificity) + (prevalence x sensitivity)

e and negative predictive values were calculated for a range of prevalence of disease that might be
cteristic of different populations being evaluated for the possibility of intra-thoracic malignancy. For
ﬁxed values of sensitivity and specificity PPV is an increasing function of prevalence and NPV is a
decreasing function of prevalence.

prevalence)(spec1ﬁ01ty)/prevalence x(1-sensitivity) +(1-prevalence)(specificity)
éﬁa

Agreement between the three ‘blind’ readers of Technetium (*™ Tc) depreotide images was evaluated
using the kappa statistic where a value of 0 indicates no agreement and 1 very good agreement.

McNemar’s test was used to compare the sensitivity and specificity of Technetium (*™

with CT for the main presenting lesion.

Tc) depreotide

The Wilcoxon Signed Rank test was used to analyse the change from pre-injection to each post-injection
time point across all patients for vital signs and laboratory tests.
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In the pivotal studies, subgroup analysis of patients presenting with SPN was performed (post-hoc).

Subgroup analysis was also performed in the pivotal studies in patients with renal or hepatic impairment
and based on demographic subdivisions of age, gender and race.

Table 2. Efficacy Results for *’"Tc-depreotide scintigraphy (from the Clinical Expert

Report)
Read Sensitivity  Specificity Agreement TP TN FP FN ALL @6
Blinded Majority . G,
Study 829-34A 82.1% 60.7% 76.8% 69 17 11 15 f ™"
Study 829-34B 85.0% 57.1% 81.6%* 85 8 6  BFWNI14
both combined 83.7% 59.5% 79.2%* 154 25 17, =30/ 226
N

Investigator \x\!
Study 829-34A 96.4% 53.6% 85.7%* 81 15 NI 3 112
Study 829-34B 97.0% 57.1% 92.1%* 97 c@aad 3 114
both combined 96.7% 54.8% 88.9%* 178 23 I/ 19 6 226

Data are presented for the main presenting lesion relative to histo@&gical results.

* p<0.05

Using histopathological diagnosis as the gold standard, sensi specificity were calculated,

showing a larger number of false negatives read for the blinb d than for the investigator.

There were 17/226 false positive cases for the blindexxe d 19/226 false positive cases for the
investigators read. The false positive cases were attribited to granulomas (n=7), sarcoid (n=3),
haematoma (n=1), inflammation (n=3), pneumoness (n=2), and fibrosis (n=1). Thirteen/17
cases, considered false positive in the blin ere also considered false positive by the

investigator read.

Agreement was defined as the perce pr correct diagnoses by *™Tc-depreotide using the
histopathological diagnosis as gold st @The agreement rate for the blind read was 79.2% and the
agreement rate for the investigatQr éas 88.9%.

Positive predictive values (PP
and 67% for the majority bli
(NPV) for the investiga
between 79 and 90%

nat CO?XSIZG of the main presenting lesion were performed with the same end points.

d e primary lesion:

e pivotal studies 829-34A & B, patients were subgrouped between patients with non-calcified
solitary pulmonary nodulus (SPN) 1-3cm diameter and non-calcified SPN < 6cm diameter.
(Calcification is usually non-malignant and it is important to see how sensitivity and specificity vary
with size.)

In study number 829-P the analyses included the same SPNe patients divided into 2 subgroups:
patients with SPN and patients with non-calcified SPN < 3cm in diameter.

The analyses show that for the blind read the pooled subgroup for patients with SPN 1-3 cm is
approximately 15% lower than that for all SPN patients. For the investigator’s read the subgroup
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sensitivity is very similar to that for all SPN. With regard to specificity, the **"Tc-depreotide
scintigraphy was very similar for both subgroups as well as for both reads.

Table 3. Efficacy results for *’"Tc-depreotide scintigraphy in patients with SPN -
Combined data from studies 829-34A and 829-34B

Read Sensitivity  Specificity Agreement T TN FP FN ALL 6

Blinded Majority Read ® &(a
‘l\J

all SPN patients 79.0% 66.7% 764% 7 18 9 (&S\D7

SPN 1-3 cm 64.8% 68.0% 65.8% 17 Q, 19 79

A\J'
SPN <6cm 76.1% 69.2% 74.9% "0 8 21 114
n»\
Investigator Read (\()
all SPN patients 96.0% 59.3% 29 9 16 11 4 127
P\
SPN 1-3 cm 94.4% 60.0% N\, 83.5% 5 17 10 3 79
SPN <6 cm 95.5% 0\#5% 87.7% 8 16 10 4 114

-
Age, gender, race and disease history: \
Agreement rate and sensitivity were G) in the two age subgroups, both for the blind read and
investigator read technetium (* %preotide results respectively. Specificity results differed
possibly because of number in @ ity (blind read 30 vs. 68.8%). Agreement rates, specificity and
sensitivity were similar for 8s=and females. There were no differences between Caucasian and
non-Caucasian patients % here was imbalance in sample size.

While the data coll o not indicate that technetium (*>™ Tc) depreotide would perform less
effectively in pﬁm impaired renal or hepatic function the numbers were small.

-depreotide scintigraphy to CT:

Comparison %

Separate comparing sensitivity and specificity for blind read *"Tc-depreotide and blind read
CT, udi istépathology as a reference method, were performed for all patients and SPN subgroups.
§en or the CT scan majority blind read was 95.7% for all lesions, and >96% for all SPN
s, whereas the corresponding sensitivity for the *"Tc-depreotide scintigraphy was
cantly lower (p < 0.05) for all SPN (solitary pulmonary nodules) subgroups. Specificity,

Qéever, was significantly lower for CT than for *™Tc-depreotide.
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Table 4. Comparison of ™ Tc-depreotide to CT (Majority Blind Read)

Sensitivity Specificity TP TN FP FN
Main presenting lesions (all patients)
9mTc-depreotide 83.7% 59.5% 154 25 17 30
CT 95.7% 4.8% 176 2 40 8
SPN Subgroup
9mTc-depreotide 79.0% 66.7% 79 18 9 2f 6
CT 97.0% 7.4% 97 2 25 \

SPN Subgroup (1-3 cm)
9 Tc-depreotide 64.8% 68.0% 35 17 19
CT 96.3% 8.0% 52 2 0 2

SPN Subgroup < 6 cm)
9mTc-depreotide 76.1% 69.2% 67 18 8 21
CT 96.6% 7.7% 97 2 25 3

#"Tc-depreotide images were read in the presence of CT scans @X-rays. CT scans were
available for all patients (n=127) but chest X-rays were not availabl 1 patients (n=116).

patients) had SPN < 3 c¢m and 39
-calcified (90%). The prevalence of
(28%) and squamous cell carcinoma

From a total of 127 patients included in the analyses, 65%
patients had SPN >3 < 6 cm. The majority of lesions
malignancy was 70% (100/127 patients) with adenocarc
(27%) being the most commonly diagnosed tumour

CT scan alone has a high sensitivity but a very Qiﬁcity. 9" depreotide scans in the presence
of CT scan resulted in high sensitivity ad% arkable rise in specificity (from 7% to 63%). The

[¢]

sensitivity and specificity of *™Tc-de tide ‘with use of chest x-rays were 97% and 73%,
respectively. The difference in specifici een CT scan alone and *"Tc-depreotide scan with CT
scan or chest x-ray, resulted in an u ifted PPV curve with fewer false positive results, when
9" c-depreotide were included Tyt nostic work-up.

The negative predictive valu Tc-depreotide in the presence of CT scan or chest x-ray is high
(between 90% and 98%) '@range of prevalences from 30-50%, indicating that a patient in this
population, with a positi& -depreotide scan with a supportive CT scan or chest x-ray, has a high
likelihood of malign

Table 5. %ac esults of blind readers: sensitivity, specificity, and agreement (relative
% istopathology) (Study 829-P)

: Sens. Spec. Agreem. TP TN FP FN Total

<
v\
\ (411'SPN:
26 CT alone 97%  74%  78% 97 2 25 3 127

9mTc-depreotide with CT 93% 63% 86.6% 83 17 10 127
9mTe-depreotide with x-ray 96.7% 73.1% 914% 8 19 7 3 116

-3

Non-calcified SPN <3cm:

CT alone 96.3% 8.0%  684% 52 2 23 2 79
9mTc-depreotide with CT 88.9% 64.0% 81.0% 48 16 9 6 79
#"T¢-depreotide with x-ray 94.2% 750% 882% 49 18 6 3 76
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The prevalence of malignancy was 79% in study 829-P. It was considered by the applicant that the
only way to ethically conduct a study in a population having a lower prevalence of malignancy was to
conduct the trial in a geographical location where granulomatous disease is prevalent, and this was
done in Phoenix, Arizona, a region where coccidioidomycosis is endemic. 30 consecutive patients
were studied (2 under the 829-22 protocol and 28 under the 829-34 protocol) with SPN referred to
herein as the “Phoenix cohort...”. Their results show that their population had a prevalence of
malignancy of only 43.3 %. Nevertheless, in that population, technetium (*"Tc) depreotide

scintigraphy had a sensitivity and specificity of 92% and 88.2% respectively.

During the evaluation procedure it was considered necessary to investigate by further study in a low @
prevalence population whether NeoSpect (*™Tc-depreotide) can reduce the need for biopsy in sugh
population, with particular reference to whether sensitivity and specificity is a function of tumour

distribution. é

An additional clinical trial (829-40) was therefore performed in the south-western US @h
Nc &

geographical region, a prevalence of malignancy similar to that observed in the Pho ohgrt was
anticipated. K

compared to histopathological results in patients presenting with an SPN of sige/less than 4 cm and
suspicious for malignancy. The study was designed to demonstrate with o power that the
diagnostic accuracy of technetium (**™Tc) depreotide scintigraphy was grea than 70%. A total of 50
to 55 patients were to be enrolled. Each patient was to receive an intr injection of 555 — 740
MBq (15-20 mCi) technetium (*’Tc) depreotide (appr0x1mately depreotide peptide). The
primary efficacy criterion was the accuracy of the technetiu epreotide scintigraphy read

Rw;&

|

In a multicenter, open-label clinical study, technetium (*™Tc) depreotide sm:t phy was to be

blindly in combination with CT scan and/or chest x- ray re e histopathologic diagnosis
(benign/malignant) for the suspicious SPN. Secondary,ef alyses were performed to evaluate
the sensitivity and specificity of technetium (99mT\ cotide scintigraphy read blindly in
combination with CT scan or chest x-ray for the_identification of malignant solitary pulmonary
nodules. Secondary analyses of sensitivity, specifn@ld accuracy according to lesion size were also

performed Q

A total of 59 patients presenting with afsuspicious solitary pulmonary nodule < 4 cm in greatest
diameter were enrolled at a total of 1 gative sites. Of these 59 patients, 49 were able for
evaluation for efficacy analysis (fulfi %ectlon criteria, completed technetium (*Tc) depreotide
imaging and histopathological @ s%‘n Of the efficacy population of 49 patients, 46 (94%)
presented with an SPN < 3 cm 2 of these were < 1 cm. The prevalence of malignancy in the
49 patients was 49% (24 patie Of the 24 patients positive for malignancy by histopathology, 11
patients (45.8%) had adg @ inoma, 4 (16.7%) had squamous cell carcinoma, 7 (29.2%) had
unspecified NSCLC and -3%) had SCLC. Fourteen of the malignancies were graded, mostly
Grade 2 (5 of 14) an of 14).

The results of Xc‘o rison of the technetium (*™Tc¢) depreotide scintigraphy read blindly in
combination scan and/or chest x-ray relative to the histopathologic diagnosis are summarised

in Tables
*
ults for All Lesions: Mean (95%CI)

Diagnostic Performance
roup Accuracy Sensitivity Specificity TP TN FP FN  Total

ajority Blind 85.7% 87.5% 84.0% 21 21 4 3 49

Read (72.1%,93.6  (66.5%,96.7  (63.1%,94.7

%) %) %)
Investigator 87.8% 91.7% 84.0% 22 21 4 2 49
Read (74.5%,94.9  (71.5%,98.5  (63.1%,94.7

%) %) %)
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Table 7. Results for Lesions < 3 cm: Mean (95%CI)

Diagnostic Performance

Subgroup Accuracy Sensitivity Specificity TP TN FP FN Total
Majority 84.8% 85.7% 84.0% 18 21 4 3 46
Blind Read (70.5%,93.2  (62.6%,96.2  (63.1%,94.7
%) %) %)
Investigator 87.0% 90.5% 84.0% 19 21 4 2 46
Read (73.0%,94.6  (68.2%,98.3  (63.1%,94.7 .
%) %) %)

Table 8. Majority Blind Read, Sample-Based Postitive and Negative Predictive V@ean

(95%CI)

Diagnostic Performance Q%
Subgroup PPV Ng
All Lesions 84.0%

(63.1%,94.7% &6.7%)
Lesions £ 3 cm 81.8% 5%

)
59.0%,94.0% o~ 66.5%,96.7%

The new clinical data from study 829-40 show that theW‘cotal of 31 patients with lesions equal
to or less than 2 cm. There were 9 true positive true negatives, 2 false positives and 2 false
negatives. Sensitivity was 81.8%, specificity 90.09 an agreement rate of 87.1%.

There were 15 patients with nodules greater thag 2 and equal to or less than 3 cm. In this group,
sensitivity was 90.0%, specificity was 60.0% and dccuracy 80.0%.

Study 829-40 confirmed that the sp c@ of technetium (*’"Tc) depreotide scintigraphy remains
high even in a population with ence of malignancy. The high negative predictive value
demonstrates that technetium epreotide scintigraphy can, with high confidence, rule out
malignancy in this population. ubgroup analysis of the patients with lesions not greater than 3
est in this population.

cm also confirms the value @
A comparison of the of the 829-40 study with the Phoenix cohort shows that the results of both
studies are similar. Q

In the 829-40 N the»3 false negatives were an adenocarcinoma (3 cm by CT), an unspecified
NSCLC (1.% y CT) and an SCLC (1.0 cm by CT). The 4 false positives were a

is, 2 cases of pneumonia and an unspecified benign lesion.

cocci%iok?
In tl@ case, although the biopsy result was reported as benign this patient underwent surgical

wedge ction of the left lower lobe nodule based on the abnormal technetium (**"Tc) depreotide
S e surgical specimen was positive for adenocarcinoma. (Because this result was obtained after
tudy database was locked, it is not accounted for in the analysis, which assumed this case to be a

se positive result).

In the 829-34 trials, the histopathologically positive cases were squamous cell carcinoma (34%),
adenocarcinoma (32%), other NSCLC (21%), SCLC (6%) and other malignancies (7%). This is
consistent with the common histological types found in patients with primary NSCLC (approximately
30% squamous cell carcinoma, 30% adenocarcinoma and 10% LCLC). Fewer SCLC cases were
included than are typically encountered in general practice (about 20%) although clinical and
preclinical data suggest that technetium (*’"Tc) depreotide scintigraphy can detect SCLC in addition
to NSCLC . It is noted that patients were enrolled in the clinical trials evaluating technetium (**"Tc)
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depreotide scintigraphy for the detection of lung cancer because there was a suspicion of lung cancer
and not because they had known or suspected neuroendocrine cancer.

Efficacy data from the new clinical trial 829-40 of 49 patients has shown that in a population with a

prevalence of malignancy of 49%, the accuracy, sensitivity and specificity of technetium (**™Tc)

depreotide scintigraphy remains high at 85.7%, 87.5% and 84% respectively with PPV of 84% and

NPV of 87.5%. In addition, the negative predictive value of technetium (*™Tc) depreotide

scintigraphy remains high in patients with an SPN of size less than 2 to 3cm. The agreement rate

between technetium (*’"Tc) depreotide scans and histology of 85.7% had a lower 95% confidence 6
limit of 72.1% which exceeded the rate of 70% specified in the protocol at the 0.05 significance level.

Although in study 829-40 it was not possible to indicate the utility of technetium (*’"Tc) depreotide
the right lower lobe (the 5 nodules detected in the right lower lobe were all benign), in the pi &
trials (829-34A & 829-34B) the false negative rate for the right lower lobe was the same as for,

lung regions. (Right lower lobe 13.5%: all other regions 13.2%) 6

Although the 829-40 protocol did not define an analysis for CT scan alone versus ‘histopathology,
some indication of the specificity of the CT (45% spiral CT and 52.7% with contrast &e obtained
from the recent data. Of the 49 patients included in the efficacy patient populati r@atients had a
CT scan performed, and all 45 patient CT scan results were abnormal. Based @eview of the 45
patient CT scan reports, the following data were obtained. These rgsultsGafe relative to the
histopathology data: {

False negative CT scan reports =3
Indeterminate CT scan reports = 24

The follow calculations are based on the patients wi@éminate CT examination:
CT scan report data alone vs. histopathology: Q
Sensitivity = TP/TP + FN = 9/9 + 3 = 9/1@’ 0

Specificity = TN/TN + FP = 1/1 + 8 = @ %
]

Accuracy = TP + TN/ TP+TN+ +® 21 =48%
PPV =53%

NPV =25% Q
It is noted that all but % were non-calcified lesions.

It appears that the spe ty reported for CT is within a wide range, probably depending on several

True positive CT scan reports =9 @
True negative CT scan reports = 1
False positive CT scan reports =8 Q

factors but over e impression is that currently CT scan even with contrast has high sensitivity but
low speciﬁci@ ability of low dose spiral CT to achieve high sensitivity and specificity for SPN
detection et been demonstrated conclusively. FDG-PET, has a high sensitivity and specificity
@tion of SPNs, with a lower radiation exposure but the technique is expensive and not
ilable throughout Europe. The general applicability of MRI for the characterization of
nknown.

rials are well designed but with a relatively small number of patients. For evaluating the
sitivity and specificity for the proposed indication of *’"Tc-depreotide scan, histopathological

‘&@diagnosis of the main presenting lesion has been defined appropriately. In study 829-40 histology was

predominantly obtained by fine needle aspiration (FNA) with 5 out of 49 patients having open
thoracotomies. Since thoracotomy is considered to be the gold standard (5-8% false negative rate
reported for FNA), it is recommended that patients with a negative FNA should be followed up
clinically. CT scan and chest X-ray are generally accepted for the primary evaluation and follow-up
of lung cancer, and as comparative methods.

Although CT scans are a very sensitive diagnostic tool for patients suspected of lung cancer, the
specificity appears to be low, so patients in most cases undergo an invasive procedure to achieve a
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final diagnosis. *’"Tc-depreotide scan in conjunction with CT scan or chest x-ray has the same high
sensitivity, but the specificity is significantly increased from 11% up to 84% (CI 63.1 - 94.7%) by
decreasing the number of false positive and increasing the number of true negatives in patients with
SPNs.

In conclusion, these studies provide evidence that *"Tc-depreotide scan may contribute in the routine
clinical setting to differentiate benign from malignant SPNs, when evaluated in conjunction with CT
scan or chest X-ray.

Supportive studies

the agreement rate between the investigator read **™Tc-depreotide results and histopatholog
respect to presence of disease. * "Tc-depreotide scans were also compared with FDG-PET res

One or more lesions were present in **™Tc-depreotide scan in all the patients. *™Tc-d tide, results
and FDG-PET results agreed in 44 lesions of a total of 54 lesions detected by either & , while 4
lesions were detected by FDG-PET only, and 6 lesions were detected by **™Tc- depr% ly.

TNM classification was identical for the two modalities in 10 of 12 cases, but mplete in both
modalities.

patients with histological proof of non-small cell lung cancer (NSCLC). The efficacy parameter Q
ith

Thus in a small selected group of patients with histological proof small cell lung cancer
(NSCLC) *™Tc-depreotide was as efficacious for imaging NSC G-PET. However, the
number of patients in this study were few and selected, and no ﬁrm sions can be drawn.

Study 829-22 was a multi-centre, non-randomised, open stud ondycted in patients having a tumour,
known or expected to express SSTR. The aim of the st to evaluate the ability of 99mTc-
depreotide to detect and localise the tumour sites and to general safety after administration of
10-50 pg peptide labelled with approximately 555 MBq *™Fc. Early and delayed planar, SPECT and
whole body imaging were performed during 3 hours @ -injection.

Efficacy was assessed by comparing the seintiggaphic results with all other clinically relevant
diagnostic and follow-up procedures (CT gbiopsy#surgery, MRI, bone scan and other) that contributed
to the patient’s disease. The investigato study centre evaluated the images.

Of a total of 141 patients included, 1
relevant parameters measured).
results were available for 26/28

e evaluated for efficacy (only these had all the clinically
tents had confirmed or suspected lung cancer and efficacy
. Scans were correlated to CT in 24 patients, biopsy/surgery in

S.

4 patients and bone scans i

The results of the 99mT tide images were in accordance with the confirmatory diagnostic
procedures in 20/26 %) patients with proven lung cancer. *Tc-depreotide images correlated
with CT scans , and provided additional information in all 6 cases were the two modalities
did not correla e

For early ed imaging performed within the 3 hours post-injection period, no appreciable
differcnoé reported. In general, the image quality was better for the delayed images (i.e. 90
i injection).

itional studies (P829-30A & P820-30B) were identical with respect to aims, study design
XOcedures, patient population, efficacy and safety assessments, and analyses. The aims of these
ies (uncontrolled and not randomised) were to evaluate the ability of *™Tc-depreotide to detect
and localise somatostatin receptor expressing neuroendocrine tumours as compared to '''In pentreotide
(OctreoScan) and to evaluate the general safety of *"Tc-depreotide scintigraphy. Blinded reads were
performed by three independent nuclear medicine physicians, and were compared to the final
institutional diagnosis (FIC), which was considered definitive.

Of the 252 patients included in the studies, 34 patients had confirmed or suspected primary
neuroendocrine lung tumours, and these patients were evaluated for efficacy. Efficacy was evaluated
by comparing the agreement rate, sensitivity and specificity of *"Tc-depreotide and '''In pentreotide
using FIC diagnosis as reference method.
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For the 34 patients the agreement rate for both blind read and (investigator read) technetium (*™ Tc)
depreotide was 79% (27/34), the sensitivity 82% (23/28) and the specificity 66% (4/6). Agreement
rate, sensitivity and specificity were all higher (not statistically different) for indium (''' In)
pentetreotide.

Discussion on clinical efficacy

The number of subjects in the pivotal studies is relatively small however these were well conducted.
The statistical methodology was changed after study commencement because a cut-off point was
chosen based upon an observed agreement rate between CT scan results and histopathology results to
be no higher than 65% as documented in the literature.

Technetium (™ Tc) depreotide images for the combined pivotal studies in patients with suspe’
lung tumours resulted in an agreement rate that was significantly higher than 70%, a figure ch@gen
because of the literature agreement rates between CT and histopathology. Sensitivity at 83 «%
less than CT and specificity at 59.5% greater than CT. While the specificity is far from ide whigh
values for both sensitivity and specificity are of limited value if the predictive value is het ‘appropriate.
The calculated PV and PPV indicate that at a disease prevalence of 30-50% a & e "Te-
depreotide scan has a high probability of correctly diagnosing non-malignancy il%yositive scan

has a lower probability of correctly predicting a malignancy. However the @v; population for
which technetium (*’"Tc) depreotide is proposed will have a higher ghan 0% prevalence of
malignancy. In a large proportion of these a negative technetium (**"Tc Qreotide scan would still
have to be followed by biopsy. @

Patients with SPN are often a diagnostic challenge. While the p @ gnce of malignancy was high
(79%) in the SPN population, in study 829-P in many reported gt aly 28-39% of resected SPNs
are malignant. In all subgroups of SPN, technetium (**"Tc), depreotide used in conjunction with chest
X-ray or CT provided improved agreement rate and SK while retaining sensitivity > 88.9%,

compared to technetium (*’"Tc) depreotide or CT alone.

Results appear to be similar to the reported resu@ FDG-PET imaging of SPN patients with a
sensitivity of 96% and a specificity of 69%. FEPG- has a high sensitivity and specificity with a
lower radiation dose than technetium (*™Tc)N\depteotide but is not widely available throughout

Europe. \

The results suggest that including tec urfl ("™Tc) depreotide in the evaluation of SPNs (in addition
to chest X-ray or CT scan) co d% e number of false positives and the number of invasive
procedures necessary to rule o ancy. There are fewer false positive results when including
technetium (**"Tc) depreotidg diagnostic work-up. A negative diagnosis would suggest that
biopsy could be withheld j @ e patients with low likelihood of malignancy and a repeat chest X-ray
or CT scan performed td4as change at an appropriate time point. It appears therefore that in the

subgroup of patients @ Ns technetium (*”"Tc) depreotide may be a useful imaging agent.
i with a prevalence of malignancy of 49%, the PPV for NeoSpect in

In a recent ch'%s i
association w% hest X-ray was 84% (CI 63.1-94.7%) for all SPNs and 81.8% for lesions equal to

or less tha e negative predictive value was 87.5% (CI 66.5-96.7%) for all lesions and 87.5%
for lesion§ e to or less than 3cm. However, histology was predominantly obtained by fine needle
aspirati NA) with 5 out of 49 patients having open thoracotomies. In view of the false negative
fate A (5-8% false negative rate reported), thoracotomy is considered to be the gold standard.

a s with a negative FNA should be followed up clinically as some FNA biopsies may give false
gative results

Clinical safety
Patient exposure

A total of 970 individuals were included in 14 clinical studies. A total of 968 of these patients were
exposed to the study agent (58 volunteers and 910 patients); two patients withdrew consent prior to
injection of **"Tc-depreotide. Most subjects received a single injection but 12 patients received 2 and
one patient 3 injections. 825 (90.8%) of subjects received the formulation intended for commercial use.
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151 patients were evaluated for safety only. (These included normal volunteers, patients with
neuroendocrine tumours, lymphoma and melanoma).

Of the 968 subjects (514 males and 454 females) exposed to the study agent 835 completed all
assessments.

The dose of the peptide was approximately 50 [g in 11 of the 14 clinical studies, whereas in 3 studies
the dose ranged from 5 to 50 pg (829-20, 829-22, 829-23). The activity of **™Tc ranged from 296-740
MBgq, but was 555-740 MBq in most of the studies.

Safety parameters assessed included exposure to the study agent, prior and concomitant medications,

adverse events, clinical laboratory tests, vital signs, immunogenicity of the study agent, and pmt%
injection observation time of 24 hours. All adverse events were coded and classified using the V\{\

ART dictionary or COSTART.

Adverse events O

There were no deaths or other serious events reported in any of the 14 clinical studies,\o atients

or healthy volunteers discontinued the study due to adverse events. :
A total of 52 subjects reported 79 adverse events. Of these 17 events were co not related to
9mTe-depreotide. The most common event was headache (8 events), nausea a rrhoea (6 events

each). The majority of all events (Table 9) were judged to be mild (57 €vents) or moderate by the
investigators.

Eight events in 4 patients (< 1%) were judged to be severe ( , backache (twice), lower
extremity pain/severe diarrhoea and abdominal pain/severe bac ache). However, all events
were judged as probably not related to administration of **"Tc-tlgpretidé.

Table 9. Incidence of Adverse Events

Olnjections

Body System / Symptom Q total n=923

\ No of events:
Body as a Whole 0 20 (2%)

Gastrointestinal 19 2%)
Central and Periph ous System 15 (<2%)
Cardiovascular 5(<1%)
Respiratory & 3(<1%)
Special SensQ 3(<1%)
Psychia\ 2 (< 1%)
Endogri 1 (<1%)
and Nutritional 1 (<1%)
o %ﬂo-skeletal 1 (< 1%)
\ let, Bleeding and Clotting 1(<1%)
¢ esistance Mechanism 1 (<1%)
Skin and Appendages 1 (<1%)
Vision 1 (<1%)
@ White Cell and RES 1(<1%)
Headache 11 (<1%)
Nausea 6 (< 1%)
Diarrhoea 6 (< 1%)
Dizziness 4 (< 1%)
Back Pain 5(<1%)
Fatigue 3 (<1%)
Vasodilatation 3 (<1%)
Vomiting 3(<1%)
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Flushing 3(<1%)
Taste Perversion 3 (<1%)
Abdominal Pain 2 (< 1%)
Chest Pain 2 (<1%)
Somnolence 2 (<1%)
Hypertension 2 (<1%)
Pain/discomfort 2 (<1%)
Pain/toothache 2 (< 1%)

)
In study 829-34A and 829-34B, 237 of 271 patients (87%) received concomitant medications, m@jﬁx

calcium channel blockers, diuretics and corticosteroids. As so few adverse events were reported
during the studies (5% or fewer of patients in any study grouping) adverse events were not sued
by specific medications.

A slightly higher incidence of adverse events was reported in subgroup patients wit al renal
and hepatic function (n = 10) compared to patients with normal function. A comparispn of specific
adverse events was not possible because of the small number of patients and eve@ 1s subgroup.

No adverse events were reported in the 13 patients (12x2 and 1x3) who recfd tiple injections.

99mTc—depreotide.

Clinical laboratory values were assessed in 11 of the 14 clinical studi

The mean changes from pre-injection (n=737 patients) to e -lpjection evaluation (at 1 hour
n=224 patients; at 2-6 hours n=552 patients and at 18-30 =674 patients) in clinical chemistry
for all parameters (i.e. alkaline phosphatase, AST, ALT} otal protein, total bilirubin, BUN and
creatinine) were small. The same were reported in mean Shanges for all hematology parameters (i.e.
haematocrit, haemoglobin, RBW, WBC, platelets). @inically significant changes were observed in
any urinary parameters as well.

Clinical laboratory values

Clinically significant changes defined ag an
directions) were found in a few patients o

Table 10.

Significant changes preinjection laboratory values (i.e., any 25% change
from the pre-in alue in both directions)

Patients

Pa

ﬁ ka;me phosphatase
T

ALT

1/661 (<1%)

3/670 (<1%)
5/670 (<1%)
2/652 (<1%)
@ Total protein 1/630 (<1%)
R Q Total bilirubin 1/667 (<1%)
BUN 4/674 (<1%)
. 0 Creatinine 0/673 (0%)
6\ Hematocrit 2/636 (<1%)
@ Haemoglobin 2/635 (<1%)
RBC 2/635 (<1%)
WBC 8/607 (1%)
Neutrophils 2/611 (<1%)
Basophils 3/617 (<1%)
Eosinophils 8/618 (1%)
Monocytes 1/619 (<1%)
Platelets 1/589 (<1%)

25/28

}% change from the pre-injection value (in both
nd these are summarised in Table 10.
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In study 829-22 it is noted that some patients with normal plasma glucose pre-injection had high
values post-injection. Patients (n = 12) with high values pre-injection rose substantially post-injection.
Some low values of glucose were recorded post-injection.

One slightly high calcium result was recorded post-injection.

Immunogenicity

Analysis of IgG and IgM demonstrated no antibodies against depreotide (study 829-12 volume
reference, study 829-13 volume reference) in 18/32 patients in whom pre- and post-injection (3 weeks)
serum was available.

Vital signs *

Systolic and diastolic blood pressures, pulse and respiration rates were assessed in 12 of 14 cli@
studies. However, none of 6 cases deemed noteworthy were considered to be associated t

administration of *™Tc-depreotide.

Discussion on clinical safety \
Assessment of safety parameters has been performed according to starfdardpecriteria for
radiopharmaceuticals, and the results indicate that no serious reactions are ¢ expected after
intravenous bolus injection of *"Tc-depreotide. The dose of technetium (**Tc) 0 mCi advocated
is not inconsiderable but compares with other, approved radiopharmaceuti&lt is thought to be safe

with no abnormally high absorption by any organ. The probability of -induced toxicity from
#MTc-depreotide is therefore not considered to be high.

5. Overall conclusions, benefit/risk assessment and r@Qdation
Quality \

The quality of this product is considered to be accepfable when used in accordance with the conditions

defined in the SPC. Physicochemical and Jbig 1 aspects relevant to the uniform clinical

performance of the product have been investigated¥and are controlled in a satisfactory way. Some

CPMP Members noted the rather high radfochentical impurity levels in the product. However, this

concern was not shared by the majority Members and the applicant has initiated further steps

to address these concerns and p% written undertaking that these concerns will be fully
e)%and

addressed (as a follow-up meas e data supplied within a specified timeframe.

further batch analyses data not raise any major concerns and would not prevent authorisation of
the product. These outsta g data will be provided post-authorisation (as follow-up measures)
within a specified ti

Although a few minor qualii @ s remain to be fully clarified, the remaining data (for example,

Preclinical pha&ac}o y and toxicology
Overall the p harmacodynamic and toxicology studies provided adequate evidence that *™TC-
depreotid appropriate properties for the intended application. Although *™Tc-depreotide is
distrib e@arious organs and tissues in the human, it is labelled with #mT¢ which has a short
hysiCal -life (6.0 hours) and emits only low/medium energy gamma photons and low-energy
d conversion electrons. The absorbed radiation doses to the various organs and tissues in the
from a 740 MBq dose of *Tc-depreotide are rather high in comparison with other, approved
@ o-pharmaceuticals, but the probability of radiation induced toxicity from **"Tc-depreotide is not

considered to be high.

The compound accumulated in renally impaired animals. Although the human data indicate that there is
no need to reduce the dose in renally impaired patients, this has been reflected in the SPC.

Efficacy

In all subgroups of SPN, technetium (*’"Tc) depreotide used in conjunction with a chest X-ray or CT
scan showed an agreement rate with histology significantly higher than 70% (P<0.05).
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The prevalence of malignancy was high (79%) in the SPN population in the pivotal studies 829-34A &
B. In most reported studies 28-39% of resected SPNs are malignant and the SPN is much less likely to
be malignant in people younger than 35 years.

An additional clinical study 829-40 has shown that, using **"Tc-depreotide in combination with an X-
ray or CT scan in a 49 patient population with a prevalence of malignancy of 49%, the accuracy,
sensitivity and specificity of technetium (*’"Tc) depreotide scintigraphy remains relatively high. The
negative predictive value of technetium (*™Tc) depreotide scintigraphy was 87.5% in patients with an
SPN of size less than 3cm. For lesions less than 3cm there was a total of 31 patients with lesions
equal to or less than 2 cm. Of these there were 9 true positives, 18 true negatives, 2 false positives and
2 false negatives. Sensitivity was 81.8%, specificity 90.0% with an agreement rate of 87.1%. Ther:
were 15 patients with nodules greater than 2 cm and equal to or less than 3 cm. In this gr
sensitivity was 90.0%, specificity was 60.0% and accuracy 80.0%. In this study histolog %
predominantly obtained by fine needle aspiration (FNA) with 5 out of 49 patients havi
thoracotomies. Since thoracotomy is considered to be the gold standard (5-8% fals refTate
reported for FNA), it is recommended that patients with a negative FNA should @ed up
clinically.

CT scan and chest X-ray are generally accepted for the primary evaluation -up of lung
cancer, and as comparative methods.

The results suggest that including technetium (*’"Tc) depreotide in the evaltation of SPNs (in addition
to chest X-ray or CT scan) could reduce the number of false positiv he number of invasive
procedures necessary to rule out malignancy.

The results presented in the initial NeoSpect application were prospective trials in which
the CT scans were performed with contrast enhancement i % of the SPN patients. Whether
contrast was used or not was at the discretion of the it. The CT scans in the 829-34 trials
were thus largely results obtained with contrast enhancemént and showed a specificity of 7%. In study
829-40 spiral CT was used in 45% of patients a ntrast was used in 52.7% of patients. The
specificity reported for CT is within a wide r mbably depending on several factors but the
currently widely accepted position of CT sca\@t it has high sensitivity but low specificity. In
addition there is insufficient evidence toﬁl e, and in particular, no controlled study showing

definitively, that spiral CT scan has a specificity and sensitivity to predict with conviction
benign vs. malignant SPNs.

FDG-PET has a sensitivity an cificity for characterization of SPNs comparable to those of
NeoSpect but with lower radiati osure.

The general applicability MRI for the characterisation of SPNs is unknown.
It appears therefore thatimghe subgroup of patients with SPNs technetium (" Tc) depreotide may be a
useful imaging age hile the dose of technetium (*™Tc) advocated (740 MBq dose) is not

inconsiderable, 1§, is t ht to be safe with no abnormally high absorption by any organ. The
proposed indi€ati for NeoSpect is scintigraphic imaging of suspected malignant SPNs in
T scan or chest X-ray. The radiation dose from NeoSpect alone does not appear to

combinati
pose as%: for radiation-induced injury to tissues. Following the addition of the radiation dose
fro scan, the risk still remains within the accepted limits. Using spiral CT instead of

ntibnal CT however the radiation dose may be kept to a minimum.

é 11 the benefit/risk ratio is positive for the use of NeoSpect for scintigraphy of solitary pulmonary
u

les (SPNs) in association with chest X-ray or CT scan.

Safety

Toxicity studies indicate a good safety profile for *"Tc-depreotide. No organ specific toxicity was
identified, the product is non-genotoxic, non-antigenic and non-irritant.

Secondary pharmacology, drug interaction, reproductive toxicity and carcinogenicity testing were not
included in the dossier, considering the proposed indication, these omissions are justified. A detailed
environmental risk assessment (ERA) was not submitted but the annual use in the EU is predicted to
be <lg *™Tc-depreotide. Predicted environmental concentrations (PECs) would therefore be well
below the action limit of 0.01 nug/L.
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Benefit/risk assessment

The chemistry and pharmacy data supporting the application for NeoSpect required supplementation
in several areas, in particular tightening of the limits in the specifications for both the active ingredient
and the finished product (both before and after reconstitution). Although the specifications have now
been amended and are satisfactory to ensure the quality of the product, some validation data remains
to be provided, but the applicant has confirmed that these data will be provided as follow-up measures.
Some Members held a divergent position on the pharmaceutical quality, in particular the high level of
radiochemical impurities. However, this concern was not shared by the majority of CPMP Members
who were of the opinion that the toxicology of these impurities was not in question bearing in mind

O

the low dose, and that there was no evidence of a negative effect on the clinical performance of‘th%@

product, as justified in Part IV. \

The safety profile *™Tc-depreotide is in accordance with that expected from pre-clinical
Adverse effects were uncommon and of mild intensity. Exposure to ionising radiation was
addressed. No major safety concerns have emerged from the clinical studies.

During the evaluation of this product there were concerns over the clinical usefulness. onal data
were provided which show that in the subgroup of patients with SPNs that *™Tc- éde may be a
useful imaging agent. In all subgroups of SPN, *™Tc-depreotide used in conju@ with a chest X-
ray or CT scan showed an agreement rate with histology significantly higheggthan %0% (P<0.05).

' FDG-PET has high sensitivity and specificity and uses a lower radiati than *™Tc-depreotide,

of suspected malignant tumours in the lung, in combination w n or chest X-ray, in patients

however it is not widely available throughout Europe.
Thus, the CPMP considered that the efficacy of NeoSpect in l@s (by scintigraphic imaging)
with solitary pulmonary nodules was acceptable.

Recommendation

Based on the CPMP review of data on quality, saf@d efficacy, the CPMP considered by majority
decision that the benefit/risk profile of Ne% the diagnosis by scintigraphic imaging of

suspected malignant tumours in the lung after titial’ detection, in combination with CT scan or chest
X-ray, in patients with solitary pulmonary§nodules, was favourable and therefore recommended the
granting of the marketing authorisation.< ’
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