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Entwicklung neuer Therapeutika

Vorklinische Entwicklung Relevante Spezies?

Phase I. Ersterprobung
Im Menschen
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Viele biotechnologische Produkte sind spezies-spezifisc
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Unter biologischen Systemen sind insbesondere das
zentrale Nervensystem und das Immunsystem noch
spéat in der Entwicklung einem starken evolutionaren

Druck ausgesetzt worden



,Spate” Evolution des Immunsystems

Loss of Siglec expression on T lymphocytes during
human evolution

Dzung H. Nguyen**, Nancy Hurtado-Ziola***, Pascal Gagneux*, and Ajit Varki*s

PNAS | May 16,2006 | vol. 103 | no.20 | 7765-7770
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Zwel Signale sind fur die
T-Zellaktivierung notwendig
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Superagonistische und normale
anti CD28-Antikorper
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Superagonistische anti-CD28-AntikOrper konnen
Autoimmunerkrankungen verhindern!

Behandlung von Autoimmunerkrankungen in Ratten
« Kollagen-induzierte Artritis

« Adjuvant Arthritis

« Experimentelle autoimmune Encephalomyelitis

Selective targeting of regulatory T cells with

CD28 superagonists allows eftective therapy

of experimental autoimmune encephalomyelitis
Niklas Beyersdorf,! Stefanie Gaupp,* Karen Balbach,' Jens Schmidt,?

Klaus V. Toyka,? Chia-Huey Lin,' Thomas Hanke,> Thomas Hiinig,'
Thomas Kerkau,! and Ralf Gold*#*

JEM © The Rockefeller University Press  $8.00
Vol. 202, No. 3, August 1,2005 445-455 www.jem.org/cgifdoi/10.1084/jem.20051060
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Surrogat-Antikorper, transgene Mause, relevante Spez
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 Behandlung von 8 Freiwilligen (6
Verum, 2 Placebo) innerhalb von
2 Studen

 Nebenwirkungen (Zytoksturm)

manifestierten sich innerhalb
weniger Studen nach Behandlung

| Withing, vomiting, tearing at shirts..
they screamed their heads would burst
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Can super-antibody drugs be tamed?

As it becomesclear that the Londonclinical trial disaster wasindeed the fault of the drug itself, Michael
Hopkin looks at what went wrong and whether there is any future for 'superagonist’ antibodytherapies.

here was nowarning from
Tanim.\l tests, but last

month the experimental
antibody drug TGN1412 putsix
British men m intensive care,
The resulting investigation ruled
out any failure of experimental
and regulatory procedures — a
relief for those mvolved, but a
damaging blow for the field.
Immunologists are now left ask-
g whatwent so badly wreagin
the trial, and whether the fear-
some potency of ‘superagonist’
antibady thecapies wall outweigh
their promise.

The sixvolunteers at Loodon's
Noethwide Park Hospital wege
pecbably struck by a huge
mmmune  reacticn  called a
cytokine stoem — a flood of
inflummatory molecules released
by cells called helper T cells,
which shut down their organs in
hours (see Nzt wre 440, 338339,
2000). The UK Medical and
Healthcare products Regulatory
Agency, whih approved the
trial, annoanced kst week that it
has found no evidence of conta-
mination in the treatments,
which means the devastating
effects were almost certainly
cansed by TGN 1412 itself

With hindaght, it might be
no surpeise that the compound,
dubbed a‘superagonist antibody

by its creators, could run amok in the immune
system. Around 20 antbody therapies are cur-

Gathuring steem? Antitedy Beragesainnd atlamge swithes of e imaune
sys e mightte oo hotte handle

receptor (TCR) and the CD28 receptor. TCR
binding is specific to the antigen in question,

rently approved or neaning approval, most of  whereas CD28 binding acts more like a ‘go’
which mimic natural human antibodies switch for the T cell; both are noemally

agaret specific viruses of can-
cer-celltypes. But TGN1412is
different. It was designed to
circumvent the wual checks
and balances that prevent T
cells from overreacting in the
course of their nocmal duties,
Uaully, T cells respond to

"“With hindsight, it
might be no surprise
that the compound
could run amok in the
immu ne system

required (see graphic, over-
leaf). But the makers of
TGNI412 found a way to
switch on the CD28 green light
without TCR binding, activat-
ing Tcells acroes the board.

T celks fall mto three broad
categories: killers, which des-

elementsof the immune system.
Roughly half of killer T cells, and
virtually all helper and regula-
tory T cells, express the CD28
receplor,

When Thomas Hunig, an
immunclogist at the University
of Wirrburg and researchers at
TeGenero,the spin-off company
be co-founded to develop
TGN 1412, began testing the
antibody on animals, they und
that the drug seemed caly to
activate regulatocy Teells (Bey-
ersdocf, N et [ Exp. Mad. 202,
445455, 2005). This made it an
enticing candidate for treating
autoimmune diseases such as
theumatond arthritis and type-|
diabetes. The researchers hoped
that TGN1412 could make
immunceuppeesave cells soothe
ates of overinflammation, whilke
the rest of the immune system
carried on 2 uanl

Itis still not clear why, when
TGN 1412 affected only regula-
tory T cells in animals, the same
almost certainly did not occurin
the hurnan teial. It is likely thatin
humans the super-antibody act-
vated belper T cells en masse,
triggering a cytokine stoem.

“We were shocked and sur-
prised to see what happened in
humans,” Hunig told Natere, o
prechnical trials, monkeys got a

dose 500 imes that given to the buman volun-
teers, and the monkey CD28 receptoc is iden-
tical to the human one, says Hanig, This
means that the effects in the moakey trial
should have been comparable.

Ope posable source of the difference
between the animal and human triak is that
the ‘tail’ of the antibody molecule at the cppo-
site end from the CD28-binding site may not
be the same i humans and monkeys. Anti-

body taik can undergo a peocess called

croslinking, which amplifies an immune
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Regulatorische Aktivitaten nach dem TGN1417

April 2006:
May 2006:

May 2006:

July 2006:
July 2006:

Dec 2006:
Dec 2006:

Dec 2006:
Jan 2007:

March 2007:
Sept 2007:

Zwischenfall

MHRA publishes interim measures for mAbs (www.mhra.gov.uk)

UK Expert Scientific Group on Phase One Clinical Trials (ESGPOCT)
meets for the first time

PEI publishes potential criteria for classification of high-risk compounds
(Schneider, Kalinke, Lower (2006): TGN1412 — A Regulator‘s perspective.
Nature Biotechnology 24, 493-6.)

ESGPOCT publishes interim report
(www.dh.gov.uk)

French AFSSAPS publishes concept paper
(www.afssaps.sante.fr)

ESGPOCT publishes Final Report
PEI starts drafting an internal "high-risk IMP" SOP

PEI approves first high-risk IMPD according to new SOP
EMEA announces
CHMP guideline on First-in-Man Clinical Trials for Potential High-
Risk Medicinal Products
PEI formally implements internal SOP

Guideline on Strategies to ldentify and Mitigate Risks for First-in-
Human Clinical Trails with Investigational Medicinal Products



CORRESPONDENCE

TGN1412—a regulator’s perspective

70 the editor:
our editorial in the April kssue
hrol 24, 368 ) highlighted  the

and unexpected severe adverse ev

cal trisl of the agc
N1412 ilustrate

(mAbs).
and better

tated with

E the TGN1412 phas ate that the
predictive value of animal models requires re

g evaluation and that, in certain cases, standard
clinical profocols may need refinement or

P redesign. As researchers at the Panl-Ehrlich

Institut (PEI) in Langen—the German

ory authority that had approved a

e approved

orthwick Park

ngdom on March

in the Unit
rovide here our perspective c
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for fatare regula ~

inted with the severe acute
N1412 are suill under
Jear that the scientific and
sles for mAb development
clinical trials require re

werse responses 1o

rrwuu ry prine
and approval c
evaluation. We propose the introduction of
ew definition criterin for
the clinic to ensure that the next
of new and very potent Immuncmaodulatory
mAbs is develop
to human subject
In any drug de

healthy volunteers. Testing of healthy adults
wsually male subjects, is expected to
cible results than stuc
patients becanse disease-related
treatment-related factors can highly i
the pharmacokinetics and pharm
of the new drug ander stody and th
atfect the estimation of safety of use. In
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tencing unexpected ef
clogic therapeutics.

terference b

and can then

state. A case in point is Xolair (omalizumab),
the treatr

influenced by IgE levels in
result of these t
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studies in two species (one non-rodent) for a
minimum duration of two weeks are requined

from healthy volunteers mi,
relevance and not alws

ticn mADbs that are highly specifl
of (conformational) target
reduced therefore have

5 of action, the b

v

cynomolgus monkey were provided. Issies
were raised during the assessment procedures
and after these were satisfactorily
TeGenero, both the MHRA and PEI apy
the protocol independently. As the protocol
was approved three weeks later by the PEI
v the MHRA, TeGenero pressed ahiesd
with their phase 1 teial in the United Kisgdom
rather than Germany,
A battery of preclinical data, both on
is requested by regulators
g can proceed 1o testing in
Regulatory guidelines from the
onH
of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) and
guidedines issued by the European Comumittee

for Medicinal Prosh

of new medicines. For biologics, st

requirements are assessed on a case- by - case
basis

The requirements concerning the nature
andt f nonclinical studics with

respect to clinical trials include anticy
dusation and exposure 10 the study drug, its
characteristics, the target disease, the route
of .,.nmum. ation and the intended future
ona such as women of
g potential’. For fist sudies in
humans, the nonclinical smdies should allow
an adequate determination of dose, taking
into account nondinical pharmacokinetic,
armacological and teicological evaluations.

repeated dose toxicity

10 support a single, first human dose”, [n this

respect, the choice of an adequate nonclinical

model system is central for biclogies and

especially for mAbs. Nonclinical safety

pharmacology and toxicological studies

should be pe
d nonclinical sty

i has 0o pharma.

effect are considered irrele

not required. For mAbs,
species where a homologon
is expressed. Such hbomology should indude
not only primary structure (amino ackd
sequence homology) but also homology of
downstream and pharmacodynamic effects
and camparison of the binding affinity

of the mAb in the model species with the

entirely different fro
cally altered immune
vertheless, up 1o no

ght be of less
asily transferred

of new generatio

¢ mechanism

4 efficacy

tem of 8 healthy votunteer
that in the

ave been an integral part
ment program for many

Antigen presenting cell
signat 1 | signai2
A

lines, transgenic models expressing the human
nocels, For these last
ate mAb of animal or

iz tigen in
that particular species is tested, usually mu rine

1, in the case of TGN1412,
all of these tests failed
syste
in the six human su

First, TGNT412 & afint- fn-class’ product that
had never been tested wirrians be the

UK trial. In this light, and given the lack of
clinical precedent, it is preferable that similar
products should be studied sequentially, at
Teast for the first dose, In other words, the

putients b sestad at e samse the 3088 10
study different dosing steps within the dosing
escalation strategy,

were of insufficient predictive power to

serious adverse events in
lators thus are 1
clarif)

ical models n fisture,
the sequence homology of the drug
very high and a close evolutionary relationship
exists between the species. This is likely 10
sequire more detailed research concerning the
differences in the immune systems of human
and nonhuman primates.
4 into new indications
4 with novel biology,
regulators are likely to be increasingly
concerning the standards and
ical data required to
» proceed into human
or mAbs that stimlate

¥ hrough
rovel or show human
ecific propertics. At present, mAbs
ently (or soon to be) on the market tanget
approximatey 15 proteins (including vascular
endothelial growth factor
epidermal growth factor recep nor
necrosis factor o, CD! (I)“(IHI_‘(I
CD25, k- integrin and 1gE)'%, However, a
profusion of new targets is being explored,
srently more than
loveloped. What's
more, the next generation of mAb therapies
is likely to target highly restricted epitopes or
even subepitopes of drust tarets, for which no

the amon

es recept
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implemented 10 define high -risk mAbs thay
require extended preciinical develoy
before human testing and for which

rential phase | design might be the onfly

immune system, such as CD28 or CTLA-4;
and second, mAbs that act as inducers and/or
moslulatons of pleioteopic cytokines, i luding
pro-inflammatory and anti-inflamu
ones, such as interferon -, interferon < and
IL-10.

Criterion 2. The mAb addresses a target
that lacks appropriate anirmal modehs.
Relevant therapeutics would include the
following three antibody ty)
binding (sub)epitopes that are present only in
ans; second, mAbs for which no surro
model exists; and third, mAbs
Hrweays that show b

type of engineered structural format
wonld include the foll

ntibodies and other new const ructs.
hese high sroduscts, data obeained
sted mAb products will dlearly not
be sufficient for regulators because (aside
from class effects) each product will need 10
be assessed on # case-by-case basis. At the
same time, regnlatoes will have to balance
their concerns with practical considerations:
for example, animal models of certain mAb
targets may be extremely difficult, or even
irnpossitie, to develop, A case in point is
the difficulty of generating a mode for
bispecific antibodies with altered Fe parts
that are i ract with certain
human ¥ morphisens, At lea
ing o reality,
as monospecific mAbs with engineered Fe
parts and bi/trispecific mAbs are under
development
Tt should be emphiasized that the TGN
case, although a hy
and the

amilies, should not
conclusion that mAbs are high
er se. There are even examples
of mAbs that influence other “mastes”
switches in the immune system: products
targeting tmor necrosks factor-&, s
Remicade (infliximab), Enbrel (etanercept)
and Humira (adalinmmab), have all been
approved; others targeting CTLA-4, such

as

NAN. AND ANNC

Criterion 1. The mAb employs a new
mechanism of action. This would include
the following two antibody types: first, mAl
interfering with ‘master switches’ of the
immune system, such as CD28 or CTLA-4;
and second, mAbs that act as inducers and/
modulators of pleiotropic cytokines, incluc
pro-inflammatory and anti-inflammatory
ones, such as interferon-y, interferon-0. anc
[L-10.

Criterion 2. The mAb addresses a target
that lacks appropriate animal models.
Relevant therapeutics would include the
following three antibody types: first, mAbs
binding (sub)epitopes that are present only
humans; second, mAbs for which no surroy
model exists; and third, mAbs interfering w
signaling pathways that show human-speci
properties.

Criterion 3. The mAb comprises a new
type of engineered structural format. Thi:
would include the following two antibody

types: first, engineered Fc parts; and seconc
divalent antibodies and other new construc




Ursachenforschung

() Rezeptorbesetzung?

o Species-specifische
CD28 Sequenz?

-

TGN1412

(Iv) FC Rezeptor-vermittelte Effekte?
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Sequenzvergleich von CD28 im Menschen
und in M. fascicularis und M. mulatta

. sapiens
. fascicularis
. mulatta

. sapiens
. fascicularis
. mulatta

. sapiens
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T-Zell Aktivierung funktioniert im Affen
anders als Im Menschen
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In der Kulturschale hat TGN1412 alleine keine Wirkung!

Proliferatio



Sollte man ,die Finger® von potenten Produkten lasse

Generic Name Trade Name Structure Target
TGN 1412 - Humanized IgG4 CD28
MDX-010 - Fully human IgG1 CD152 (CTLA-4)

Ticilimumab

Fully human IgG1

CD152 (CTLA-4)

Abatacept Orenica Fusion protein with CD80/CD86 (B7.1/B7.2)
(CTLA-4-1g, BMS-188667) extracellular CTLA-4
domain
Belatacept - Higher affinity mutant of CD80/CD86 (B7.1/B7.2)
(BMS-224818) Abalacept
Muronomab OKT3 Mouse IgG2a CD3
TNX-355 - Humanized IgG4 CD4
Daclizumab Zenapax Humanized IgG2a CD25 (IL-2R)
Basiliximab Simulect Chimeric 1gG1 CD25 (IL-2R)
- Cyclosporin Cyclopeptid IL-2
- Tacrolimus Macrolide IL-2
- Rapamycin Makrozyklisches Peptid IL-2R




Konseqguenzen und Herausforderungen

* Die Relevanz eines vorklinischen Tiermodells muss intensiv hinterfragt werden.

* Nicht-humane Primaten sind nicht mehr als der “goldene Standard” anzusehen
— Gibt es ein anderes Tiermodell, das grundsatzlich eingesetzt werden kann,
sind “humanisierte Mause” daflir geeignet?

 Die Kultruschale ist kein Ersatz fur Tierexperimente!
* Falls die Relevanz eines Vorklinischen Tiermodells nicht belegt werden kann,

ISt es moglich, auch mit gering dosierten Produkten zu arbeiten — Auf welcher
Basis soll eine Dosiseskalation vorgenommen werden?
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