Cytokine Storm in a first-in-man Phase 1 trial:
An on-site, pharmaceutical, major incident
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UK Six taken ill after drug trials

nd Six men remain in intensive
nd care after being takenill

es during a clinical drugs trial in S
north-west London.

ith The healthy volunteers were
testing an anti-inflammatory
drug at a research unit based
at Northwick Park Hospital
when they suffered a reaction. o _ .. . _,
) Morthwick Pa
bay  Relatives are with the patients, who suffer
failure. Two men are said to be critically ill
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London NHS Trust



TeGenero

« March 13t 2006 clinical trial

— Phase 1 study of a novel moAB
— first-into-man
— healthy male volunteers

— randomised
— placebo-controlled
— double-blinded

Imperial College The North West London Hospitals
London NHS Trust




TGN1412

h

* Recombinant, humanized, anti-CD28
superagonist monoclonal antibody

—

* Intended to stimulate T, cells,
modulate inflammatory response

Imperial College The North West London Hospitals
London NHS Trust
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TGN 1412

Humanized superagonist anti-CD28 monocional
antibody (TeGenero AG)
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TGN1412
infusion
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somatic
symptoms

T + 50 mins
(30 — 60 min)

systemic
inflammatory
response

PAREXEL.

T + 60 mins
(50 - 90 min)

transient
improvement
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T + 6-8 hours
type 1 resp
failure, pt 1
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Initial Rx
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lab results

patient 6

T+8h ;
WS “Mmsor |

T+ 10-12 hrs

ICU transfer,
organ support

Rx immune
modulation
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N Engl J Med 2006;355:1018-28
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Table 1. Data for All Six Affected Patients on Transfer to the Intensive Care Unit (ICU).*

Characteristic Patient No.
1 2 3 B 5 6
Age (yr) 24 34 31 19 28 20
Weight (kg) 68.9 843 81.8 721 88.5 82.4
TGN1412 dose (mg) 6.8 84 8.2 7.2 8.8 8.2
Transfer to critical care (hr after dose) 15.5 16.0 16.0 16.0 16.0 12.0
APACHE Il score on transfery 8 10 11 18 20 18
Bilateral pulmonary infiltrates:: - - e s 4 s
Duration of abnormalities on chest 7 6 8 >5 6 7
radiography (days)
Hemodynamics on transfer
Blood pressure (mm Hg) 120/50 124/79 107/42 98/40 95/40 80/64
Heart rate (beats/min) 125 103 116 120 105 140
LVEF on echocardiogram (%) 50-55 70 60 50-55
Pa0,:F10, 395.5 @ 329.5 3213
Base deficit (mmol/liter) 65 -5.8
Lactate (mmol/liter)§ 6
Urinary output (ml/hr) 20 30 30 45
P/F ratio 34.9 (11.2- 53.7) kPa
N Engl J Med 2006;355:1018-28
lactate 5.1 (3.1 to 6.0) mmol/L
base deficit -6.2 (-5.1 to -10.3) mmol/L
Imperial College The North West London Hospitals

London NHS Trust



Table 2. Median Results of Blood Tests for the Six Patients before Infusion and 8 and 16 Hours after Infusion of TGN1412.*

Blood Level of Constituent Independent Clinical Trials Unit Intensive Care Unit
8 Hours 16 Hours
Before Infusion  after Infusion Normal Range after Infusion ~ Normal Range

Creatinine (umol/liter)

Median 30 128 — 0 —

Range 74-89 106-195 66-112 125325 62-115
Urea (mmol/liter)

Median 4.8 6.4 —

Range 3.6-6.0 6.1-7.6 1.7-83 7.3=7. 3.2-74

Prothrombin time (sec)
Median 11.2 14.2 - -

Range 10.5-11.7 13.1-19.5 10.0-12.0 19.5-33.2 11.5-16.0
Activated partial-thromboplastin time (sec)

Median NA NA — 43.5 -

Range 40.1-61.9 26.0-38.0
Fibrinogen (g/liter)

Median NA 1.47 e 1.69 -

Range 0.66-1.75 1.50-4.00 0.99-1.98 2.00-4.50

p-dimer (ng/ml)

Median NA NA _ @ _
13564575 0-250

Range

Imperial College The North West London Hospitals
London NHS Trust




By 12-16 hours

« Established
— Pulmonary injury
— Hemodynamic instability
— Acute kidney injury
— Coagulopathy
— Lymphopenia & monocytopenia
— Lactic acidosis

Imperial College The North West London Hospitals
London NHS Trust




Clinical management

 Immune modulation

— methylprednisolone 1g tds (- tailing dose)
— daclizumab (IL-2 receptor antagonist)
— ranitidine, chlorpheniramine

ZENAPAX" T
(Daclizumab) N
Sterile Concentrate m
NOC 0703-0051-01 ¢ Injection .
lotate Suspees (5 mg/mL) :
TforWuse & e iBz _E
1L Single Desa Vial No US sfandard < g % E E
btrasynovial aed St CAUTION: Feder s <552 o3
Immed dispensing witht Zi gi g"; :
| Il 1 Vial ¢ 2§ S

Imperial College

The North West London Hospitals
London NHS Trust




Mrl/

Clinical management =
r

9.
O
e organ support & management of SIRS ﬁ

— haemodynamic resuscitation
— protective lung ventilation (2 pts), CPAP (4 pts)
— high volume haemofiltration (6 pts)

O-Q

— tight glucose control (?valid)
— rhAPC considered but rejected

Imperial College The North West London Hospitals
London NHS Trust




Key difficulties, decisions &
ethics

« Unpredictable effects

« Unpredictable severity

* Unknown kinetics in humans
9

 Admit as a cohort?

 Treat as a cohort ?

Imperial College The North West London Hospitals
London NHS Trust
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Pulmonary resolution

Imperial College The North West London Hospitals
London NHS Trust




TGNI1412 infusion

Headache, rigors, lumbar myalgia Epiphenomena: desquamation, difficulties

L ¥ ) :
' with concentration, calf myalgia
Hypotension, tachycardia
Fever, lymphopenia, monocytopenia ——------ -I
First corticosteroid dose — Leukocyte recovery _|

Transient improvement : :
P I— Increasing ALT, thrombocytosis —

: Multiorgan failure (Patient &)

'— Multiorgan failure (Patient 5) —|

Multiorgan

— failure

(Patients 1-4)
yYy vy 7 P
T e 1 I I | JC. 3 W FUR P R I SR PRy R S o | I I 1
0 3 6 9 12 15 18 21 24 2 3 4 5 6 7 8 9 10 15 20 25 30

Hours after Infusion Days after Infusion
I Phase 1: Cytokine storm ---I
| Phase 2:Reactive’ e oo .l
I Phase 3: Recovery ~ ------- -I
| Phase 4: Steady state

Figure 1. Summary Timeline of the Main Events after Infusion of TGN1412.

The course is divided into four phases: cytokine storm, reactive, recovery, and steady state. ALT denotes alanine
aminotransferase. Dashed lines represent the responses of Patients 5 and 6 (who were the most seriously ill).

Imperial College The North West London Hospitals
London NHS Trust




Imperial
London

Outcome

All six patients survived

Full resolution of pulmonary
Injury and renal failure

1 pt peripheral necrosis

Prolonged haematological/
Immunological recovery

College The North West London Hospitals
NHS Trust
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Intended effect

TGN1412

Inhibitory (IL-4, 10)

International Immunology, Vol. 17, No. 1, pp. 1-14
doi:10.1093/intimm/dxh 186

Imperial College The North West London Hospitals
London NHS Trust




Intended effect

TGN1412

—p |L-4

— |L-5, 9,13..

International Immunology, Vol. 17, No. 1, pp. 1-14
doi:10.1093/intimm/dxh 186
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Intended effect

TGN1412

—p |L-4

— |L-5, 9,13..

International Immunology, Vol. 17, No. 1, pp. 1-14
doi:10.1093/intimm/dxh 186
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? Actual effect

TGN1412

\ — IL-10

—p |L-4

— |L-5, 9,13..

International Immunology, Vol. 17, No. 1, pp. 1-14
doi:10.1093/intimm/dxh 186
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Why different iIn humans?

 Humanized antibody

« Naive lab animals vs. real-world
humans: memory cells

 Different molecular target in
Immune system

Imperial College The North West London Hospitals
London NHS Trust




Managing the incident

Northwick Park
&
St. Marks Hospitals

Maternity Drop Off Onlv
Main £'  ance
Accide S Emergen

Q

GETTY IMAGES
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Unusual aspects of TGN1412 incident

 ‘Chemical’ incident

* Internal incident

* Novel agent, empirical Rx
« Single-site story for media

* Immediate global consequences

for trial conduct

Imperial College The North West London Hospitals
London NHS Trust




However.

« NoO contamination issues
 No staff health issues

« Clear identification of agent

Imperial College The North West London Hospitals
London NHS Trust




Challenge 1 — physical capacity

Imperial College The North West London Hospitals
NHS Trust




e Space

» Staff
* Equipment
Imperial College The North West London Hospitals

London NHS Trust
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Staffing strategy

o Staff:
*»» Cross-skilled

% ICU nursing ratio flexed

% Assigned by role not patient
*»» Deliberate decision to limit call-in

¢ Sustainable numbers for ‘the day after’

The North West London Hospitals

NHS Trust




Phasing of patient moves
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North West London Critical Care Network m

The Royal National Orthopaedic Hospital

Harefield Hospital |
@\ Morthwick Park Hospital

Central Middlesex Hospital

Hillingdon Hammersmith Hospital

Hospital —I

|7| 5t Mary's Hospital

b,
@l— The Cromwell Hospital

Royal Brompton
Hospital

Chelsea & Westminster
Hospital

-~ r Charing Cross Hospital

West Middlesex Hospital

Ealing Hospital Trust



Fate

of moved (non-TGN1412)

patients

- g Source of Admission : : Transfer Transfer ITU Hospital

Patient | Location Referral Date Diagnosis Date Destination Outcome Outcome
Elective - for HDU -
A HDU Theatre 1310312006 ohservation post Fem- | 13/03/2006 | Ward - Internal survived Survived
distal hypass vein graft

B ITU Ward 200212006 | DRSS af';?“ﬁgsp"am”’ 14/03/2006 | ITU- External | Survived | Survived

c ITU Theatre 04/0312006 | DRSS afg?lﬁgsp"am”’ 1310312006 | Ward- Internal | Survived Died

D ITU Irf‘tﬁlrzn:eul 0710312006 Post Respiratory Arrest | 14/03/2006 ITU - External Survived Survived

A&E - Sodium Valproate i :
E ITU External 12/03/2006 Sarines 1450352006 ITU - External Survived Survived
F A&E Ir?t?rzn-al 13/03r2006 Status Epilepticus 1310372006 ITU - External Survived Survived

Table 1. Outcomes of patients transferred in ICU mobilisation process

®

The North West London Hospitals

NHS Trust

Critical Care Network m ‘é

Morth West London




Key physical capacity decisions
« Admit and treat as cohort
« Use of Recovery, limited call-in

 Phased evacuation of other ICU patients

« Deferred, major clinical team activation
« Continued elective theatre activity

« Activation of Trust management systems

Imperial College The North West London Hospitals
London NHS Trust




Challenge 2:
Management of uncertainty

« Unpredictable effects
« Unpredictable severity

e IR . -
 Unknown kinetics in humans = .
1
L
4 - -
Imperial College The North West London Hospitals

London NHS Trust



severity

4

L

O

time

Imperial College The North West London Hospitals
London NHS Trust




Challenge 2:

« Unpredictable effects

« Unpredictable severity

* Unknown kinetics in humans
+>

« Ethical issues:

 Admit as a cohort?

 Treat as a cohort ?

« Ethics of sampling (off-study)

Imperial College The North West London Hospitals
London NHS Trust




Challenge 3 —
Information management
and decision-making

Imperial College The North West London Hospitals
London NHS Trust




Challenge 3 —
Information management
and decision-making

Imperial College The North West London Hospitals
London NHS Trust




Intensive Care Med. 2001 May;27(5):865-72.

The impact of organisational change on outcome in an
Intensive care unit in the United Kingdom.

Baldock G, Foley P, Brett S.

Crit Care Med. 2001 Apr;29(4):753-8

Intensive care unit physician staffing is associated with
decreased length of stay, hospital cost, and complications
after esophageal resection.

Dimick JB, Pronovost PJ, Heitmiller RF, Lipsett PA

Imperial College The North West London Hospitals
NHS Trust




Documentation

(of all patients affected, including outward transfers)

Imperial College The North West London Hospitals
London NHS Trust




Challenge 4 - communications

Imperial College The North West London Hospitals
London NHS Trust




Drug trial creates 'Elephant Man’

(CNN, March 16, 2006)

Drug trial man's 'brain on fire'

'Tighter M%‘ﬂmﬁ%f Tevent
Elgdr%%ﬂﬁgﬁﬂ%ﬂ%%%r

ALL FINGERSANR TOES

(Mirror, June 26, 2006)

Imperial College The North West London Hospitals
NHS Trust



Particular media challenges

« Operational disruption

* Therapeutic rapport
— Patient and family

« Confidentiality
— Breaches of privacy
— Patients identifiable in media

» Legitimate public interest
— Accurate information vs. rumour
— Implications for trial regulation

Imperial College The North West London Hospitals
London NHS Trust




Particular media challenges

« Operational disruption

* Therapeutic rapport
— Patient and family

« Confidentiality
— Breaches of privacy
— Patients identifiable in media

» Legitimate public interest
— Accurate information vs. rumour
— Implications for trial regulation

Imperial College The North West London Hospitals
London NHS Trust




Media strategy

e Press room

- Active regular accurate §
briefing <

« “Credible source”

Imperial College The North West London Hospitals
ﬁ lon NHS Trust
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Media strategy

e Press room

» Active regular accurate
briefing

« “Credible source”

 Pooled interviews

« Control the message,
keep confidentiality

Imperial College The North West London Hospitals
ﬁ lon NHS Trust



Challenge 5: disclosure, reporting

Imperial College The North West London Hospitals
London NHS Trust




‘Duty to inform’
Regulatory consequences
Privacy

Data ownership
Intellectual property

Defamation risk

Imperial College
London
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Cytokine Storm in a Phase 1 Trial of the
Anti-CD28 Monoclonal Antibody TGN1412

Ganesh Suntharaingam, F.R.CA,, Meghan R. Perry, M.R.CP,
StephenWard, F.R.CA, Stephen |. Brett, MO, Andrew Castello F.R
Michael O. Brunner, F.RC A, and Micki Panoskaksis M.0, Ph.D.

SUMMARY

Six healthy young malevobartesrs at a contract reseanch organization were sl lsd
im the first phase 1 clinical erial of"TGN1412, @ novel soperagonist ang- CO28 mono-
clonal antibody that dirsctly stimalates Teells. Within 90 minates after receiing a
single intravenons dass of thee drag, all siv vaklortesrs had a systemic inflammatory
responsz characterizsd by 3 mpidindsction of pranflammatary oytakices and sccom-
panizd by beadache, myalgias, nassea, diarches, erythema, vasodilatation, and by po-
tension, Within 12 e5 16 hoars after infasion, they became cricically ll, with palmanary
infltrates and lang iopary, renal Gailire, and disseminated intorvascalar coagalado.
Zevere and unempercted depletion of mphocy tes and monocyess cccarredwithin 24
bioars after infasion, All siv patients wers transterned to the care of the aathors at
an. ineensive cane aoit af 3 pablic hospital, where they received intensive cardiopal
monary sappett (inclading diakysis), high-dose methy lprednisalone, and an ano-
imterlmakin-2 recepeor antagonist antibody. Prolong=d cardiovascalar shock and
acute respiratory distress syndrame developsd in two padients, who reguired inten-
sive ogan sapport for & and 16 daps. Disspies avidenoe of the mukiple cptokine relsase
symdrome, all sx patimts survivsd. Diocamentation of the clinical coarss sccarring
ower the 30 days after infosion affers insight inta the systemic inflammateey re-
spons= syndrome in the abeence of contaminating pathogens, sndotomin, orandae-
Iying digzase,

B MARCH 13, 2008, EIGHT HEALTHY MALE ¥OLUNTEERS PARTICIPATED
im a doable-blind, randomized, plazebo-controlled phase 1stady of the sabe
ty of TGN1412 { TeGen=m], a novel monockonal antibedy. The stady drag is

a recombinantly expresssd, humanized saperagonist ant-C02E moncckmnal anti-

bady of the [ghds subdass that stimulates and expands T celks ind=pendently of

the ligation of the ‘Fosll receptar.! In contrast to other antibodiss in clinical wsear

im dinical trizks, TGN1412 dirsctly stimalates the immune respons=in visa. [n pre-

climical models, the stimalation of COMB wich TGNIML2 for with mucme-antibody

counterparts] prefrentially aovated aod scpanded oy pe 1 helper T cells® and, in par-
tizalar, CO4+CD25+ regalatory T cells, resaling in transient mphocytosis wich no
dztectable tovic or prainflammatory effets!

O the day of the tral, six of the sight vounteers received TGN1412 and two
received placebo. Subsequently, the six volontess in the treatment group, who
had maltiorgan failore with an snlmown mechanism and an snprediceable se
weriry, were all admitted to the on-site cridical cam onit at Mocchwick Park and

B ODNIL| M JUEC WWAMERLTAZ  IFTEMEENY 10cE

WAL "l:ljul::."]’\hES-i EUNTHARML NG WD on Sepbember 20, 2006
mssachusatis Medical Society. Al rights mesarsed.

The N

orth West London Hospitals NH S
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Aftermath

« Legal/complaints
— TGN1412 patients
— patients who were moved

Regulating Medic_ines &
Medical Devices in the U

* Regulatory
— MHRA
— Expert Scientific Group on Phase 1 Trials
— Royal Statistical Society
— EMEA, ABPI

Imperial College The North West London Hospitals
London NHS Trust




Biological/biotech agents

Adverse effect profiles of new chemical entities
(NCE) vs novel biologics

NCE Biologics
Molecule small large
size
Organ Off-target On-target
effects
Imperial College The North West London Hospitals

NHS Trust



Biological/biotech agents

MHRA phase 1 trial approvals since Sept 2004

Patients Healthy
volunteers
Chemical 82 842
Biological/ |26 66
biotech
Hoffmann-La Roche Ltd., Basel, Switzerland
Imperial College The North West London Hospitals

London NHS Trust



Contract Research — growth
area
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Key points

« Recognition of an evolving situation as a major incident

« Unusual aspects — novel agent, internal incident, complex
scientific, ethical, clinical issues

* Huge external interest (academic, regulatory, governmental,
commercial)

« Deviations from normal practice: task-based nursing, stable
patients transferred, triumvirate on-call, expert panel

* “The incident worked because the Unit works” (ITU-Recovery);
alded by good neighbours/Network

Imperial College The North West London Hospitals
London NHS Trust
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Drugs trial men 'are improving'
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Drugs trial pair out of hospital
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Two more drug trial men sent home

& Printable version

Two more men have been

allowed home from hospital,
two weeks after collapsing in St,
pain during a clinical drugs
trial in north-west London.

Six men suffered agonising
spasms shortly after being
injected at a research unit on
13 March. T

Northwick Park

They had had an inflammatory response to the drug TGN1412.

The North West London Hospitals

NHS Trust
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