fhrombosis with thrombocytopenia syndrome
iIn COVID-19 vaccines
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Accelerated vaccine development

Traditional development

Clinical trials
(5-7 years total)

p )

| BLA

Design and Process development 'NP \ : Regulatory Large-scale
exploratory preclinical, submitted - ol submitted  o\iiew by FDA, production
preclinical studies toxicology studies Phase Ill EMA etc. and distribution
(years) (2—4 years) (1-2 years) (2 years) (2-3 years) (1-2 years)
15 years
or longer
SARS-CoV-2 vaccine development
Clinical trials
(months)
v
LB LD - BT
* .
Design and Process development IND BLA Regulatory
exploratory preclinical, submitted submitted review by FDA,
preclinical studies toxicology studies EEE EMA etc.
months months > O 1-2 month
( ) ( ) 0000 (1-2 months) 10 months to
Pre-existing from Partially pre-existing Overlapping Production Review on 1.5 YOAES total
SARS-CoV and parallel clinical (at risk) arolling
and MERS-CoV development phases basis? Nature volume 586/ page5516—527 (2020)
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COVID-19 vaccine map
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1,269,544,841

vaccinated with at
least one dose

583,438,259

persons fully vaccinated

WHO update Jul 13, 2021
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COVID-19 vaccines

Astra Zeneca Adenovirus vector 76%
J&J Adenovirus vector 1 72%
Pfizer/ BNT mRNA 2 95%
Moderna mRNA 2 95%
Novavax Viral protein 2 90%
Sputnik V Adenovirus vector 2 91%
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TTS: A rare but fatal condition

e 49-year-old, nurse
e AZ COVID-19 vaccination in the middle of February, 2021
* High fever, nausea, epigastralgia since 5% day
* Hospitalized on 10t day
— Thrombocytopenia, low fibrinogen
— Very high d-dimer
— Portal vein thrombosis and pulmonary embolism
* Transfusion of platelet & heparin for thrombosis
—rapid deterioration, massive Gl bleeding
* Death on 11t day

— Cerebral venous sinus thrombosis found by autopsy
DOI- 10 1056/NEIMoa2104840
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Thrombosis with thrombocytopenia syndrome(TTS)

Vaccine Induced immune Thrombotic Thrombocytopenia (VITT)

* Mostly found after adenovirus vector-based vaccine (AZ & JJ)
* |Incidence: varied with population (around 10 per 1 million)
* Mostly happened on 5-20 days after vaccination

* Unusual site thrombosis: cerebral venous sinus thrombosis,
splanchnic venous thrombosis, etc.

 Thrombocytopenia
» Strong anti-platelet factor 4/heparin antibody

https://doi.org/10.1111/jth.15341
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Platelet immunity &

Heparin induced thrombocytopenia
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https://doi.org/10.1111/jth.140
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Heparin induced thrombocytopenia

Anti-PF4/heparin, platelet activating IgG

Platelet-derived
microparticles
(procoagulant)
4

(neutralizes

heparin)
t Thrombin generation Platelet (and
’ ’ * microparticle) —
leukocyte —
endothelial
aggregates
Hypercoagulability
state HIT-specific
thrombosis
(“white clot”)

https://doi.org/10.1111/jth.14012
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VITT/TTS reported incidence

First author/source Date of publication

Study period

Vaccine

Cumulative incidence

(95% CI) [cases per
100 000 vaccinees]

Schultz (10) 9/4/21 Unknown-
20/03/2021

Spanish Medicines 11/5/21 01/02/2021-

Agency (41) 25/04/2021

Centers for Disease 12/5/21 Unknown-

Control and 07/05/2021

Prevention (39)

Schulz (18) 13/5/21 Unknown-
14/04/2021

Medicines & 27/5/21 09/12/2020-

Healthcare 26/05/2021

products

Regulatory Agency

(48)

Chan (43) Preprint Unknown-
15/04/2021

Norway
Spain

United States of
America

Germany

United Kingdom

Norway, Denmark,
The Netherlands,
Italy, Canada, United
Kingdom, Germany,
Australia, France,
Spain

ChAdOx-1 First
ChAdOx-1 First
BNT162b2, First
Ad26.COV2S
ChAdOx-1 and First
BNT162b2
ChAdOx-1 First and
second
ChAdOx-1 First

3.8 (95% CI 1.4-9.3)

0.5

[1.3 in patients aged 30-39]
Global: 0.32 [1.2 in female
patients aged 30-39]

6.5 (95% CI 4.4-9.2)
overall;

17.9 (95% CI 11.8-26.1)
for ChAdOx1

1.4 first dose, 0.13 second
dose

0.73 (95% CI 0.43-1.23).
Age <65 years: 1.60 (95%
CI10.71-3.62),

Age 55-64 years: 0.41
(95% CI 0.1-1.65)

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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VITT/TTS risk factors

e Adenovirus vector-based COVID-19 vaccine
ChAdOx1-s (AZ) > Ad26.COV2-S (J&J)
 Middle or young age

* Pre-existing thrombosis risk factors is NOT related to either
incidence or severity

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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VITT symptoms and signs

* Symptoms and signs of thrombosis
— Severe and persistent headache/ vision changes/ seizure
— Severe and persistent abdominal pain (> 24 hr)
— Pain and swelling of legs
— Chest pain and/or shortness of breath

e Timing: within 30 days after COVID vaccination
* Combination of thrombosis and thrombocytopenia
* Screening test: platelet count, d-dimer, fibrinogen

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
https://cdn.ymaws.com/www.isth.org/resource/resmgr/ISTH_VITT_Guidance_2.pdf
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VITT/TTS diagnostic criteria-1

Classification Major criteria Minor criteria

CONFIRMED diagnosis of thrombosis by imaging study,
surgical, or pathology consistent with
thrombosis/thromboembolism in a common location:

e pulmonary arteries/veins
OR
e |imb veins

OR

e coronary arteries
OR

e  cerebral arteries

OR

e other arteries/veins

Thrombosis

OR
SUGGESTIVE thrombosis by supporting imaging or
WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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VITT/TTS diagnostic criteria-2

Classification Major criteria Minor criteria

Platelet count:
> 50 x 109/L - <150 x 109/L

Thrombocytopenia OR

>50% decrease from baseline platelet count
Laboratory (other than D-dimer > 4000 pg/L fibrinogen equivalent units (FEU)
thrombocytopenia)

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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VITT/TTS diagnosis

Level 1 Level 2
(Confirmed case) (Probable case)

Thrombosis Minor
Thrombocytopenia Minor
Laboratory MI;\OI‘
(Other than
thrombocytopenia) No laboratory

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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Simplified algorithm-1

Thrombosis Thrombocytopenia
+ Platelets <150 x 10°/L

Uncommon location Platelets <50% baseline

Cerebral venous sinus thrombosis 'I

Splanchnic thrombosis )

Multiple organs = -. B -
Common location ¥ ] 3t
Ischemic stroke

Pulmonary embolism ‘.
Myocardial infarction

Deep vein thrombosis v
WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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Simplified algorithm-2

Imaging studies available?

‘A
No
Thrombosis E
adequately < :
ruled out -
v
Confirmed : Suggestive : Possible
thrombosis i thrombosis t  thrombosis
'O\~ 1
o" b : 1
e \‘ 1 1
A ‘4 - '
1 Uncommon location 1 Common location . :
o 1 M ]
Somarty thrombocygtopema 1 Confirmed TTS | . PossibleTTS 1  Possible TTS
Platelets <50 x 10°/L | g 1 !
Mild-to-moderate thrombocytopenia : ! ) : 3 \ g
Platelets <150 x 10°/1 " : Possible TTS | Possible TTS ,  Possible TTS
' I

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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Functional platelet activation assay (control)

+Heparin(low) +Heparin(high)

+Saline
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DOI: 10.1056/NEJM0a2104882
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Functional platelet activation assay (VITT)
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DOI: 10.1056/NEJM0a2104882

Healthy plt +
VITT-1 serum
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VITT-2 serum
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Functional assay flow-based

Patient Serum plus

Patient Serum Patient Serum plus Heparin an Excess of Heparin
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A
A

VITT management

Avoid platelet transfusions - 5

In all cases other than emergency y PCR test for COVID-19
situations where surgery is strongly
indicated, thrombocytopenia is severe,
and platelet transfusion is required to be
able to proceed with emergency surgery

Avoid heparin based a = Monitor platelet count
anticoagulation TS
For individuals with TTS following '
vaccination with a COVID-19
‘i‘ 2
|

vaccine

y
§
[ SRl

Administer non-heparin %_ - e Complete

=t examinations per
~ patient

based anticoagulants !
Argatroban, bivalirudine,

fondaparinux, danaparoid, &
rivaroxaban, apixaban, dabigatran

Consider IV

= 2 B i .
. s \ﬁ Report the case
Immunoglobulins |

1 g/kg x 2 days or 0.4g/kg x 5 days : l |

WHO/2019-nCoV/TTS/2021.1 (Jul 19 2021 update)
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Successful VITT case with IVIG + steroid

IVIG + : Switch to
Prednisolone | Apixaban
oansparois | | Hllllllll b
Fibrinogen ‘,
33503- 35 60+
x10%/mm o/l mg/l D-dimer /
3004 3.0- 50 - /A
2504 2.5+
40+
2004 2.04
30+
1504 1.5+
1004 1.0- 20 Eibrinogen
104
504 0.54 Platelet count
0 - 0 - 0 T T T T . // /,—.'
Hospitalization Day 1 Day 2 Day 3 Day 4 Day 5 Day 6/Discharge
Post vaccination Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 19

doi: 10.1111/JTH.15346
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Successful VITT case-2 with TPE

Prednisone
= - = - —-_— L ] = - =21 - = - = L ] = - — L = - = ks —-_— - _ A = - = - = El = L ] = - = - *
Argatroban Apixaban
TPE TPE  TPE TPE
and and and and Fondaparinux
IVIG IVIG TPE TPE TPE IVIG IVIG VIG VI = TEEEmEmEmEmEmEme
500,000 l 1 l 1 l l l ‘
E 400,000- ] ‘
E M
= -
£ 300,000 |
§ y Platelet count
8 200,000
;‘.‘,‘ o
Y _ ‘ 2.17
E 100,000 ‘ D-Dimer
o - \ “ .
0- T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
on O @

e
Day of Hospital Stay

—50,000

~40,000

~30,000

—20,000

~10,000

p-Dimer (ug/liter FEU)

DOI: 10.1056/NEJMc2109465
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COVID-19 vaccine vs. COVID-19

CVST ( per 1,000,000 person/ 2 weeks )

COVID-19 1000000000000000000000000000000000000000 39.0(25.2-60.2)
(n=513,284)

MRNA COVID-19 vaccine @peee® 4.1 (1.1-14.9
(n=489,871)

Influenza |0.0 (0.0-22.2)
(n=172,742)

Oxford-AZ (EMA data) 5.0 (4.3-5.8)
(n=34,000,000)

0.0 10.0 20.0 30.0 40.0
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COVID-19 vaccine vs. COVID-19

Portal vein thrombosis ( per 1,000,000 person/ 2 weeks )

COVID-19
(n=513,284)

mMRNA COVID-19 vaccine
(n=489,871)

Influenza
(=172,742)

Oxford-AZ (EMA data)
(n=34,000,000)

0.0

44.9 (29.7-68.0)

98.4 (61.4-157.6)

1.6 (1.2-2.0)

100.0

200.0

300.0

400.0

436.4 (382.9-497.4)

500.0
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COVID-19 vaccine associated VITT/TTS summary

 Thrombosis + thrombocytopenia
 Mechanism is similar to HIT
* |Incidence: rare, around 10 per million

* Risk factor: adenovirus vector-based vaccine, age
Pre-existing thrombosis risk factor is not related

* High d-dimer, low fibrinogen and strong anti-PF4
 Avoid platelet transfusion/heparin/LMWH
* Treatment: IVIG, steroid, non-heparin anticoagulant, TPE



