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Platelet Factor4 (PF4, CXCL4)

Platelet a-granules

X

X

« Mainly exists as tetramers
 Highly positively charged

« Can pair with another protein to
form heterodimers

* Function:
- Coagulation (Heparan sulfate)
- Inflammation and wound repair (IL8)
« Immune defense (CXCR4, pathogen)
- Anti-angiogenesis (VEGF)

+



t L PF4 tetramer

Not all anti-PF4 antibodies cause HIT: Type 1 Anti-PF4 antibodies (non-pathogenic, non-platelet activating)
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Heparin-dependent antibody
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“HIT-like antibodies”
“Type 2 Anti-PF4 antibodies”

Heparin-dependent antigen site ~_
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% Classic HIT



PF4/heparin/IgG Immune Complex

Ultra-large
multimolecular complex



PF4/heparin/IgG Immune Complex

Ultra-large
multimolecular complex




FcyRlla Binding and Pancellular Activation

% Classic HIT
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c PF4/1gG Immune Complex

+

Heparin-dependent antigen sites

Heparin-independent antibody -~ I

“VITT antibodies”
“VITT-like antibodies”
“Type 3 Anti-PF4 antibodies”

Heparin-dependent antibody

“HIT antibodies”
“HIT-like antibodies”
“Type 2 Anti-PF4 antibodies”

< Autoimmune HIT
s Spontaneous HIT



Anti-PF4 Antibodies

Thrombosis risk

PF4 tetramer

No thrombosis.

 VITT
“+ Spontaneous VITT

“VITT antibodies” o
“VITT-like antibodies” >90%

B LA <l “aHIT antibodies”

No thrombocytop

s Spontaneous HIT

“HIT antibodies” 30 - 50%
“HIT-like antibodies”

% Classic HIT
“cHIT antibodies”

<1%

enia.



HIT antibodies vs. VITT antibodies: Similarities and Differences

HIT antibodies
Heparin dependent

VITT antibodies

Heparin independent

Pathogenicity

Type of immune response

Persistence

Binds to FcRylla on platelets = platelet activation and clearance
* Pancellular activation (monocytes, neutrophils, endothelium)

Secondary immune response, I1gG class
Transient (Platelet-activating: HIT Ab 6 wk, VITT Ab 18 wk)

Trigger

Binding site on PF4
Binding forces to PF4
Clonality

Frequency

Thrombosis risk

Disorders

Heparin or polyanion
North and south poles
Lower (60 — 100 pN)
Polyclonal
Rare (0.1 — 10%)

High (30-50%)
VTE, arterial

Classic HIT, aHIT, spHIT

Vaccines, adenovirus, paraprotein
Equator (heparin binding site)
Stronger (>100 pN)
Monoclonal or oligoclonal
Ultra-rare (0.0005% - 0.002%)

Ultra high (>90%)
CVST, splanchnic, multiple sites
VTE, arterial

VITT, SpVITT, aHIT, spHIT
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Laboratory Testing for Anti-PF4 Antibodies

Screening/ Immunoassays:
Detection of anti-PF4/heparin antibodies

Confirmatory/ Functional assays:
Determine if antibodies are pathogenic (platelet activating)



Laboratory Testing for Anti-PF4 Antibodies: Screening

Screening/ Immunoassays:
Detection of anti-PF4/heparin antibodies HIT antibodies VITT antibodie

EIA (ELISA) Sensitivity

lgG-specific or
poly-specific >99% >99%

(I8GAM) Strongly positive



Laboratory Testing for Anti-PF4 Antibodies: Screening

Screening/ Immunoassays:
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Laboratory Testing for Anti-PF4 Antibodies: Screening

Screening/ Immunoassays:

Detection of anti-PF4/heparin antibodies HIT antibodies VITT antibodie

EIA (ELISA) Sensitivity
et >999% >99%
(I8GAM) Strongly positive
Rapid immunoassays 5959 ~459%
~95% <5%
~90% ~10%
~95% <5%

CLIA — Anti-PF4 (2023) ~30% 595%



Laboratory Testing for Anti-PF4 Antibodies: Confirm

Confirmatory/ Functional assays:

Determine if antibodies are pathogenic (platelet activating)

Serotonin release assay (SRA)

Heparin-induced platelet activation (HIPA)
Platelet aggregometry

P-selectin expression assay (PEA)

—>| No heparin (0 U/mL)

Therapeutic-dose heparin
(0.1-0.3 IU/mL)

Measurement of
% platelet activation

—>{ High-dose heparin (100 IU/mL)




Laboratory Testing for Anti-PF4 Antibodies: Confirm

PF4 enhanced test:
0 M sensitivity to
Confirmatory/ Functional assays: >95%

Determine if antibodies are pathogenic (platelet activating)

Sensitivity to >50%

Sensitivity to >95%

+

HIT antibodies HIT antibodies VITT antibodies VITT antibodies



HIT antibodies vs. VITT antibodies:

Laboratory tests

HIT antibodies
Heparin dependent

VITT antibodies

Heparin independent

Rapid immunoassay

EIA (ELISA)

Platelet activation tests
No heparin

Therapeutic dose

High dose

PF4/H +
(New rapid anti-PF4 assays -/+)

+, moderate to strong
(Fluid phase PF4/H+, PF4 -)

PF4/H -/ +
(New rapid anti-PF4 assays +)

+, strong ODs
Fluid phase PF/H-, PF4 ++)

-/+ (increased with PF4 addition)

-/+ (may show inhibiting effect of
heparin)
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The Spectrum of Anti-PF4 Disorders

Anti-PF4 Disorders

Thrombocytopenia

Thrombosis Platelet-activating

anti-PF4 antibodies
(via FcyRlla)



The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT

« Triggers: heparin,
1973 LMWH, polyanions

Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux

2001

= Heparin dependent

= Heparin independent

Non-heparin triggered

Anti-PF4 Disorders

Spontaneous HIT

« Triggers: total knee
arthroplasty, infection

Thrombocytopenia

2008
VITT
« Trigger: adenovirus
2021 vector vaccines
Spontaneous VITT
Thrombosis Platelet-activating * Triggers: adenovirus
anti-PF4 antibodies Infection, chronic
(via FcyRlla) 2022 autoimmune

disorder, MGTS



The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT
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i « Triggers: heparin, !
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i

1973 LMWH, polyanions
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Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux
2001

= Heparin dependent = Heparin independent

Non-heparin triggered

Anti-PF4 Disorders

Spontaneous HIT

« Triggers: total knee
arthroplasty, infection

Thrombocytopenia

2008
VITT
« Trigger: adenovirus

2021 vector vaccines
Spontaneous VITT

Thrombosis Platelet-activating * Triggers: adenovirus
anti-PF4 antibodies Infection, chronic
(via FcyRlla) 2022 autoimmune

disorder, MGTS



Classic HIT

 Antibody pathogenicity requires the presence of heparin

« Thrombocytopenia should only occur if the patient continues to
receive heparin and should resolve quickly upon stopping heparin.

Trigger: heparin or polyanions

2507  Typical onset of HIT Rapid onset of HIT

Platelet count fall began on Abrupt fall in platelet count from 179 to 49x109/L

day 6 of heparin treatment with repeat use of heparin (day 30)
__200-
<
Q@
S 150 Platelet count nadir
X 7 on day 11 (60x10°/L)
-.E
3
O 1 00 '
©
£ 50- Unfractionated heparin:
o 10,000 U/day 5,000 U bolus

(subcutaneous plus intravenous
UFH injections) infusion
0 = ) ) L} L} ] T ] L} L} L} T T

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Days after Starting Heparin

4Ts score



Classic HIT

 Antibody pathogenicity requires the presence of heparin

« Thrombocytopenia should only occur if the patient continues to
receive heparin and should resolve quickly upon stopping heparin.

Trigger: heparin or polyanions Thrombosis rate

2507  Typical onset of HIT Rapid onset of HIT 30 -50%

Platelet count fall began on Abrupt fall in platelet count from 179 to 49x109/L

200 day 6 of heparin treatment with repeat use of heparin (day 30)
°§ Venous > arterial (4:1)
- Platelet t nadi
x 150+ on day 11 (60x10°/L) DVT (lower) 40-50%
‘g PE 25%

100- . °
O Arterial 10-15% (Limb > stroke > Ml)
[T}
T ; in: -29
§ 50- ‘%0 lLJJ/r;fractlonated heparin: Adrenal 1-2%

' 5,000 U bol 1c 1-99,
UFH (spt_)cutaneg{xs plus intrm SplaCth 1-2%
0 : m;eg:tlons') : —_— mfuswr: — : : CVST 1%

2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 .« e o . . o
Days after Starting Heparin Injection site necrosis 1%

4Ts score Multiple <10%




The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT

« Triggers: heparin,

1973 LMWH, polyanions
T |
| Autoimmune HIT |
: . Triggers: heparin, |
! LMWH, fondaparinux |
1 2001 i

= Heparin dependent = Heparin independent

Non-heparin triggered

Anti-PF4 Disorders

Spontaneous HIT

« Triggers: total knee
arthroplasty, infection

Thrombocytopenia

2008
VITT
« Trigger: adenovirus

2021 vector vaccines
Spontaneous VITT

Thrombosis Platelet-activating * Triggers: adenovirus
anti-PF4 antibodies Infection, chronic
(via FcyRlla) 2022 autoimmune

disorder, MGTS



Autoimmune HIT (aHIT)

Proximate heparin exposure but....

? Severity .
? Trigger

? Onset &
persistence
of LPLT



Autoimmune HIT (aHIT)

Proximate heparin exposure but....

« High frequency of thrombosis
(~90%)

? Severity . » DAL
? Trigger + Arterial

« Microvascular thrombosis & DIC

« Variable, often severe
thrombocytopenia (<20 x 10°/L)

? Onset &
persistence
of LPLT



Clinical Picture of Autoimmune HIT

+ = aHIT antibodies

Serotonin-release assay (SRA)

UFH (U/mL) 0O 01 03 100
Percentrelease 78 87 88 0

« Heparin cessation is not
sufficient to interrupt aHIT-
induced platelet activation

 High-dose IVIg is indicated

« Plasma exchange if IVIig
ineffective



The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT

« Triggers: heparin,
1973 LMWH, polyanions

Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux

2001

= Heparin dependent

= Heparin independent

Anti-PF4 Disorders | ik
1 |
|
Thrombocytopenia : Spoptaneous HIT :
: - Triggers: total knee
! arthroplasty, infection |
1 2008 I
L o o o e e e e |
VITT
« Trigger: adenovirus
2021 vector vaccines
Spontaneous VITT
Thrombosis Platelet-activating - Triggers: adenovirus
anti-PF4 antibodies Infection, chronic
(via FcyRlla) 2022 autoimmune

disorder, MGTS



Spontaneous HIT (SpHIT)

* First reported in 2008
 No proximate heparin exposure (non-heparin triggers)

Surgical patients Medical patients

Post-knee arthroplasty Post-infection

» 24 cases reported (Frequency ~ 1in 300,000) Thrombosis rate - 15 cases reported (virus & gram negative
bacteria infection)

° - o

Onset 5-10 days after TKA — - High frequency of stroke (ischemic 20%
« Female predominance (70%) and CVST 40%)

Severe .

« 100% thrombosis thrombocytopenia » Rapid-onset spontaneous HIT syndrome

. DVT/PE 80% <20 x 10°/L  DNA, RNA, lipopolysaccharide, GAGs

« Adrenal vein thrombosis " .
(hemorrhage/necrosis) 50% Id |Opath [ o

« Arterial 13% (limb > stroke)

« No identifiable trigger

Chondroitin sulfate, polyanions (RNA,
DNA) released in bolus after
tourniquet use

« Associated with IgG monoclonal
gammopathy






October 2021
* A 68-year-old woman
« POD 12 after TKA
« No heparin exposure



The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT

« Triggers: heparin,
1973 LMWH, polyanions

Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux

2001

= Heparin dependent

= Heparin independent

Anti-PF4 Disorders

Thrombocytopenia

Thrombosis Platelet-activating

anti-PF4 antibodies
(via FcyRlla)

Non-heparin triggered

Spontaneous HIT

« Triggers: total knee
arthroplasty, infection

2008
T T I
i VITT |
: - Trigger: adenovirus |
| 2021 vector vaccines !

Spontaneous VITT

« Triggers: adenovirus
infection, chronic
2022 autoimmune
disorder, MGTS
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March 2021 Two case series published in NEJM, N =16

B Platelet-Activation Assays in 24 Patients with Clinical VITT
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* Previously healthy, young individuals

« Severe thrombosis in unusual sites

 7-10 days after vaccination

« Thrombocytopenia and high D-dimer
« High level of PF4/H antibodies

« Addition of PF4 enhanced the detectability in platelet activation tests

« Inhibition of platelet activation with heparin
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March 2021 Two case series published in NEJM, N =16

B Platelet-Activation Assays in 24 Patients with Clinical VITT
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« Severe thrombosis in unusual sites

Thrombocytopenia and high D-dimer
) « High level of PF4/H antibodies

« Addition of PF4 enhanced the detectability in platelet activation tests

« Inhibition of platelet activation with heparin
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Vaccine-induced Immune Thrombocytopenia
with Thrombosis (VITT)

CVST  Splanchnic vein Multiple sites
50% 20% 30%
5 —-30 days
>
Trigger: Adenoviral vector vaccine
ChAdOx1 nCoV-19 (1: 25,000)
Ad26.COV2.S (1: 250,000)
« Median platelet 47 x 10°/L (range 6 — 344)
« 1/3 had platelet <30 x 10°/L at nadir
D-dimer Fibrinogen 4 VITT antibodies Mortality rate 20 - 40%

™1t Heparin independent



The Spectrum of Anti-PF4 Disorders

Heparin triggered

Classic HIT

« Triggers: heparin,

1973 LMWH, polyanions
Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux
2001

= Heparin dependent = Heparin independent

Non-heparin triggered

Anti-PF4 Disorders

Spontaneous HIT

« Triggers: total knee
arthroplasty, infection

Thrombocytopenia

2008

VITT

« Trigger: adenovirus
vector vaccines

Spontaneous VITT
Triggers: adenovirus
infection, chronic

autoimmune
disorder, MGTS

Thrombosis Platelet-activating

anti-PF4 antibodies

F
|
|
I [
|
|
|
(via FcyRIla) :
|
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Thrombosis/thrombocytopenia
without vaccine or heparin
exposure, pre-COVID era (n=9)



Thrombosis/thrombocytopenia
without vaccine or heparin

exposure, pre-COVID era (n=9)

VITT-like disorders

« Stroke/CVST

« Elevated D-dimer

o VITT-like
antibodies

VITT antibodies

Heparin independent



Spontaneous VITT syndromes

New clinic-pathological entity in 2023

VITT-like syndromes (acute & chronic) D-dimer Fibrinogen
VITT-like disorders LU 2
Anti-PF4 disorders, VITT-like

Reported triggers
« Infection

. 1 ~50% > . .

Adenovirus (~50%), CMV VITT antibodies
» Vaccines: HPV Heparin independent
- Paraproteinemia (MGTS) » ELISA Strongly +
« Chronic autoimmune disease * HIPA-[+
- PIPA +

Similar to VITT

No proximate heparin/vaccine exposures . )
P P P « Life-threatening

« Unusual site (CVST, SpVT)

« Multiple sites
« DIC




Adenovirus-associated VITT-like 58-year-old
Syndromes woman

NEJM, August 2023
(N=2)

NE)JM, November 2023
(N=1)

Haematologica, 2024
(N=1)



Clusters of post-adenoviral infection VITT-like syndromes in children

« Greece: 3 cases in 3 months (2023)
November 2024 « USA: 3 cases in 7 months (2015 - 2016)
(N=6) * Previously healthy children (age 3 - 8)

* Presentation: acute symptomatic CVST,
multiple site DVT

« Thrombocytopenia, elevated D-dimer,
low fibrinogen

 Recent respiratory infection (3/6
adenovirus)

« 4/6 heterozygous FVL/FIl mutations
 Positive anti-PF4 antibodies (ELISA)

« Treatment included IVIg, fondaparinux,
and enoxaparin



Chronic Prothrombotic Anti-PF-4 Disorders

Reported C - ic di
9 Reported Cases - Chronic prothrombotic disorders

« Anticoagulant-refractory thromboses
 Intermittent thrombocytopenia

« Persistent VITT-like antibodies (> 3 mo)
* 8/9 reported cases: M-protein detected
« M-protein = VITT-like antibodies

* Low levels of M-protein (<0.1- 0.3 g/dL)

* Potential treatments
. IVIg
* Inhibition of FcyRIla pathway: Ibrutinib

« Plasma cell-directed therapy: Daratumumab,
DVd

Anti-PF4 antibodies and testing for M proteins (SPEP/IF) may be indicated in unexplained chronic prothrombotic disorders



VITT-like Monoclonal Gammopathy

with Thrombotic Significance (MGTS) A #6-year-old man

4 years duration

>



Chronic Autoimmune
Anti-PF4 Disorder

A 37 year-old female

Hx of recurrent DVTs & PE

Multiple microembolic strokes
Heterozygous FVL

No detectable M-protein or APS-Ab

Persistent-platelet activating anti-PF4
antibodies

Rescue therapy with ibrutinib with
clinical and laboratory responses, but
still persistent anti-PF4 antibodies




- A female neonate born to a 35-yo mother with history of low normal platelet (150k), history
of PE receiving LMWH prophylaxis, and 1gGk MGUS

CVST with hemorrhagic
infarction

4 Plt 32,000 /mL
JFibrinogen 1.08 mg/dL
1 D-dimer 12900 ng/L

Transplacental transfer of
anti-PF4 antibodies



Treatment of Anti-PF4 Disorders

Management of Thrombosis

« Organ-based management & consultation

« Cryoprecipitate if low fibrinogen

« Avoid platelet transfusion (unless critical bleeding)
« Vitamin K antagonists are contraindicated

Anticoagulants: Non-heparin anticoagulants

« Fondaparinux, FXa inhibitors
« Heparin in VITT-like disorders?

Inhibition of anti-PF4-induced platelet
activation via FcyRlla

Monitoring of response

» Platelet count
« D-dimer, fibrinogen
« EIAODs

* High-dose IVig - Platelet activation (% at UFH 0 1U/mL)

1g/kg x 2 days, with the 3" dose if suboptimal response
« Plasma exchange in |VIg-refractory

« Steroids (esp CVST), rituximab?

« |brutinib (as rescue therapy)

« Plasma cell-directed therapies in MGTS



Classic HIT

Autoimmune HIT

Spontaneous HIT

Spontaneous VITT

__ Trigger UFH, LMWH,
polyanions
Anti-PF4 antibody Type 2
Timing after 5 - 10 days, still on
exposure heparin
Thrombocytopenia  Mild to moderate,

rapid recovery
after stopping
heparin

UFH, LMWH,
polyanions,
fondaparinux

Type 2 & 3

Onset,
persistence, or
worsen at 5- 10
days after
stopping heparin,
heparin flush, or
fondaparinux.
Severe HIT with
DIC

Variable, often
severe (<20 x 10%)
or persistent

Orthopedic
surgery, infection

No proximate
heparin/vaccine
exposures

Type 2 & 3

5-10 days

Variable, often
severe (<20 x 109)
or persistent

Adenoviral vector
vaccines

Type 3

5-30 days

Variable, often
severe (<20 x 10%)
or persistent

Adenovirus
infection, Non-
adenoviral vector
vaccine, MGTS,
chronic

No proximate
heparin/vaccine
exposures
Type 3

1-4 days after
infection

Variable, often
severe (<20 x 109)
or persistent




Classic HIT Autoimmune HIT  Spontaneous HIT Spontaneous VITT

— Thrombosis risk 30-50% 95% 95% 95% 95% —
Thrombosis Venous : arterial = DVT, PE DVT, PE DVT, PE DVT, PE
4:1 Arterial Unusual sites Arterial Arterial
DVT, PE Microvascular Adrenal vein Unusual sites Unusual sites
(Post-TKA) Multiple sites Multiple sites
CVST/stroke (Med)
DIC Rare Often
D-dimer Increased Markedly increased
Rapid Positive Positive Positive Negative Negative
immunoassays
(PF4/H)
Rapid Negative (mostly)  Positive Positive Positive Positive
immunoassays (PF4)
EIA Positive, moderate Strongly positive
to strong
Platelet-activation  Positive Positive Positive Positive Positive
test Enhanced with PF4 Enhanced with PF4

A

Positive in the absence of heparin >

A

Cessation of heparin IVIlg, plasma exchange, immunomodulation s



The Spectrum of Anti-PF4 Disorders: The Future

Heparin triggered

Classic HIT Adenoviral vaccine triggered
- Triggers: heparin, VITT
1973 LMWH, polyanions « Trigger: adenovirus
2021 vector vaccines

Autoimmune HIT
« Triggers: heparin,
LMWH, fondaparinux

2001 Anti-PF4 Disorders VITT-like Ab
With no proximate heparin or vaccine exposure HIT-like Ab
Acute Chronic
. HIT-liI.(e: post-TKA . «  MGTS (HIT-like & VITT-like)
« VITT-like: adenovirus infection « Chronic autoimmune (HIT-like & VITT-like)

= Heparin dependent = Heparin independent



Summary

« Anti-PF4 disorders = highly prothrombotic and fatal disorders
« Can occur in the absence of heparin/vaccine exposure

« Awareness and early detection is key
* Clinical clues:

- Thrombosis + thrombocytopenia (with no alternative explanation)

Especially severe, unusual sites, multiple sites, arterial + venous, microvascular
thrombosis & DIC (but not necessarily)

Severe and persistent thrombocytopenia (but not necessarily)
Thrombotic storm (DDx with TTP, CAPS, cancer-associated thrombosis)
Markedly elevated D-dimer, decreased fibrinogen

« Laboratory testing have variable sensitivity for detecting different anti-
PF4 antibodies (rapid HIT screening tests may be negative!)

« High-dose IVIg is an important life-saving treatment








