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Initial Approach

w When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Haspseudothrombocytopeni®een excluded?
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w When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Haspseudothrombocytopeni®een excluded?

2. What is the most probable cause



Causes of Thrombocytopenia

Impaired production
A. Bone marrow Aplasia
¢ Inherited platelet disorders

¢ Acquired marrow disorders
w ldiopathic
w Secondary
V Drugs, chemicals
V Infections
V lIrradiation
V Alcohol
V Infiltration
V Aplastic anemia
B. Ineffective hematopoiesis
¢ Nutritional deficiencies

¢ Myelodysplastic syndromes

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeematolEduc Program. 2012

Increased destruction

¢ Immune mediated
w Autoimmune (1ry and 2ry)
w Isoimmune alloimmune
w Druginduced

¢ Increased consumption
w Thrombotic microangiopathies
w Hemangiomas
w Artificial Surfaces
w Diffuse intravascular coagulation

Abnormal distribution
w Hypersplenism

Hemodilution



Initial Approach

w When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Haspseudothrombocytopeni®een excluded?

2. What is the most probable cause

3. What is the risk of bleeding based on the platelet number and the

cause of thrombocytopenia

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012



Estimation of the bleeding risk

based on PLT numbers

w 150,000-50,000/> | asymptomatic

w 50,000- 30,000/~ [ patients rarely present with purpura,
although they may have excessive bleeding with trauma

w 30,00010,000~ [ spontaneous bruising and purpura;
bleeding with minimal trauma

w <10,000/> [ significantspontaneousdleeding

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012



Approach to the patient
with thrombocytopenia

“ 4 Patient History

Physical Examination

1 Complete blood cell count, peripheral blood sme:
% Additional investigations

\




Patient History

Acute or chronic?

Medication history

Recent viral and bacterial infections

Vaccinations

Recent travels

Pregnancy

w

Medical history

Dietary habits

Alcohol consumption

Symptoms suggestive of malignancy

Recent transfusion

Family history of thrombocytopenia

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012
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Petechiae

Purpura _O
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Investigation of Thrombocytopenia

PT/PTT/fibrinogen /B 6 KA3IK Ay a!l ! kK5L/ Xt ADBSNI RA
LDH (hemolysis/MAHA)

Urea/Creatinine (HUS/TTP)

Liver enzymes, Alb

Direct antiglobulin test

HIV(initial disease manifestation in 10%)

HCV

ANA if clinical suspicion

Abdominal U/S

X Ray

Bone marrow aspiration

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012



Investigation of Thrombocytopenia

PT/PTT/fibrinogen /B
LDH (hemolysis/MAHA)
Urea/Creatinine (HUS/TTP)

O6KAIK Ay

Liver enzymes, Alb
Direct antiglobulin test
HIV(initial disease manifestation in 10%)

HCV

ANA if clinical suspicion
Abdominal U/S
X Ray

all ! k5L/ Xt ABSN] R

= | Insignificant

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012



Causes of Thrombocytopenia

Impaired production
A. Bone marrow Aplasia
¢ Inherited platelet disorders

¢ Acquired marrow disorders
w ldiopathic
w Secondary
V Drugs, chemicals
V Infections
V lIrradiation
V Alcohol
V Infiltration
V Aplastic anemia
B. Ineffective hematopoiesis
¢ Nutritional deficiencies

¢ Myelodysplastic syndromes

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeematolEduc Program. 2012

Increased destruction

¢ Immune mediated
w Autoimmune (1ry and 2ry)
w Isoimmune alloimmune
w Druginduced
¢ Increased consumption
w Thrombotic microangiopathies
w Hemangiomas
w Artificial Surfaces
w Diffuse intravascular coagulation

w Pregnancy associated:
preeclampsia, HELLP

Abnormal distribution
w Hypersplenism

Hemodilution
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Immune Thrombocytopenia

A is an autoimmune disorder
characterizedby PLTs<100x10°%L in
the absenceof other causesor
disorders that may be associated

with thrombocytopenia






Therapy Options for ITP

Clinical Situation Therapy Options

Corticosteroids: dexamethasone, methylprednisolone,
prednis(ol)one
IVIg

First line (initial treatment
for newly diagnosed ITP)

Azathioprine
Cyclosporin A
Cyclophosphamide
Danazol
Dapsone
Mycophenolate mofetil
Rituximab
Splenectomy
TPO receptor agonists (romiplostim and eltrombopag)
Vinca alkaloids

Second line

Treatment for patients _Category A*: TPO receptor agonists
failing first- and second-line  Category BA campath-1 H, combination of first- and second-
therapies line therapies, combination chemotherapy, HSCT

Provan D, et al. Blood. 2010:115:168-186.
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Investigation of Thrombocytopenia

PT/PTT/fibrinogen /BB O KA I K AY
LDH (hemolysis/MAHA)

Urea/Creatinine (HUS/TTP)

Liver enzymes, Alb

Direct antiglobulin test

HIV(initial disease manifestation in 10%)
HCV

ANA (+)

aPL(-)

Abdominal U/S-|

X Ray-]

all ! Kk5L/ Xt A@SNJ R}

— Insignificant

Bone marrow aspiration: consistent with peripheral destruction

IzakM et al., F1000Prime Reports 2014,
Stasi R Hematology Am SeéematolEduc Program. 2012



ITP In SLE

w Theprevalenceof ITPIn lupusrangesfrom 7-30%

w It may be the first manifestation of lupus in up to 16% of patients,
presentingmonthsor asearlyas10yearsbeforediagnosis

w 3%15%ITPpatientswill eventuallydevelopSLE

w Pathogenesis

¢ antiplatelet AbsaPLADbs, lupus anticoagularantithrombopoietin
Abs

¢ druginduced

Fayyaz A et al. Lupus Science Med 2015
ZiakasPD et al., Ann Rheum Dis 2007
JallouliM et al, Lupus 2012
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Corticosteroids

Prednisoneat 1-2 mg/kg/day,then taper

¢ If noresponseafter 4 weeksthen

seekfor a2 line treatment

¢ Arnal et al reported clinical
responsein 80% of patientswith
only 22% achieving sustained

response

ArnalC et al., Rheumatol 2002

HepburnA et al. Rheumatology010

Fayyaz A et al., Lupus Science Med 2015
GalanopoulodN et al.,Mediterr JRheumatoR017

Methylprednisones00-100 mg for 3 days

¢ Arnal et al reported clinical
responsein 60% of patients but

no sustainedresponse



Intravenous Immunoglobulin

w Used in the bleeding patient with acute and severetBtdinbocytopenia

w Dose: 0.4 g/kg/d for 5d

w In a study by Maier et al, patients received IVIG at the usual dose+ maintenance fo

year

V 5/7 SLE patients responded up to day 28

V 4/5 responders sustained response for up to 6 months

V 1/5 responders sustained response at 1 year

w Most responses are transient

AToxicity:

Vv

< < <<

Headache

Positive DAT

Anaphylaxis in Ig8eficient patients
Thrombosis

Renal

Maier Wet al., Arthritis Rheum 1990
Fayyaz A et al., Lupus Science Med 2015
GalanopoulodN et al.,Mediterr JRheumatoR017
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Azathioprine - Hydroxychloroquine

Azatioprine Hydroxychloroquine

w Sparseaeportson lupusthrombocytopenia @ In a study byArnalet al:

¢ 7/11 SLHTP pts had a sustained respons

w Usedaloneor in combinationwith CS with HCQ + low dose prednisone

«w Administered at a dose of up to | In a study byhelafet al
2mg/kg/day.

¢ 10/12 SHTP patients had sustained

w If a response occurs, therapy should be response
continued at full doses for at least 12
monthsandthen taperedgradually

ArnalC et al., Rheumatol 2002
KhellafM et al., Am Hematol 2014
Galanopoulod et al.,Mediterr JRheumatoR017
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Cyclosporine A

1 Response Dose
Sugiyama et a| 3 3/3 1 mg/kg
Mangeretal |3 3/3 3-5 mg/kg

Time to response-8 weeks

Toxicities:
nephrotoxicity, hypertension
tremor, paresthesia

gingival hyperplasia

Manger K et al., Br hBumatol1996
Sugiyama M et al, Lupus 1998



Rituximab

Respose Timeto  Median Relapses
(CR/PR) response response
(month)  duration
(months)
Jiangetal 15 200500 mggwor  40%/33.3% 0.53 10.7 20%,
g2w x 13 2-8 months
Jiang etal 88 NR 74.4%/13.4% NR NR NR
Jovancevic 13 375mg/n? qw x4 OR 77% 1-4 NR 23%,
3-8 months
Jovancevic 55 100 mgqw x4 or 78.2%/11% 0.253 NR 12%,
375mg/n? qw x 2-4 9-24 months
or 500 mg q2w x3
or 1000mg q2w x 2
Serris 44 375mg/n¥ gw x4 57%/31% NR NR 40%
or 1000mg q2w x 2

Jiang B et al., J CRheumatoR015
Jovancevi® et al., Lupus 2013
SerrisA et al., Am Blematol2018
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Cyclophosphamide

w In a study byBoumpaset al,
¢ 7 pts with SLE and refractory thrombocytopenia were treated with CYC
¢ Dose: 0.781.0 g/n?iv every month for at least 4 months
¢ All patients responded within-28 weeks
C

Low dose alternate dagredisonewas sufficient to sustain remission in 6 pts for a mean
of 5.6 years

w In a study by Park et al,
C 2 SLE pts with refractory thrombocytopenia were treated with 500 mg of CYC every 2
weeks for 3 months

¢ Both patients responded and remission was maintained thereafter by a combination of
low dose prednisolone with AZA or MMF

w Toxicities:
¢ bone marrow suppression, hemorrhagic cystitis
¢ infertility, teratogenicity
¢ development of secondary malignancy
BoumpadT et al., Ann Intern Med 1990

Park HJ et al] Korean Med Sci 2013
CukerA et al. Blood 206
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Coon

Gruenberg

Hall

Arnal

Rivero

Li

Zhou

You

18

14

17

15

11

20

25

Splenectomy

78% response, 6% relapse, 10% durable
remission, 12 months median follewp

50% response, 17% durable remission, 73.2
months median followgup

21% response, 79% relapse, 14% durable
remission, 21.6 months median folleup

65% response, 55.2 months median folopr 1 splenectomisegt died ofsepis

More deaths, cutaneous vasculitis, Pts with SLE and/topeniasundergoing
immunosuppression and infections splenectomy were compared to non
splenectomisednatched patients

81.9%response, 18.2% relapse , 9% durable No perioperative morbidity or mortality or

remission, 36 months median folleup increased disease activity

85% response, 15% relapse, 42 months None of the patients experienced any

median followup postoperative infection, bleeding or
thrombotic events or increased disease
activity

64% response, 36% relapse, 32% durable  Mortality O; morbidity 24%
remission

Coon WW Am J Surg 1988; Gruenberg JC et al., Amd@@gHall S et al., Ann Intern Med 1988nalet al JRheumatoR002
Rivero SJ et al, Arch Int Med 1979; Li &rsumatolnt 2011; You N et al



Study

Splenectomy

Outcome Comments

Coon 18

Gruenberg 12

Hall 14
Arnal 17
Rivero 15
Li 11
Zhou 20
You 25

78% responseb% relapse 10% durable
remission, 12 months median follewp

50% response, 17% durable remission, 73.2
months median followgup

21% response, 79% relapdet% durable
remission, 21.6 months median folleup

65% response, 55.2 months median folopr 1 splenectomisegt died ofsepis

More deaths, cutaneous vasculitis, Pts with SLE and/topeniasundergoing
immunosuppression and infections splenectomy were compared to non
splenectomisednatched patients

81.9%response, 18.2% relaps@% durable No perioperative morbidity or mortality or

remission, 36 months median folleup increased disease activity

85% responsel5% relapse, 42 months None of the patients experienced any

median followup postoperative infection, bleeding or
thrombotic events or increased disease
activity

64% response, 36% relaps§2% durable Mortality O; morbidity 24%

remission

Coon WW Am J Surg 1988; Gruenberg JC et al., Am Surg 1986; Hall S et al., Ann Intern Meul&8H; JRheumatoP002
Rivero SJ et al, Arch Int Med 1979; Li &rsumatolnt 2011; You N et al






TPO- receptor agonists

increase platelet production and
proliferation

improve Tregfunction

increase Breg numbers in non-
splenectomisegatients

modulation of the expressionof the
activator and inhibitor C O+ wra
monocytes

VIG Corticosteroid drugs
- IVIG, anti-D
Corticosteroid drugs Splenectomy

Macrophage

IVIG, anti-D -
IVIG Corticosteroid drugs
Corticosteroid drugs
Splenectomy
nti-CD20 agent (rituximab) [ _sa /

Anti-CD20 agent (rituximab) Deg'adaﬁ"kr

TPO-receptor agonists

Autoreactive 2
eu | toeact Y —
production

Th1 / \ TPO-receptor
™7 L agonists

[ A | t
Unbalanced w ‘ ¥ a\oonlsls
Th subsets / / N

{ MK />

| N—

Perera M et al, Hematology 2017
ZuffereyA et al, LlinMed 2017



Thrombopoietin Receptor Agonists

Romiplosti
O:mlpos " > Reoep&: Eltrombopagg

Inactive receplor ——p

"\ SHC,
Cytoplasm _. ‘_ ' %%, [ RASIRAF

STAT3 g JAK2 =
STATS |

l ERK1/2
l AK1 528 MAP

Signal Transduction

|

Increased platelet production



AMG 531 (Romiplostim)
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Eltrombopag (SB497115, Promacta)
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TPO- receptor agonists

No of prior
treatments

Respose

Comments

Terriou 13 median 5.5 Romiplostim 36%, OR: 93% Thromboticevents 3 pts: Arterial TEs
eltrombopag28%, in 2 patientswith a history of APS 2
both 36% VenousTEsin a patient treated with

Romiplostim

Maroun 3 2-5 Romiplostim pt, OR: 100% No thromboses, no flares
eltrombopaglpt, 1 pt maintainedresponsefor at least6
both 1pt months  following eltrombopag

discontinuation

Lusa 4 median 3.5 Romiplostim 4 pts, OR: 75% No responsein a patient with APS
eltrombopag& Noflares,no thrombosesno bleeding
romiplostim 1pt

Mangano 2 median 4.5 Romiplostim Jpt, OR: 100% Noadverseevents
eltrombopaglpt

Alkaabi 1 4 Eltrombopag NR Noadverseevents
then romiplostim

Tomov 1 3 Romiplostim Renal thrombotic microangiopathy

TerriouL et al., Blood 201@jlarounMC et al.Lupus 2014
LusaA et al., Lupus 2018)angancet al., RheumatoR014
AlkaabiJK et al., Lupus 201PomovLupus 2013



Rheumatology 2018;57:1432-1438

RHEUMATOLOGY varce Acoses picaon 0 tey 2018
Original article

Risk of thrombosis with anti-phospholipid syndrome
in systemic lupus erythematosus treated with
thrombopoietin-receptor agonists

18 pts with SLETP treated with TP®as were included in the study
10(55%) hadvwe aPLand 5 (27%) definitive APS
6 pts received romiplostim, 5 petrombopagand 7 pts both

After a median followp of 14 months:
94% OR, 61% CR
2 pts relapsed following CR

Median time to response: romiplostim 30 dagd#trombopagl?.5 days

Adverse events:
2 pts arthralgia, Dt elevated liver enzymes
5 ptsdevelopedthromboembolicevents.
4 arterial TE9n 4 pts with APSor +ve aPL
2venousTEsSn 1 pt w/o APS

Guitton Z et al., Rheumatology 2018
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Therapy Options for ITP

Clinical Situation Therapy Options

Corticosteroids: dexamethasone, methylprednisolone,
prednis(ol)one
IVIg

First line (initial treatment
for newly diagnosed ITP)

Azathioprine
Cyclosporin A
Cyclophosphamide
Danazol
Dapsone
Mycophenolate mofetil
Rituximab
Splenectomy
TPO receptor agonists (romiplostim and eltrombopag)
Vinca alkaloids

Second line

Treatment for patients _Category A*: TPO receptor agonists
failing first- and second-line  Category BA campath-1 H, combination of first- and second-
therapies line therapies, combination chemotherapy, HSCT

Provan D, et al. Blood. 2010:115:168-186.




Mucophenolate Mofetil

w There are case reports on the successful use of MMF in SLE patients wit
refractory thrombocytopenia

w MMF has been administered both as treatment of severe resistant
thrombocytopenia and as maintenance

w Dose: 501.000mg daily

w Toxicities:

¢ Headache, diarrhea, nausea, anorexia, infegtimer function test
abnormalities

VasooS et al., Lupus 2013
Park HJ et alJ Korean Med Sci 2013
Chang HK et al, J Korean Med Sci 2005



Danazol

w
w
W
W

A Fe! receptor expression on monocytgsAin platelet phagocytosis.
A the proliferation of lymphocytes upon stimulation withitogens
A the production of preinflammatory cytokines, whilg anti-inflammatory cytokines

promotes lymphocyte differentiation into-flegs that could lead to a decrease in platelet
phagocytosis
Author  No. Design Remission (%) Dose Duration Comment

Marino™® 3  Series 3 (100%) 200-600 Prolonged Failed intravenous Ig, intravenous glucocorticoids
and splenectomy

Agnello”™ 3 RBPCT  3(100%) 600 1 month Mild SLE, 7 patients in trial, 3 with low platelets

West™ 6 Series 6 (100%) 800 1 year All failed glucocorticoids, 4/6 failed splenectomy

Blanco™ 4  Series 4 (100%) 400-800 18-36 months All failed glucocorticoids and at least one other drug

Cervera®™ 16  Seriest 16 (100%) 200% 249 months  All failed glucocorticoids, 5 failed splenectomy

Amal™ 18 Series  9(50%) 400-600 28 months All treated with glucocorticoids

Dose is given as miligram per day.

1This was a conseculive series of patients with SLE with thrombocytopenia and bleeding.

3200 mg/day initially, then increasing 200 mg each week urtil a response was noted.

RBPCT, randomised blinded placebo-controlled trial.

il ol - e ==

w Side effects/Cautions

¢ Transaminitisliver cancer
Thrombosis,bronochorpulmonanyfibrosis
Virilization ammenorhea

Measure PSA levels before starting therapy Fayyaz A et al., Lupus Science Med 2015
Galanopoulod et al.,Mediterr JRheumatoR017
AudiaS et al Rev Med Interne 2016

N N N



A 24 year female presentedto the emergencydepartment becauseof epigastralgiawhich
had startedtwo daysearlier. Thepatient had beendiagnosedwith SLEour yearsearlierand
wastreated with prednisoneandhydroxychloroquine

At the ERthe clinical examination was insignificant The blood tests showed anemia,
increased reticulocytesand LDH elevatedtotal and indirect bilirubin, with normal liver and
renalfunctiontests ECGg¢hestX-ray andabdominalultrasoundwere normal

Becauseof hematologicand biochemicalabnormalitiessuggestiveof hemolyticanemiathe
patient wasadmitted andtreated with anincreasen the usualdoseof prednisone

On the following day anemiaworsenedand thrombocytopeniadeveloped The patient
presented a sudden neurologicallanguageR S U éndl oss of strength in her right hand,
whichfully recoveredafter afew hours

A cerebrovascularMRI revealedmultiple acute lacunarinfarctsin the right cerebellarand
left frontal hemisphere



w NoPT,aPTTprolongation normal D-dimersandfibrinogen

w [ 2Y ae&Xwasnegative haptoglobinlevelswere low and ANAwaspositive

w Creatine and urea levels were slightly increased and urinalysis revealed proteinuria,

microscopichematuria,white andred blood cells

®*. " Vl“" '“O‘

0Se % 0,2
~ 0.0 0’°°'.

Q icroangiopathic Hemolytic Anemia and Thrombocytopenia



0 Icroangiopathic Hemolytic Anemia

and Thrombocytopenia (MAHA

_T)

MAHAT

DIC

J

\

Thrombotic Microangiopathy
(TMA)*

*MAHA-T & evidence of endrgan damage/ischemia

( )

Thrombotic Thrombocytopenig
Purpura (TTP)

Shiga toxin producing
Escherichia coli Hemolytic
Uremic Syndrome (HUS)

\. J
( )
AypicaHUS
\ J
( )

Secondary TMA**

*Autoimmune disease, Drugs, Infections, Cancer, Malignant Hypertension, Pregnancy, Transplantation



Thrombotic Microangiopathy

w Hererogeneougroupof disorders

w Common clinical and laboratory
findings

w Microvascular  thrombosis  or
occlusionof endothelium leadingto
organischemia

Laboratory features Microangiopathic hemolytic anemia
Anemia
Fragmented red blood cells (schistocytes)
Decreased haptoglobin
Thrombocytopenia
Evidence of end-organ damage/ischemia
Elevated lactate dehydrogenase levels
Clinical features Evidence of end-organ damage/ischemia
Brain, neurologic dysfunction
Kidneys, elevated creatinine/renal failure
Fever
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0 Icroangiopathic Hemolytic Anemia

and Thrombocytopenia (MAHA
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DIC
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Thrombotic Microangiopathy
(TMA)*

*MAHAT, Evidence of endrgan damage/ischemia

( )

Thrombotic Thrombocytopenig
Purpura (TTP)

Shiga toxin producing
Escherichia coli Hemolytic
Uremic Syndrome (HUS)

\. J
( )
AypicaHUS
\ J
( )

Secondary TMA**

*Autoimmune disease, Drugs, Infections, Cancer, Malignant Hypertension, Pregnancy, Transplantation



Comparison between DIC and TMA

Variables DIC TTP
Platelets Low Extremely low
Anemia MAHA MAHA
Schistocytes Usually Always=
l.INR/ ET Normal or prolonged Normal
aPIT Normal or prolonged Normal
Thrombin time Prolonged Normal
Fibrinogen Low Normal
-E'DP 1 Elevated Normal
Liver enzymes Normal or slightly Normal
elevated
Underlying Sep=i= Us=sually idiopathic »
disorders
i Malignancy Rarely pregnancy »
Obstetric Medication
complications
1LDH Elevated Markedly elevated
!-Pe'.rer — Present; may be If pre=ent, low grade
high
As=ociated ] Diarrhea, renal failure,

é features* neurologic =ymptoms




0 g k g G : Investigation

For diagnosis
Full blood count and blood film

Reticulocyte count

Haptoglobin

Clotting screen including
fibrinogen

Urea and electrolytes

Troponin T/Troponin I

Liver function tests

Calcium

Lactate dehydrogenase

Urinalysis

Direct antiglobulin test

Blood group and antibody

sCreen

Anaemia, thrombocytopenia,
fragments on film

Raised

Reduced

Normal

Renal impairment

For cardiac involvement

Usually normal

May reduce with PEX

Raised due to haemolysis

For protein

Negative

To allow provision of blood
products

For possible underlying cause
Thyroid function tests

To exclude Graves Disease

Auto-antibody screen (ANA/RF/
LA/ACIA), including lupus
anticoagulant

Exclude associated autoimmune
disease

Stool culture

For pathogenic Escherichia coli

CT Chest/abdomen/pelvis (if
indicated) = tumour markers

\;.lr diauild'ba}
To look for underlying
malignancy

PEX, plasma exchange; CT, computerized tomography; MRI, mag-

netic resonance imaging; ANA, antinuclear antibody; RF, rheumatoid
factor; LA, lupus antibody; ACLA, anticardiolipin antibodies; TTP,
thrombotic thrombocytopenia purpura.

*Brain scanning on admission should not interrupt PEX therapy.

FICPAUUty ADIC dld TTUTTERTL

immunodeficiency virus testing

PTC-DIOOW Products and to
exclude an underlying viral

precipitant

[Pregnancy test (in women of child-bearing age)

ADAMTS 13 assay (activity/
antigen and inhibitor/antibody
in specialized laboratory)

Electrocardiogram/Echocardiogram  To document/monitor cardiac

CT/MRI brain

Do not wait for result before
starting treatment in suspected

TTP

damage
To determine neurological

involvement*

Scully M et al BJH 2012




Thrombotic Thrombocytopenic Purpura (TTP)

o Thrombocytopenia

0 Microangiopathic hemolytic anemia
o Neurological deficits

0 Renal Dysfunction

o0 Fever

Crawley J et al Hematology 2013



SLE-TTP

Pathogenesis

1-4% of SLE pts develop TTP
Mortality rate: 12.4%62.5%
Challenging diagnosis as SLE and TTP share elements of the classic pentad

Pathogenesis:

A endothelial cell activation

complement activation

2ndary APL: imbalance in thrombin production and fibrinolysis
resistance of/WFto cleavage by ADAMTS13

decreased ADMTS13 activity

To o Io I

Jiang H etal., CiRheumatoR014
Letchumanaret al., Rheumatology 2009
LansigarF et al., Rheumatology 2011
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Clin Rheumatol (2014) 33:419-427
DOI 10.1007/510067-013-2312-5

CASE BASED REVIEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An+ Ya Li - Yi Sun «
Guanxin Shen - Yating Tu - Juan Tao

The onset of SLE preceded, coincided or followed TTP onset in 50.5%, 45.7% an
3.8%, respectively

Neurological symptoms occurred in 76.2% of cases
Renal impairment occurred in 83.8% of cases

Thrombocytopenia, anemia arfd_.DH occurred in 100%, 92.4% and 81.9% of
cases. Schistocytes were present in 100% of cases

Severe ADMTS13 deficiency was detected in 40.5% of pts

+ve/ 2 2 Ytesia 22.5% of cases



Clin Rheumatol (2014) 33:419-427
DOI 10.1007/s10067-013-2312-5

cAsemAsEDREVEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An - Ya Li - Yi Sun -
Guanxin Shen - Yating Tu - Juan Tao




Microangiopathic anemia along with thrombocytopenia renal and neurological deficits was
suggestive of TTP/TiRe

Plasma exchange and steroid increase were initiated

After three plasma exchange sessions, platelet counts and LDH levels were normalized, but
two days later these parameters declined

Pulse IV cyclophosphamide was administered and two days later platelet counts and LDH
levels normalized and Hgb levels were increased.

Plasma exchange was suspended after a total of 21 sessions and the pattern of steroids we
reduced

At 3 years after discharge she remains in complete hematologic remission requiring no
treatment other than lowdose prednisone.






Initial Approach

w When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Haspseudothrombocytopeni®een excluded?

2. What is the most probable cause

3. What is the risk of bleeding based the platelet number and the cause

of thrombocytopenia






Estimation of the bleeding risk

based on PLT numbers

w 150,000-50,000/> | asymptomatic

w 50,000- 30,000/~ [ patients rarely present with purpura,
although they may have excessive bleeding with trauma

w 30,00010,000~ [ spontaneous bruising and purpura;
bleeding with minimal trauma

w <10,000/> [ significantspontaneousdleeding

IzakM et al.,F1000Prime Reports 2014,
StasiR Hematology Am SétematolEduc Program. 2012



Approach to the patient
with thrombocytopenia

“ 4 Patient History

Physical Examination

1 Complete blood cell count, peripheral blood sme:
% Additional investigations

\




Patient History

Acute or chronic?

Medication history

Recent viral and bacterial infections

Vaccinations

Recent travels

Pregnancy

w

Medical history

Dietary habits

Alcohol consumption

Symptoms suggestive of malignancy

Recent transfusion

Family history of thrombocytopenia

IzakM et al.,F1000Prime Reports 2014,
StasiR Hematology Am SétematolEduc Program. 2012



Impaired production
A. Bone marrow Aplasia
¢ Inherited platelet disorders

¢ Acquired marrow disorders
w ldiopathic
w Secondary
V Drugs, chemicals
V Infections
V lIrradiation
V Alcohol
V Infiltration
V Aplastic anemia
B. Ineffective hematopoiesis
¢ Nutritional deficiencies

¢ Myelodysplastic syndromes

Increased destruction

¢ Immune mediated
w Autoimmune (1ry and 2ry)
w Isoimmune alloimmune
w Druginduced
¢ Increased consumption
w Thrombotic microangiopathies
w Hemangiomas
w Artificial Surfaces
w Diffuse intravascular coagulation

w Pregnancy associated:
preeclampsia, HELLP

Abnormal distribution
w Hypersplenism

Hemodilution



SLE- Thrombocytopenia

Causes

w Immunemediated
¢ antiplatelet AbsaPLADbs, lupus anticoagularantithrombopoietinAbs
¢ druginduced

@ Nonimmune drugnduced
w Splenomegaly
w Thrombotic microangiopathy

w APS

Fayyaz A et aLupus Science Med 2015



w0 Thrombocytopenia (<100x%0) has been reported in 20%9©% of SLE
patients

w It may be the first manifestation of lupus in up to 16% of patients,
presenting months or as early as 10 years before diagnosis.

w 3%15% ITP patients will eventually develop SLE



Jobservational study Med iCine.

Clinical characteristics of immune

thrombocytopenia associated with autoimmune
disease

A retrospective study

PrimaryITP

28% =

SLHTP

7 39%

RAITP

4%\
UCTDITP\

5%

20 APSITP
0 2‘:’/0 \pSSITP
19%

APS=primaryantiphospholipid syndrome, DM=dermatomyositis,| TP=immunethrombocytopenia, pSSprimary
Sjogren syndrome, RA=rheumatoid arthritis, SLE=systemidupus erythematosus, SSesystemic sclerosis,
UCTD=undifferentiatedonnectivetissuedisease

Liu Y et al Medicine 2016



Jobservational study Med iC i n e

Clinical characteristics of immune
thrombocytopenia associated with autoimmune
disease

A retrospective study

Clinical characteristics in SLE-ITP, pSS-ITP, and pITP patients.

SLE-ITP pSS-ITP pITP P R P3
Subiects n 33 16 43
LAge. v 3479+2.11 4913+3.68 3738 +2.47 0.023* 0523 0002 |
Gender, F/M 29/4 14/2 37/6 1.000 1.000 1.243
Arthritis 10/33 (30.3%) 7/16 (43.8%) 0/43 (0%) 0776 0.000* 0.000%
Dry mouth 6/33 (18.2%) 10/16 (62.5%) 0/43 (0%) 0.035% 0.018* 0.000%
Dry eye 3/33 (9.1%) 5/16 (31.3%) /43 (0%) 0333 0.138 0.008*
I B33 (18.0%) 1716 6.3%) 2743 [4.7%) 0605 0131 1211
Skin rash 12/33 (36.4%) 1116 (6.3%) 0/43 (0%) 0.189 0.000* 0779 |
Oral ulcers 2/33 6.1%) 0716 (0%) 1743 2.3%) 1022 0.662 1179
Serositis 6/33 (18.2%) 1116 (6.3%) 1/43 (2.3%) 0711 0.076 0.804
Raynaud phenomenon 1/33 (3.0%) 0/16 (0%) 0/43 (0%) 1.070 0.540 -
Swelling 1/33 (3.0%) 0/16 (0%) 0/43 (0%) 1.045 0.525 -
m'\ nna_m) 1m"l n754 0.400 {4
| Hamorm;ic symptoms 18/33 (54.5%) 8/16 (50.0%) 36/43 (83.7%) 1.150 0.029* 0.074
ILD 7133 (21.20%) 3/16 (18.80%) 4/43 (9.30%) 1.095 0.269 0.750
Renal disease 7/33 (21.2%) 0/16 (0%) 0/43 (0%) 0.307 0.010* —
j iti 1/43 (2 3%) () 83 ()23 (187
50.60+6.53 40.19+7.73 33424479 0.654 0.069 0.819
X10°1L 5.73+0.56 7.46%1.00 8.19+0.62 0368 0.016% 0.866 |
y R |unr|_ q.21 TU.00 TOT T 0% B UST0.97 u.arni .U urrg
%100 0.38+005 0.53+0.09 0.50+0.05 0365 0161 1.044
| Lo, x10%L 1.01+0.12 1.51+0.23 1.47+0.13 0170 0.033* 1114 |
0, x10°L 0.02+0.01 0.05+0.04 0.08+0.02 0692 0.081 0.084
BA, x10°L 0.01+0.01 0.08+0.06 0.01+0.01 0675 0.841 0.743
HGB, g/ 101.36+5.03 108.194528 112.74+4.83 0.665 0.170 0.858
ALB, gL 35.34+1.46 37.75+ 16 39.98+0.59 0.680 0.020* 0.362
GLO, gL 33394224 38.05+3.05 29.79+1.03 0568 0.190 0.096

Liu Y et al Medicine 2016



IObservational Study Med iC i n e‘D

Clinical characteristics of immune

thrombocytopenia associated with autoimmune
disease

A retrospective study

In SLHTP patients baseline C3 levels correlate withrisk of thrombocytopenia relapse
(ZiakasPD et al Ann Rheum Dis 2007)

Liu Y et al Medicine 2016



wEB'VJVI5>/\f'I"{Ihh h = h |

w Common clinical and laboratory
findings

w Microvascular  thrombosis  or
occlusionof endothelium leadingto
organischemia

Laboratory features Microangiopathic hemolytic anemia
Anemia
Fragmented red blood cells (schistocytes)
Decreased haptoglobin
Thrombocytopenia
Evidence of end-organ damage/ischemia
Elevated lactate dehydrogenase levels
Clinical features Evidence of end-organ damage/ischemia
Brain, neurologic dysfunction
Kidneys, elevated creatinine/renal failure
Fever
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Winters JL Hematology Am Sblematol Educ Program. 2017



Thrombotic Microangiopathy (TMA) in SLE

V Renallimited TMA

V' Thromboticthrombocytopenic purpurdike

V TTP with veaPL

Babar S et al., Rheum Dis Clin N Am 201



Thrombotic Microangiopathy (TMA) in SLE

V Renallimited TMA

A In 1 study TMA lesion were seen in 24% cases of lupus nephriti
A Pathophysiology:

U activation of the classic and alternate complement pathway

Babar S et al., Rheum Dis Clin N Am 2
Song D et al., Arthritis Réser2013



Thrombotic Thrombocytopenic Purpura (TTP)

o Thrombocytopenia

0 Microangiopathic hemolytic anemia
o Neurological deficits

0 Renal Dysfunction

o0 Fever

Crawley J et al Hematology 2013



Thrombotic Thrombocytopenic Purpura (TTP

Pathogenesis

V 1-4% of SLE pts develop TTP
V Mortality rate: 12.4%62.5%
V Challenging diagnosis as SLE and TTP share elements of the classic pentad

V Pathogenesis:

A endothelial cell activation

complement activation

2ndary APL: imbalance in thrombin production and fibrinolysis
resistance of/WFto cleavage by ADAMTS13

decreased ADMTS13 activity

To o Io I

Jiang H etal., CiRheumatoR014
Letchumanaret al., Rheumatology 2009
LansigarF et al., Rheumatology 2011
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Clin Rheumatol (2014) 33:419-427
DOI 10.1007/510067-013-2312-5

CASE BASED REVIEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An+ Ya Li - Yi Sun «
Guanxin Shen - Yating Tu - Juan Tao

The onset of SLE preceded, coincided or followed TTP onset in 50.5%, 45.7% an
3.8%, respectively

Neurological symptoms occurred in 76.2% of cases
Renal impairment occurred in 83.8% of cases

Thrombocytopenia, anemia arfd_.DH occurred in 100%, 92.4% and 81.9% of
cases. Schistocytes were present in 100% of cases

Severe ADMTS13 deficiency was detected in 40.5% of pts

+ve/ 2 2 Ytesia 22.5% of cases



Clin Rheumatol (2014) 33:419-427
DOI 10.1007/s10067-013-2312-5

cAsemAsEDREVEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An - Ya Li - Yi Sun -
Guanxin Shen - Yating Tu - Juan Tao
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MikpoayyeionmaOnTikn AiHoAUTIKR Avaipia

4 Thrombocytopenia
Abnormal
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Vascular
devices

RBC fragmentation pee . rs

H-M Tsai. Am J Med 2013



MikpoayyelotaOnrikn AIgoAUuTIKR Avaigia

Pathology Key Features Examples

VWF-platelet thrombosis Thrombus with VWF and platelets Thrombotic thrombocytopenic purpura
Endothelium and vessel wall are intact

Fibrin-platelet thrombosis Thrombus with fibrin and platelets Disseminated intravascular coagulopathy, heparin-induced
Endothelium and vessel wall are intact thrombocytopenia, paroxysmal nocturnal

hemoglobinuria, catastrophic antiphospholipid antibody
syndrome, HELLP syndrome
Microvascular cancer cells Intravascular clusters of cancer cells Metastatic neoplasm
Vasculitis Inflammatory cell infiltration Autoimmune diseases, certain infections
Fibrinoid necrosis
Fibrous proliferation
Disruption of internal elastic lamina

Thrombotic Endothelial swelling or disruption Atypical hemolytic uremic syndrome, hemolytic uremic
microangiopathy Subendothelial expansion/cell proliferation syndrome due to shiga toxins or microbial
Thrombosis present or absent neuraminidases, catastrophic antiphospholipid antibody
Internal elastic membrane is intact syndrome, drugs*

Interstitial edema
Cavitary fluid accumulation

H-M Tsai. Am J Med 2013



OpoupwTIiKN Mleoavvuonc'(Osla (TMA)

Trigger of Vascular Injury Genetic/Host Predisposing Conditions

!

Thrombotic Microangiopathy
Basement Membrane

Endothelial Cell
Partial/Complete vessel
occlusion

Platelets Intravascular
platelet
Swelling of Detachment of thrombosis
: lial cell
endothelial cells endothelial cells
Ady A
Increased vessel Accumulation on

wall thickness subendothelial space



Disorders of Complement regulation
Infection induced: -Genetic mutations
-Shigatoxin HUS -Acquired defects e.g. antibodies

-atrep Pneumoniae HUS (

Hemaopostic | ADAII.IITEHaI:mn.rm:EIItias: TP
stem cell ' | -genetic abnormality
transplantation ' ' ) -Autoantibodies
| Pragnancy

Drugs: |~ —
-Quinine induced T HIV
-Tacrolimus, ciclosparin _
-Bleomycin, mitomycin, Malignancy Conneclive tiksus
cisplatin disorders:
-Clopidopogre -Antiphospholipids

syndrome

H-M Tsai. Am J Med 2013



Disorders of Complement regulation

Infection induced: -Genetic mutations
-Shigatoxin HUS -Acquired defects e.g. antibodies
-Strep Pneumoniae HUS ," \
i II
i .
Hematopoetic II' ADAHTE 13 Ebﬂﬂ.l'l'ﬂﬂm]ﬂs- T
stem cell , | -genatic abnormality
transplantation -Autoantibodies
| Pragnancy
Drugs: |~ —
-Quinine induced 1 HIV
-Tacrolimus, ciclosparin _
-Bleomycin, mitormycin, Malignancy Connective tissue
cisplatin disorders:
-nfﬂrn_plmn ELE
-Clopidopogre! -Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



OpouPpwTikn Opoubo-nevmn TTopyuUpa

1\/ \...\

GGt L agdt 8| t61t L agdt
R S Becmi1d14d
gG 6 © T h A CIgANgM) Bids t1 L1 va[lvoal sy v r m
w A h ADAMTS13 yrLuedushiAz]zo9us

t m1 t R[ mPegylaediFN
O ¢ "1 B A"

(6 _h <<h ZWBAMTS13 ' | dgv

Ky s AXs ? R 9 |
>zzuchuvABt |z



OpoupwTikn Opouporevikn TTopyupa

\.‘ \\\

GGt L agdt

_l -~ s h .{ t ¢ n Y
gG o~ T h A TIgANgk) BBiis
w A h ADAMTS13

O ¢ "1 B A"

re _h<<h ABAMTS13



OpoupwTikn Opouporevikn TTopyupa
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OpoupwTikn Opopuporevikn TTopwupa

Ei1d1koTnTa auto-Abs Kail YeVeTIKEC pHeTaAAAleIC

Congenital TTP (5% of cases)

Deletions (10%)

l |
il Insertions (5%) [
I |
[ |
| |

B1nJ Bf ADAMTSI3
AAzz-paz A21 )

Nonsense mutations (15%)

Missense mutations (60%)

Intronic splice site mutations (10%)

ADAMTS13 gene (exon number)

L L muzAol [ 110AA CM.
zZANRM[ RAOD[z) & MUFd

90%~100% of patients H H

Acquired TTP (95% of cases)

Blombery P et al., J Blood Med 2014
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For diagnosis
Full blood count and blood film

Reticulocyte count

Haptoglobin

Clotting screen including
fibrinogen

Urea and electrolytes

Troponin T/Troponin I

Liver function tests

Calcium

Lactate dehydrogenase

Urinalysis

Direct antiglobulin test

Blood group and antibody
screen

Hepatitis A/B/C and human

immunodeficiency virus testing

Anaemia, thrombocytopenia,
fragments on film

Raised

Reduced

Normal

Renal impairment

For cardiac involvement

Usually normal

May reduce with PEX

Raised due to haemolysis

For protein

Negative

To allow provision of blood
products

Pre-blood products and to
exclude an underlying viral

precipitant

Pregnancy test (in women of child-bearing age)

ADAMTS 13 assay (activity/

antigen and inhibitor/antibody

in specialized laboratory)

Electrocardiogram/Echocardiogram

CT/MRI brain

Do not wait for result before

starting treatment in suspected

TTP

To document/monitor cardiac
damage

To determine neurological
involvement*

For possible underlying cause
Thyroid function tests To exclude Graves Disease
Auto-antibody screen (ANA/RF/

LA/ACLA), including lupus disease

Exclude associated autoimmune

anticoagulant
Stool culture For pathogenic Escherichia coli
(if diarrhoea)
CT Chest/abdomen/pelvis (if To look for underlying

indicated) = tumour markers malignancy

PEX, plasma exchange; CT, computerized tomography; MRI, mag-
netic resonance imaging; ANA, antinuclear antibody; RF, rheumatoid
factor; LA, lupus antibody; ACLA, anticardiolipin antibodies; TTP,
thrombotic thrombocytopenia purpura.

*Brain scanning on admission should not interrupt PEX therapy.

Scully M et al BJH 2012
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Infection induced:
-Shigatoxin HUS

trep Fneumoniae HL.I

Hematopoetic
stem cell
transplantation

Drugs:

-Quinine induced
-Tacrolimus, ciclospornn
-Bleomygcin, mitomycin,
cisplatin

-rifampicin
-Clopidopogrel

Disorders of Complement ®

-GEenetic mutations
-Acquired defects e.g. antibodies

‘\I\

- ADAMTS 13 abnormalities:
| | -genetic abnormality
“ | -Autcantibodies

| Pragnancy

HIW

Malignancy

Connective tissue

disorders:
-SLE

-Antiphospholipids
syndrome

TTP

H-M Tsai. Am J Med 2013



AigoAuTikG Oupaipiké Zuvdpopo (HUS)

&

HUS infectioAanduced
Shigatoxin producinge.coli
ShigellaDysenteriagype 1
Steptococccu®neumoniae

Due to complement deregulation

Malignancy, Cancer Chemotherapy,
lonizing Radiation

Druginduced

Transplantation

Pregnancy. HELLP syndrome

Autoimmune Disorders:
SLE
Antiphospholipidantibody syndrome

Glomerulopathy

Defectivecobalaminmetabolism
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ue E. Coli O157:H7
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ue E. Coli O157:H7
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red blood cells, proteins

ET-1

TNF-a
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