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Significant hemolysis is not required for thrombosis
in paroxysmal nocturnal hemoglobinuria

Paroxysmal nocturnal hemoglobinuria (PNH), a rare
hematological condition, presents with hemolytic or
thrombotic symptoms. PNH stem cells arise due to
somatic mutations in the phosphatidylinositol glycan A gene
in bone marrow stem cells, resulting in loss of the glyco-
sylphosphatidylinositol anchor protein (GPI anchor).
Loss of this GPI anchor results in absence of CD55 and
CD59, complement regulatory proteins on hematopoetic
cells, rendering red blood cells susceptible to complement
attack and intravascular hemolysis. However, GPI defi-
cient white cells and platelets are likely to be behind the
high thrombosis risk."?

Cumulative thrombosis incidence in PNH over an eight
to ten-year period is 23-30% (in the pre-eculizumab
era);>* 20% of patients have multi-site thrombosis and
10% present with thrombosis.' PNH thrombosis can also
be subclinical affecting any system including the CNS,
coronary arteries or pulmonary system.’ Patients with no
known neurological symptoms have also been shown to
have increased deep white matter chronic ischemic
lesions on brain MRI, although clinical implications of
this are less clear.’

Thrombosis in PNH is a clinical emergency due to risk
of death, thrombosis extension and morbidity.
Eculizumab (Soliris), a monoclonal antibody, is currently
the only licenced treatment for PNH, significantly reduc-
ing thrombotic events from 7.37 to 1.07 per 100 patient-
years, and a sustained, relative reduction of thrombotic

events of 81.8%.” Indications for consideration of anti-
complement therapy in England, UK, include transfu-
sions due to hemolytic PNH, hemolytic and symptomatic
PNH without transfusions (LDH 1.5x upper limit of nor-
mal), PNH related thrombosis, pregnancy, or complica-
tions from PNH such as renal impairment and pulmonary
hypertension.

Patients with PNH with low levels of hemolysis tend to
present with thrombosis; however, the incidence of this
is unclear and identifying patients at risk is difficult. Data
of the Leeds PNH Service, UK, have been analysed to
identify patients with PNH with low levels of hemolysis
who present with thrombosis, to identify risk factors and
consideration for patient management.

The Leeds (UK) PNH database was retrospectively
interrogated. Patients with PNH granulocyte or mono-
cyte cell proportions over 10% and an LDH level less
than twice the upper limit of normal (ULN) for the testing
laboratory were identified. Anonymised clinical data
were then analysed to determine risk factors for throm-
bosis. Comparisons between those with and without
thrombosis were assessed.

All patients who fulfilled the above requirements were
then subdivided into groups as below:

Group 1: PNH white cells >30%, PNH red cells <10%,
LDH <2xULN

Group 2: PNH white cells >30%, PNH red cells >10%
with higher proportion of type II red cells than type III
red cells, LDH <2xULN

Group 3: PNH white cells 10-30%, PNH red cells
<10%, LDH <2xULN

Table 1. Patient characteristics for those experiencing thrombosis without hemolysis.

Patient  Age Pre-thrombotic PNH Total PNH Type Il red Type Ill red LDH Thrombosis
at thrombosis  co-morbidities granulocytes red cells cells cells (u/ *
(years)
Group 1 1 49 No 98% 0.77% 0.77% 0 158 Budd Chiari
(Normal)  CVA with extension
2 58 AA, receiving ATG 58% 1.72% 0.18% 1.54% 410 (Normal) NSTEMI
3 63 NLPHD 49% 1.68% 0.15% 1.53% 482 (1.Ix ULN) Ischemic
(no treatment) colitis
4 31 No 98% 0.1% 0.02% 0.08% 428 (1.01 x ULN) CVA
b) 21 AA receiving ATG ~ 89.7% 3.21% 1.22% 2.07% 550 (1.22 x ULN) DVT
6 26 AML post chemotherapy 97% 0.53% 0.04% 049% 228 (Normal) Mesenteric
Median Group 1 40 93% 1.2% 0.4% 1.26 1.01 x ULN
Group 2 7 67 No 100% 99% 71% 28% 460 (1.9x ULN) NSTEMI
with stent
thrombosis x2
CVA 8 49 No 70.8% 22.8% 13.4% 94% 442 (1.6x ULN) STEMI
Critical limb
ischemia
Splanchnic vein
Median for group 2 58 89.4% 60.9% 42.2% 18.7% 1.75x ULN

Co-Morbidities: AA: Aplastic anemia; ATG: Antithymocyte globulin; NLPHD: Nodular lymphocyte predominant Hodgkins disease; AML: Acute myeloid leuaemia Thrombosis:
CVA: Cerebrovascular accident; NSTEMI: Non ST elevation myocardial infarction; DVT: Deep vein thrombosis; NSTEMI: Non ST elevation myocardial infarction; ULN: Upper
limit of Normal. LDH: lactate dehydrogenase. *Please note the LDH ranges ranges depend on the laboratory and thus LDH results have been presented in comparison to

Upper limit of normal for the laboratory:.
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A total of 429 patients were analysed and 25 patients
who fit the criteria were identified. Median age of the
patient cohort was 60 years (range 23-80 years). Eleven
patients fit the criteria for group 1, of whom 6 (54%) had
thrombosis. Eleven patients fit the criteria for group 2, of
whom 2 (18.1%) had thrombosis. Three patients fit the
criteria for group 3, with no thrombosis. Median age at
thrombosis was 49 years (range 21-67 years).

All 8 patients with thrombosis are detailed in the table,
including co-morbidities, PNH clone size and site of
thrombosis. Clinical data provided is from time of the
thrombosis or at the time of diagnosis for those without
thrombosis. Patients in the cohort also had immature red
cell clones assessed (CD71* cells), which were all less
than 2%, reflecting comparably with the red cell clone
data provided in the table. No patient was on eculizumab
at the time of their initial thrombosis.

Seven patients were not on anticoagulation at the time
of the thrombosis, with one patient extending their
thrombosis whilst on warfarin (patient 1). One patient
had a further multi-territory acute infarct six days after
eculizumab dose, with complete complement blockade
on CH50 lysis analysis (patient 4).

In total, 3 of the 25 patients (12%) have died; one in
the thrombosis cohort, and two in the non-thrombosis
group. Causes of death include dementia, metastatic can-
cer, and presumed complications of allograft for aplastic
anemia.

We report the first case series of patients with PNH
who experience thrombosis with low levels of hemolysis.
Patients at higher risk of presenting with thrombosis
were those with high PNH white cell proportions and
low PNH red cells (group I). Patients with a greater pro-
portion of type II red cells (partial deficiency of GPI
linked proteins) compared to type III red cells (complete
deficiency of GPI linked proteins) and LDH <2x ULN
were also at risk of thrombosis. This is an under-recog-
nised risk for patients with PNH cells.

It should be noted that only one patient was anticoag-
ulated at the time of their CVA extension. Others were
not anticoagulated due to patients not being diagnosed
with PNH at the time of thrombosis or thought to be
unsuitable for anticoagulation due to thrombocytopenia.

Recurrent thrombosis is a recognised risk factor in
patients with PNH;® patients in this series had recurrent
thrombosis or extension of thrombosis resulting in signif-
icant morbidity, emphasising the importance of recogni-
tion of PNH as a contributing factor for thrombosis and
education of physicians to request PNH testing.

Mechanisms for thrombosis in PNH are not completely
understood with both hemolytic and non-hemolytic
mediated processes described. The complement and
coagulation systems are intimately linked.” This study
lends further support to non-hemolytic mechanisms
playing a major role in the pathophysiology of thrombo-
sis in PNH. PNH platelets may play a key role through
platelet derived microparticles production and activation
of the coagulation system, in particular due to CD59 defi-
ciency.*" Endothelial activation may also be a significant
contributor due to endothelial microparticle release and
inflammation." The formation of neutrophil extracellular
traps (NETs) stimulated by infection or inflammation can
also directly promote thrombin activation, even in
platelet-poor plasma.” Differences in nucleosome levels
in PNH patients with a history of thrombosis and those
without thrombosis support the formation of low grade
NETs in PNH, although further studies are required.”

Whilst hemolytic PNH rarely presents as an acute
emergency, thrombosis can occur without preceding

symptoms and can be catastrophic. Managing this risk is
difficult. Granulocyte cell proportion correlates with
thrombosis risk;*'* however, decisions to commence
complement inhibition is not solely based on this. In
those whom complement inhibition is not indicated, a
granulocyte cell proportion over 50% is usually utilised
as an ‘arbitrary’ level for commencement of prophylactic
anticoagulation. However, it must be recognised that
patients with smaller PNH cell proportions remain at an
increased risk of thrombosis thus clinical vigilance and
patient education is essential.” Patients should have an
informed discussion with their hematologist regarding
the risks and benefits of anticoagulation.

Anticoagulation alone is not wholly effective in reduc-
ing the thrombosis risk in patients with PNH compared
with the general population. Patients are at risk of throm-
bosis extension and recurrence despite prophylactic anti-
coagulation, in some reports as high as 57%." This risk,
particularly in countries where anti-complement therapy
is not available, causes increased morbidity and mortali-
ty. Reasons for ongoing thrombosis in patients with PNH
on prophylactic anticoagulation are multifactorial with
several non-hemolytic mechanisms. Complement acti-
vation results in increased levels of interleukin 6, inter-
leukin 8 and tumour necrosis factor alpha, which activate
endothelium-releasing microparticles and promote fur-
ther thrombosis. Interleukin 6 can also activate thrombin
directly, bypassing the coagulation cascade. Thrombin
activates the complement system independently, cleav-
ing C3 and C5 perpetuating the thrombotic state.”

Arterial thrombosis risk is around 15-30%.""
Interestingly and surprisingly, arterial thrombosis in this
cohort was disproportionately high, with 62.5% experi-
encing either arterial or mixed venous and arterial throm-
bosis. Utilisation of non-invasive methods including
echocardiogram, MRI and cardiac markers can be useful
to identify patients who may benefit from complement
inhibition.

This study supports the theory that while hemolysis
may be associated with a thrombotic event, white cell
and platelet factors appear to have a more pivotal role
than previously thought in the mechanisms of thrombo-
sis in PNH. Ongoing laboratory research into this area
will provide further valuable data. As per the national
recommendations in England, PNH-related thrombosis,
regardless of LDH level, is an indication to commence
treatment.
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