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Abstract

Objectives: A retrospective population-based study to determine the incidence and prevalence of

patients with the rare blood disease paroxysmal nocturnal haemoglobinuria (PNH).

Methods: All patients were identified by flow cytometric detection of blood cells deficient in
glycosylphosphatidylinositol (GPI) linked proteins at a single diagnostic reference laboratory that
serves the Yorkshire based, Haematological Malignancy Research Network (HMRN) with a

population of 3.8 million.

Results. 197 patients with detectable PNH clones at a level of >0.01% in at least 2 lineages of cells
(neutrophils, monocytes and/or red cells) were identified over a 15-year period (2004 — 2018). Of
these, 88% had aplastic anaemia (AA), 8% classical PNH and 3% myelodysplastic syndrome. The
overall incidence rate was estimated at 0.35 cases per 100,000 people per year. This equates to 220
cases newly diagnosed in the United Kingdom each year. The overall prevalence rate was 3.81 per
100,000, this equates to an estimated 2,400 prevalent cases in the UK. The overall and relative 5-

year survival rates were 72% and 82.7% respectively.

Conclusions. This study showed that classical haemolytic PNH is a rare disease and represents
only a small proportion overall of patients with detectable PNH cells, the majority of which have

aplastic anaemia.
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1 Introduction

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare form of acquired haemolytic anaemia that
has a close relationship to immune mediated bone marrow failure (1, 2). Laboratory diagnosis of
PNH is centred on demonstrating the presence of peripheral blood cells that show deficiency of
glycosyl phosphatidylinositol-linked antigens (GPI) by flow cytometry (3, 4). The size and
phenotype of these GPI deficient cells or PNH clones correlates with disease type: large PNH
clones are typically associated with classical haemolytic PNH, and smaller clones with
aplastic/cytopenic types, though there is a degree of overlap and disease evolution in some patients
(5, 6, 7). Rare cases of PNH are also associated with a concomitant diagnosis of myelodysplastic
syndrome or myeloproliferative disorders (7) with variable PNH clone sizes at presentation.
Furthermore, a small proportion of patients can go on to develop a secondary myeloid malignancy

such as acute myeloid leukaemia (AML) or myelodysplastic syndrome (MDS) (8).

Although much is understood about the biology of PNH, its incidence and prevalence has so far
been poorly defined, with estimates of prevalence ranging between 5-10 per million population to
as high as 20 per 1,000,000 (9, 10). In this retrospective analysis we set out to more accurately
define incidence and prevalence of patients with detectable PNH clones in the peripheral blood
within the Yorkshire based Haematological Malignancy Research Network (HMRN)
(www.hmrn.org). An important feature of this cohort of patients was that from the start date of
2004, all new diagnoses of classical PNH that were eligible for complement blockade therapy with
Eculizumab (Soliris®; Alexion Pharmaceuticals, Inc., Boston, MA, USA) received this treatment if
indicated. The profound positive effect of this on survival has already been described and will

clearly have a major influence on contemporaneous studies of disease prevalence (11, 12).

2 Methods

2.1 Identification of Patients

Patient samples were referred to the Haematological Malignancy Diagnostic Service (HMDS) for
PNH screening with a range of clinical indications including PNH, aplastic anaemia (suspected or
confirmed), myelodysplastic syndrome, unexplained cytopenias, unexplained thrombosis or

haemolysis. Patients were not identified from routine population screening of individuals. HMDS
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is a central diagnostic laboratory that serves all 14 hospitals and a population 3.8 million within
the HMRN. Testing for PNH is not undertaken at any other laboratory within this network. We
included all patients in which populations of GPI negative cells were detected by flow cytometry
at a level of >0.01% in at least two lineages of peripheral blood cells that included any

combination of red cells, neutrophils and/or monocytes as previously described (13, 14).

Once PNH cells were detected, patients were classified based on a combination of clinical features
and extensive routine and follow up laboratory investigations. Patients were then assigned as
classical haemolytic PNH, myelodysplastic syndrome (MDS), myeloproliferative neoplasm
(NPM), pure thrombotic PNH, haemolytic/thrombotic PNH and aplastic anaemia as previously
described (7). Conventional world health organisation (WHO) diagnostic criteria were used for
assigning patients to the MDS and MPN categories (15). Diagnoses of aplastic anaemia were

established using conventional criteria (16, 17).

All blood samples were obtained following informed consent and referred to HMDS for diagnostic
purposes. No additional, non-routine investigations were undertaken. The study itself does not
meet the criteria used to define ‘Research’ as used by the NHS Health Research Authority/Medical
Research Council on-line assessment tool (http://www.hra-decisiontools.org.uk/ethics/). All

patients were followed up at regular intervals with routine laboratory and clinical assessments.
2.2 Statistical Analysis

Analyses were conducted using standard methods in the statistical package Stata v16. Incidence
rates and their 95% Confidence Intervals (Cls) were estimated by Poisson regression. Prevalence
calculations included all patients even if they were considered “cured” as is standard practice in

calculating cancer/disease prevalence.
3 Results

3.1 Descriptive Data

Between 2004 and 2018, 197 patients were identified with PNH clones detected by flow
cytometry in at least two lineages of peripheral blood cells. The baseline clinical and laboratory
characteristics of these presentation cases are shown in Table 1. The largest group of patients were
those with aplastic anaemia, comprising over 88% of all patients. Over the study period of 15

years, only 15 patients were identified that could be classified as classical PNH, highlighting that
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patients with large PNH clones and typical PNH features were relatively rare (8% of all cases). As
expected, PNH clones were significantly larger in those patients with classical haemolytic PNH
compared with those with aplastic anaemia (Table 1). Clear differences were also evident for
lactate dehydrogenase (LDH) levels and reticulocyte counts, reflecting the haemolytic anaemia
seen in classical PNH. Rare presentations were also identified: a single patient with pure
thrombotic PNH was identified in 15 years of study. Similarly, a single patient with a JAK2
(V617F) mutated myeloproliferative neoplasm (MPN) was identified. Both these very rare cases
had large PNH clones detectable at presentation and markedly elevated LDH levels.

Further analysis of the patient group with aplastic anaemia showed a distinct bimodal age
distribution, consistent with previous findings in a much larger series of patients (7). A more
detailed analysis of this cohort was made on patients <40 years old versus those >40 years old at
presentation (Table 2). The only notable statistical difference between the two groups in terms of

laboratory parameters was a lower mean platelet count in the older age group (P = 0.01).

3.2 Incidence and Prevalence

The overall incidence rate of patients with detectable PNH clones was estimated to be 0.35 cases
per 100,000 people per year or 3.5 per million per year. This equates to 220 cases newly diagnosed
in the United Kingdom each year. The overall prevalence rate was 3.81 per 100,000, this equates
to an estimated 2,400 prevalent cases in the UK. Too few cases of haemolytic PNH were identified

for incidence and prevalence calculations to be undertaken.
3.3 Disease Progression, Clinical Course and Survival

Of the 197 patients included in this study, 12 patients showed disease evolution (Table 3). Seven
patients developed symptomatic haemolytic PNH and one patient developed thrombotic disease
associated with increasing type II or partially GPI-deficient PNH cells. The development of
secondary acute myeloid leukaemia or myelodysplastic syndrome was seen in four patients and
associated with an adverse outcome. Cases showing disease evolution were predominantly in the

>4() years old cohort.

For patients with aplastic anaemia, conventional immunosuppressive therapies were used initially,
with 62% receiving ciclosporin, 41% receiving anti-thymocyte globulin and 6% of cases were

given Tacrolimus. Disease recovery, as defined by improved blood counts with or without
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reduction in PNH clone size, differed between the two age groups with aplastic anaemia. 24% of
the <40 years old age group underwent successful allogeneic haematopoietic stem cell transplant
(HSCT) with consequent loss of PNH clones. Even taking this into consideration, the >40 years
old cohort showed only 16.6% of patients with evidence of disease recovery, compared to 67% for
the <40 years age group. No patients with concurrent MDS and PNH clones showed disease
recovery. Of the patients that presented with classical haemolytic PNH, none developed a
haematological malignancy. Two patients showed a sustained fall in PNH clones, normalisation of
blood counts associated with reduction in haemolytic symptoms and eventual cessation of
complement blockade therapy. The single patient with JAK2 (V617F) mutated MPN and large
PNH clones had a very poor prognosis and survived only 4 months following diagnosis. Cases

with a similar phenotype have previously been reported and also showed a poor clinical course

(18).

Overall and relative survival rates are show in Table 3 and Figures 1a and b. For the whole cohort
of patients, the overall five-year survival rate was 72% (Confidence Intervals 64.5 — 78.2). The
relative survival was 82.7% (CI 75.0 — 88.2). For the aplastic anaemia patients, the overall five-
year survival rate was 70.6% (CI 62.6 — 77.3) and the relative survival was 80.9% (73.0 — 86.6). A
more specific analysis of survival based on age, showed a five-year relative survival of 97.8% for
patients under the age of 40. The five-year survival became progressively shorter for patients
within the 40-59 years and in >60 years age categories (Table 3 and Figures 2a & 2b). These
findings for aplastic patients with small PNH clones were similar to those reported by other groups
for aplastic anaemia patients in whom PNH analysis had not been undertaken (19, 20). For
haemolytic PNH patients, overall survival at 5 years was 100%, though there were insufficient
case numbers to estimate relative survival. Similarly, only 5-year overall survival (64%) could be
calculated for the MDS cohort of 7 patients. Of note, two of the patients with haemolytic PNH

died 81 months and 169 months after the original diagnosis.
4 Discussion

PNH is a rare and complex haematological disorder. Obtaining definitive data on incidence and
prevalence of the disease is challenging due to several factors. Firstly, as a rare disorder delay in
diagnosis is a frequent occurrence. One large study showed that 10 months was the median time to

definitive diagnosis, though it can be as long as 5 years before a diagnosis is made (21). Secondly,

This article is protected by copyright. All rights reserved



flow cytometric testing is not only required to confirm a suspected diagnosis but is also essential
for identifying those patients with small PNH clones. The test may not be accessible to all
requesting physicians. Thirdly, disease course is variable. For some patients it can be a lifelong
condition whilst others can undergo disease progression, spontaneous recovery or develop a

secondary myeloid malignancy.

In this unique, retrospective analysis we identified a population-based cohort of 197 patients with
PNH cells detected by flow cytometry over a 15-year period at a central reference laboratory used
by all hospitals within a defined clinical network and distinct geographical area. This approach to
analysing real-world data has been successfully used by HMRN to define incidence and
prevalence data for a range of haematological malignancies (22, 23). Importantly, only a small
number of presentation cases of classical haemolytic PNH were identified, with most patients
falling into the categories of either i) PNH in the setting of another specified bone marrow disorder
or ii) Subclinical PNH (PNH-sc) (3). Whether these latter two categories should be classified as
clinical PNH is contentious, as in reality they behave much like immune mediated aplastic
anaemia, and the small populations of PNH cells probably arise due to immune escape (24) or
reflect underlying clonal haematopoiesis. Nevertheless, it is accepted that these cases form part of
the spectrum of disease associated with PNH. The incidence of aplastic anaemia is about
2.34/million in Europe and the United States and has the two age peaks of incidence (young adults
and elderly) similar to the results obtained in this study (19). A significant feature of these cases is
that a small proportion can progress to classical, symptomatic PNH or develop a secondary
myeloid malignancy such as MDS or AML (8) with the ensuing implications for changes to
therapy or the adverse outcome for the patient respectively. In this current series it was patients in

the aplastic >40 years old category that most frequently showed disease evolution (8.3% of cases).

All patients with PNH clones identified in this study were new diagnoses and importantly from a
distinct, geographically defined, population. Data analysis showed an estimated overall incidence
rate to be 0.35 cases per 100,000 people per year or 3.5 per million per year. This equates to 220
newly diagnosed cases for the whole of the UK per year. The overall prevalence rate was 3.81 per
100,000, this equates to an estimated 2,400 prevalent cases in the UK, Given the relatively low
numbers of presentation haemolytic PNH cases we identified, together with the small number of
aplastic PNH cases that evolved to haemolytic PNH, we can conclude that the disease in its

classical form is extremely rare. The patients with aplastic PNH showed many similar
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characteristics to conventional aplastic anaemia. This is not altogether unexpected as up to 60% of
aplastic anaemia patients reportedly have PNH clones at presentation (6, 25). Given the
differences in incidence rates of aplastic anaemia between Europe/America and Asia it is likely
that the findings in this current study may not be directly applicable to Asian countries where the
incidence of aplastic anaemia is much higher (19). Other studies have also highlighted a series of
differences in baseline clinical characteristics between Asian and non-Asian patients with PNH

(26, 27).

Another important aspect of this study was that all patients that presented with haemolytic PNH
commenced treatment immediately with eculizumab if indicated. As reported previously, the use
of complement blockade therapy has a significant impact on survival for PNH patients. Prior to the
availability of eculizumab, the 5-year survival rate was 67%, which is significantly worse than the
S-year survival rate of 96% for patients treated with Eculizumab (11). This dramatic improvement
in outcome will clearly influence the prevalence of classical haemolytic PNH, as the treatment
blocks haemolysis but does not cure the underlying PNH. It was also evident from overall survival
figures that patients with MDS and patients >40 years old with aplastic anaemia had poorer
survival than those with classical PNH or were <40 years old with aplastic anaemia. Clearly, a

much larger number of MDS patients would be required to confirm these observations.

Long term follow-up of two of the 12 patients that presented with classical haemolytic PNH
showed a slow but sustained fall in PNH clone sizes over a period of 10 years. Both were initially
treated with Eculizumab. One patient showed normalization of blood counts and is no longer
receiving complement blockade therapy and the second patient is now mildly cytopenic but
remains on Eculizumab and erythropoietin treatment. Although drawing definitive conclusions
about disease course was not possible due to the low number of patients with classical PNH
identified in this study, we are currently analysing a much larger cohort of non-HMRN patients
referred into the Leeds National PNH service (www.pnhleeds.co.uk). This should provide more
definitive data on disease progression, spontaneous remissions and the frequency of development
secondary MDS and AML. For all patients identified in this study 36% show significant changes
in terms of disease course resolution (therapeutic or otherwise) or disease progression to
haemolytic or secondary myeloid malignancy. Clearly collecting and analysing high quality
epidemiological data is central to improving both understanding and therapeutic approaches to rare

diseases.
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Table 1: Age & sex demographics and laboratory findings for all patients studied.

Disease Type T
Reference All Aplastic Haemolytic MDS Other
Ranges Cases

Patients: 197 (100) 175 (88.8) 12 (6.1) 7 (3.6) 3(1.5)
number and (%)
Age (years) at diagnosis: 59 (5-91) 59 (5-91) 42 (20 - 86) 79 (58 - 87) 65 (49 -78)
median and range
Sex (F/M): Number and (%) 91(46)/106(54) 81(46)/94(54) 6(50)/6(50) 2(29)/5(71) 2/1
Blood Count Parameters:
mean & (standard deviation)
WBC (x 10°/L) 4.0-10.0 3.6 (1.8) 3.5(1.7) 3.6 (1.6) 4.6 (3.5) 6.2 (2.1)
Neutrophils (x 10°/L) 20-7.0 1.8 (1.5) 1.7 (1.3) 1.7 (1.2) 2.7(3.3) 4.3(1.9)
Lymphocytes (x 10°/L) 1.0-3.0 1.6 (0.8) 1.6 (0.8) 1.4 (0.3) 1.4 (0.4) 1.0 (0.2)
Monocytes (x 10°/L) 0.2-1.0 0.5(1.7) 0.5(1.9) 0.4 (0.2) 0.5(0.2) 1.0 (0.2)
RBC (x 10"“/L) 3.8-55 2.8(0.7) 2.8(0.7) 2.9(0.7) 2.4(0.5) 3.56 (0.33)
Haemoglobin (g/L) 120 - 170 96.2 (21.5) 96.3 (21.7) 98.2 (22.9) 88.8 (17.9) 95.3(2.9)
MCYV (fL) 83-101 99.0 (8.2) 98.9 (8.0) 99.8 (10.1) 104.9 (6.8) 90.7 (6.2)
Platelets (x 10°/L) 150 - 410 48 (55) 40 (44) 144 (84) 68 (65) 130 (20)
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Flow Cytometry PNH clone:

Neutrophil PNH clone (%). 0.95 0.68 63.02 0.59 65
Median and IQR. 0.15-4.49 0.13-3.16 38.1-78.67 0.28 - 8.16 49 - 78
Monocyte PNH clone (%). 1.12 0.82 72.13 0.90 80.94
Median and IQR. 0.15-5.69 0.13-2.93 45.78 - 88.52 0.26 - 49.52 83.2-95.9
Red cell PNH clone (%). 0.11 0.09 29.33 0.16 63.37
Median and IQR. 0.02-0.72 0.02-0.43 18.84 - 4491 0.05-4.91 24.1-89.9
Additional Laboratory

Investigations:

Reticulocyte Count (x 10°/L) 20 - 80 n=110 n=95 n=38 n=4 n=3
number, mean and SD 61.48 (36.7) 56.3 (31.6) 104.4 (55.7) 77.8 (49.9) 59
Creatinine (umol/L) 70 - 100 n=116 n=101 n=3_8 n=4 n=3
number, mean and SD 81.8 (27.0) 81.5 (27.1) 91 (20.7) 96.5 (19.1) 80
Lactate Dehydrogenase (IU/L) 160 - 430 n=108 n=93 n=3_§ n=4 n=3
number, mean and SD 574 (344) 492 (232) 1156 (356) 627 (227) 927

T Clinical disease types: Aplastic, Haemolytic, MDS (myelodysplastic syndrome). The ‘Other’ category comprised haemolytic/thrombotic (n = 1),

thrombotic (n = 1) and myeloproliferative neoplasm (n = 1).
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Abbreviations: WBC: White cell Count; RBC: Red blood cell count; MCV: Mean corpuscular volume; PNH: Paroxysmal Nocturnal Haemoglobinuria, MDS:
Myelodysplastic syndrome, IQR interquartile range
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Table 2: Statistical comparison of presentation laboratory and flow

cytometric

characteristics between patients with aplastic anaemia <40 years versus those >40 years of

age.
Patients with Aplastic
Anaemia
Age at diagnosis (years)
<40 >40
Reference P valuet
Range
Age at Diagnosis (years)
Median (range) 24 (5-139) 69 (40 -91)
Sex (number & %) 1.00%
Male 30 (54.5) 64 (53.3)
Female 25 (45.5) 56 (46.7)
Blood Count Parameters:
mean and (SD)
WBC (x 10°/L) 4.0-10.0 3.5(.9) 3.51.7) 0.79
Neutrophils (x 10°/L) 20-70 1.7(1.4) 1.7 (1.3) 0.88
Lymphocytes (x 10°/L) 1.0-3.0 1.8 (1.0) 1.5 (0.7) 0.13
Monocytes (x 10°/L) 02-1.0 0.8 (3.4) 0.3 (0.3) 0.40
RBC (x 10"/L) 38-55 2.9 (0.9) 2.8 (0.6) 0.78
Haemoglobin (g/L) 120-170 98.4 (27.9) 95.4 (18.3) 0.46
MCV (fL) 83-101 99.9 (8.0) 98.4 (8.1) 0.26
Platelets (x 10°/L) 150 - 410 54.7 (58.1) 32.7 (34.6) 0.01
Flow Cytometry PNH clone:
mean and (SD)
Neutrophil PNH clone (%) 4.7 (12.2) 4.7 (13.5) 0.96
Monocyte PNH clone (%) 5.1 (13.6) 5.0(14.2) 0.95
Red cell PNH clone (%) 1.0 (2.6) 1.1 (3.4) 0.85
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Additional Parameters:

Mean and (SD)

Reticulocyte Count (x 10°/L) 20 - 80 50.9 (26.5) 59.6 (34.1) 0.17
Creatinine (umol/L) 70 - 100 77.7 (20.6) 83.7 (30.3) 0.24
Lactate Dehydrogenase (IU/L) 160 - 430 445 (125) 517 271) 0.09

T P values derived from paired T Test (numeric data).

T Chi squared not significant for male/female distribution

Abbreviations: WBC: White cell Count; RBC: Red blood cell count; MCV: Mean corpuscular

volume; PNH: Paroxysmal Nocturnal Haemoglobinuria; SD: Standard deviation.
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Table 3: Disease evolution, overall and relative survival data, and disease recovery.

Disease Type
All Aplastic Aplastic Aplastic Haemolytic T MDS
(all ages) <40yrs >40yrs
n 197 175 55 120 14 7
Disease Evolution n (%) 12 (6.1) 12 (6.8) 2 (3.6) 10 (8.3) 0 (0.0) 0 (0.0)
Haemolytic PNH n (%) 7 (3.6) 7 (4.0) 1(1.8) 6 (5.0) 0 (0.0) 0 (0.0)
Myelodysplastic Syndrome n (%) 3(1.5) 3(1.7) 1(1.8) 2 (1.6) 0(0.0) -
Acute Myeloid Leukaemia n (%) 1(0.5) 1 (0.6) 0 (0.0) 1(0.8) 0 (0.0) 0 (0.0)
Thrombotic PNH n (%) 1(0.5) 1 (0.6) 0 (0.0) 1 (0.8) 0 (0.0) 0 (0.0)
Disease Recovery } 59 (29.9) 57 (32.6) 37 (67.3) 20 (16.6) 2(14.2) 0(0.0)
HSCT n (%) 13 (23.6) 2(1.7)
5-year overall survival § % 72.0 70.6 97.9 574 100 63.6
(95% CI) | (64.5-78.2) | (62.6—-773) | (86.1-99.7) (47.0-66.4) (16.1 —-78.2)
5-year relative survival § % 82.7 80.9 97.8 68.8 q q
(95% CI) | (75.0—-88.2) | (73.0—-86.6) | (84.1-99.7) (58.1-77.3)
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T Includes patients with haemolytic and haemolytic/thrombotic subtypes

T Disease recovery includes successful HSCT, loss or sustained decrease of PNH clone, and normalisation or sustained improvement in blood
counts. PNH clones remain detectable at low levels in many of these patients

§ Four patients lost to follow up

{ Number of cases too small to estimate relative survival

Abbreviations: CI = confidence interval; HSCT = Haematopoietic stem cell transplant; MDS = myelodysplastic syndrome
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Figure 1: Overall (a) and relative survival (b) rates for all cases. The overall 5-year survival
rate was 72% (Confidence intervals 64.5 — 78.2) and the relative survival rate was 82.7%
(Confidence intervals 75.0 — 88.2).

This article is protected by copyright. All rights reserved

T
10.00



ejh_13640_f2.docx

Relative survival - aplastic cases (a) Aplastic cases: survival by age group (b)
100 100 —
754 - 75
£ 50 2 504
25 254
04 T T T T I r O 1 T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 0 1 2 3 4 5 6 7 8 9 10
Years Time from diagnosis (years)
Relative survival ———— Relative: age < 40 years Overall: age < 40 years
95% CI Relative: age 40 to 59 years Overall: age 40 to 59 years
Realtive: age >= 60 years Overall: age >= 60 years

Figure 2: Relative survival for all patients with aplastic anaemia/PNH (plot a). Plot b shows
falling overall survival for older age groups (40-59 years) and >60 years of age with most
deaths occurring within the first year following diagnosis.
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